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SAE Standardization Publications 


SAE Handbook contains three classes of reports: 

1. SAE Standards, which are specifications based on sound, 
established engineering practice. 

2. SAE Recommended Practices, which are recommendations 
based on sound engineering principles.and are intended as guides 
toward standard engineering practice. 

3. SAE General Information reports, which present data useful 
to SAE Handbook users. 


SAE Handbook Reprints available include ‘“‘“SSAE Recommended 
Practice on Hydrodynamic-Drive Terminology,’’ “Iron and Steel 
Standards and Specifications,” ‘“Lighting Equipment and Photo- 
metric Tests,”’ “SAE Standards and Recommended Practices ref- 
ferenced in proposed revisions of the Motor Carrier Safety Regula- 
tions currently under consideration by the Interstate Commerce 
Commission,” and ‘SAE Standard on Commerical-Vehicle Nomen- 
clature.”’ 


SAE Automotive Drafting Standards are printed on sheets for 
insertion in a standard three-ring binder. Part I includes sections 
on Drawing Forms, Lines and Line Work, Lettering, Sectioning, 
Projection, Dimensioning, Decimal Dimensioning, Limits and 
Tolerances, Screw Threads, Drawing Revisions; Layout Forms, 
Layout Practice, and Checking Practice. Part II includes sections 
on Castings, Die Castings, Springs, Powder Metallurgy, Surface 
Finish, Chassis Frames, Abbreviations and Symbols, and Defini- 
tions and Notes. SAE Automotive Drafting Standards are sold 
as a unit, with or without three-ring binder. Also, bound copies of 
Part I are.sold separately. 


SAE Aeronautical Drafting Manual covers the drafting practices 
of the aircraft-engine, aircraft-propeller, and aircraft-accessory 
manufacturers and airline operators. The manual contains loose- 
leaf sections on Preparation of Drawings, Dimensioning by the 
Decimal System, Notes, Abbreviations and Symbols, Definitions, 
Threads, Gears, Splines and Serrations, Forgings, Finish Marks 
and Special Finishes, and Springs—plus tables of data useful to 
draftsmen, designers, and other engineers. 


SAE aeronautical standardization publications cover design, 
dimensional, and parts standards for aircraft engines, propellers, 
accessories, and their components and installations as well as ma- 


terials and process specifications for all phases of the aeronautical 
industry. The publications are issued in looseleaf-sheet form and 
sold individually as well as in sets of AMS’s, AS’s and ARP’s, and 
AIR’s. Numerical indexes of AMS’s and of AS’s, ARP’s, and AIR’s 
are available from the Society. 

Aeronautical Material Specifications (AMS) are material and 
process specifications conforming to sound, established engineer- 
ing and metallurgical practices in the aircraft industry. AMS’s 
are given numbers prefixed by ‘“‘AMS.”’ 

Aeronautical Standards (AS) are (1) design standards conform- 
ing with sound, established engineering practices in the aircraft 
industry; (2) parts standards conforming with engineering prac- 
tices in the engine, propeller, accessory-equipment and airline 
industries; or (3) other aeronautical specifications that do not fall 
within the category of AMS’s. AS’s are given numbers prefixed by 
TOA) 2? 

Aeronautical Recommended Practices (ARP) are dimensional 
designs or performance recommendations based on sound engineer- 
ing principles and are intended as guides toward standard en- 
gineering practice. ARP’s are given numbers prefixed by ‘“‘ARP.”’ 

Aeronautical Information Reports (AIR) contain engineering 
data of sufficient value to warrant publication but which do not 
lend themselves to the classification of standards or recommended 
practices. AIR’s are given numbers prefixed by ‘“‘AIR.”’ 


SAE Aircraft Engine Test Code is similar to the SAE Standard 
Engine Test Codes described in this book. The aircraft code forms 
include the instructions in pamphlet form with pages numbered 
AA-1-AA-9; Mechanical Information Sheets AB-1 and AB-2; Log 
Sheet AC; Temperature Corrections for Mercury Columns, Sheet 
AD-1; Vapor Pressure Chart, Sheet AD-2; Full Throttle Horse- 
power Correction Chart, Sheet AD-3; Horsepower Correction 
Factors for Carburetor Air Temperature, Sheet AD-4; and curve 
sheets AD-5-AD-7. The Society sells pamphlet and sheets sepa- 
rately as well as in sets. 


All the foregoing publications are prepared by the Society. 
Address requests for prices and orders to 
Society of Automotive Engineers, Inc. 
29 West 39 Street 
New York 18, N. Y. 
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4 eA) d (>a All-Metal Flexible Tubing 


Dozens of Automotive Applications 


Because it is made entirely from metal, 
Titeflex tubing possesses the inherent 
: Se strength of metal. Yet it is entirely flexible 
ing within the automotive to facilitate installation and to counteract 
industry are: Gas, Oil & Air vibration. It is manufactured from brass, 
Lines @ Ignition Shielding e bronze, stainless, monel and inconel, in a 
Internal Combustion Exhaust complete range of sizes, to fill most require- 
Connections e Fire Extin- ments of temperature, pressure and corro- 
guisher Lines sion-resistance. 


Some of the many uses for 
Titeflex flexible metal tub- 


Titeflex Ignition Shielding 


To Suppress Electrical Interference 
with Electronic Equipment 


Titeflex can supply complete ignition shield- 
ing systems or component: parts for all 
reciprocating and gas turbine engines, in 
accordance with AN specifications. These 
are available to provide efficient shielding 
at temperatures from —70° to 450° F, and 
to conform to all existing water-proofing 
requirements. 


Titeflex Fleximold Ignition 


Leads are produced in com- 
plete assemblies (including 
rigid manifolds, leads and 


fittings); in sets of leads (com- . | 
ana aeaeet eos coe: Titeflex, Inc. 


leads for a particular en- 
gine); and individually. 
They are rewireable and 
detachable. 


512 Frelinghuysen Ave. Newark 5, N. J. 
EXCLUSIVE MANUFACTURERS OF TITEFLEX HIGH 


QUALITY PRODUCTS FOR MORE THAN 30 YEARS. 
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To help you get the most 


© 


out of the steels 


you re getting 


The rearmament program, even at this early stage, is packed with 
headaches for steel users. And that is true whether you are working 
on defense orders or on non-military requirements. 


If you are operating under DO priority ratings you will of 
course get first call on critical steels. The steels you need for 
government defense orders will somehow be made available, 
but—you will still be faced with the necessity of quickly making 
the most out of those steels. For military needs are pressing and 
promise to become more so. 


If you are working on purely civilian goods, your problem 
is an even more difficult one. You will find it almost impossible 
to obtain certain steel items that are essential for defense. To 
fill the gap you will have to employ substitute steels. You’ll need 
help not only in selecting the proper substitute steels, but in 
using them properly. 


We are prepared to assist you in either situation. 


The steel engineers and metallurgists we have assigned to this 
important job of helping you use steel more effectively are the same 
men who were largely responsible for the development of National 
Emergency steels—one of the outstanding metallurgical accom- 
plishments of World War II. These men can call upon the facilities 
of the most completely equipped steel research laboratories and the 
largest steel making plants in America. They can bring to the solu- 
tion of your problems the very latest ideas and time-saving tech- 
niques in the working and treatment of steel. We urge you to draw 
freely upon this rich reservoir of experience. 


UNITED STATES STEEL COMPANY, PITTSBURGH 


COLUMBIA STEEL COMPANY, SAN FRANCISCO + TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


Carilloy Steels 


ELECTRIC FURNACE OR OPEN HEARTH COMPLETE PRODUCTION FACILITIES IN CHICAGO AND PITTSBURGH 


1-306 
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HYDRAULIC POWER CONTROLS—E. C. Iverson 
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(SAE Staff, R. C. Sackett) 
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‘MODERN TO THE MINUTE 
.. CONTINENTAL 


“Weg 


nn we 


For nearly half a century, Continental 
Motors has been a recognized leader 
in the world of internal combustion 
power. As a result of a continuing pro- 
gram of research and development, in- 
tensified during and since World War Il, 
today’s Continental Red Seal line is not 
only up to the minute mechanically, but 
also more widely diversified than ever 
before. It comprises scores of different 
basic models, built to more than 1,000 
specifications, and includes an engine for 
practically every application within the 
broad Red Seal power range—practically 
every job on land, at sea and in the air. 


Continental Motors [orp ora tion 


MUSKEGON, MICHIGAN 


| 
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. L. Beltz, Ford Motor Co. 

. H, Bertsche, @MC Truck & Coach Div. GMC 
. H. Endress, Willard Storage Battery Co. 

. D. Gilchrist, Leece-Neville Co.- 
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ENGINE TEST CODES—W. E. Swenson, Chairman 


ENGINE NOMENCLATURE—A. H. Boerger, Chairman 


FAN MOUNTING FLANGES—B. B. Cary, Chairman 
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. L. Faulkner, Nelson-Chevrolet Sales, Inc. 
Fisher, Waukesha, Wis. 
Geniesse, Atlantic Refining Co. 

. W. Georgi, Quaker State Oil Refining ee 
. A, Gilmer, Oliver Corp. 

. K. Glynn, American Tel. and Tel. Co. 


.B. 
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:>, 4 (H.T. Youngren, Sponsor) , 
J. H. Bolles, Chairman, Delco-Remy Div., GMC 


E. H. Smith, Vice-Chairman, Packard Motor Car Co. 


G. W: Hostetler, International Harvester Co. 
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L. H. Middleton, Electric A'uto-Lite Co. 
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T. E. Wagar, Studebaker Corp. 

L. E. Wells, Electric Storage Battery Co. 


(SAE Staff, D. L. Staiger) 
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WATER-PUMP SEALS—Carl E. Schmitz, Chairman 
SHELL BEARINGS—E. Crankshaw, Chairman 


FUELS AND LUBRICANTS COMMITTEE 


(R. J. S. Pigott, Sponsor) 


EXECUTIVE COMMITTEE 
M. D. Gjerde, Chairman 


G, A. Round 
S. W. Sparrow 


FUELS AND LUBRICANTS COMMITTEE 


M. D. Gjerde, Chairman, Standard Oil Co. of Ind. 
V. G. Raviolo, Vice-Chairman, Ford Motor Co. 


. C. Gooch, Tide Water Associated Oil Co. 
Gore, Skelly Oil Co. 
Griswold, Petroleum Advisers, Inc. 
Heinen, Chrysler Corp: 
Hendren, Pan American Airways, Inc. 
Hill, Sun Oil Co. 
Hilliker, Pan-Am Southern Corp. 
M. Holaday, Socony-Vacuum Oil Co., 
Aplcan Houston, United Refining Co. 
. 8. James, Fram Corp. 
B. F. Jones, Autocar Co. 
G. H. Keller, Wright Aeronautical Corp. 
R. D. Kelly, United Air Lines, Inc. 
F. F. Kishline, Nash Kelvinator Corp. 
N. L. Klein, Office, Chief of Ordnance, U. S. Army— 
(Alt.) Carl Lamb 
J. D. Klinger, Chrysler Corp. 
G. Krieger, Ethyl Corp. 
W. E. Kuhn, The Texas Co. 
W. C. Landis, Shell Oil Co., Inc. 
C.M. Larson, Sinclair Refining Co. 
. W. Lavers, Lavers Engrg. Co. 
. I. L. Lawrence, Kendall Refining Co. 
. Lewis, Spicer Mfg. Div. of Dana Corp. 
. Lichty, Yale University School of Engrg. 
. Livingstone, Gulf Research & Develop. Co. 
. Macauley, Jr., Hthyl Corp. 
eu Mackenzie, The Texas Co. 
. G. Marshall, Shell Oil Co., Inc. 
aM McCloud, Ford Motor Co. 
. E. McGraw, Chrysler Corp. of Canada, Lid. 
K. McLeod, Coordinating Research Sa Inc. 
. J. Mikita, H. I. du Pont de Nemours & Co., 
Miller, Standard Oil Develop. Co. 
Miller, Standard Oil Co. of Ind. 
Moir, Pure Oil Co. 
Moore, Union Oil Co. of Calif. 
Mougey, General Motors Corp., Res. Labs. Div. 
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W. H. Oldacre, D. A. Stuart Oil Co. 
E. C. Phillips, Air Materiel Center, TSEPP Power 
Plant Lab., Wright Field 
. L. Pomeroy, Thompson Products, Inc. 
W. Pope, Jr., Waukesha Motor Co. 
. I, Potter, Standard Oil Co. 
. G. Proudfoot, Pennzoil Co. 
B. Rendel, Shell Oil Co., Inc. 
. J. Renwick, Ford Motor Co. of Canada, Ltd. 
G. Rich, John Deere Waterloo Tractor Wks. 
. M. Roensch, Ethyl Corp. 
. A. Round, Socony-Vacuum Oil Co., Ine 
. W. Roush, Timken-Detroit Azle Co. 
. A. Ryder, Pratt & Whitney Air., Div. United Aircrafi 
Corp. 
rank Sailer, International Harvester Co. 
. L. Sailer, Freedom-Valvoline Oil Co. 
. R. Scott, Wolf's Head Oil Refining Co., Inc. 
. G. Shoemaker, Detroit Diesel Engine Div., GMC 
M. Shoemaker, International Harvester Co. 
C. Smith, Chalmers, Ind. 
W. Sparrow, Studebaker Corp. 
A. Suess, Continental Oil Co. 
E. Tilston, Imperial Oil, Ltd. 
O. Tongberg, Standard Oil Develop. Co. 
D. Treiber, Hercules Motors Corp. 
W. Upham, Chrysler Corp. 
. E. VanDeventer, Packard Motor Car Co. 
G. VanZee, Minneapolis-Moline Co. 
D. Wagner, Hudson Motor Car Co. 
J. Kitch, Capt., Dept. of the Army, Office of Quarter- 
master General—(Alt.) I, L. Solovey 
. O. Willey, Lubri-Zol Corp. 
. C. Wilson, Ethyl Corp. 
. R. Wolf, General Motors Corp., Res. Labs. Div. 
. H. Young, Wright Aeronautical Corp. 
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FUEL AND LUBRICANTS COMMITTEE (CONTINUED) 


A—TRANSMISSION AND AXLE LUBRICANTS 


H. L. Moir, Chairman, Pure Oil Co. 


B. M. Berry, Standard Oil Co. of Calif. 

A. L. Clayden, Sun Oil Co. 

C. W. Georgi, Quaker State Oil Refining Corp. 
D. Gjerde, Standard Oil Co. of Ind. 

KE. Hebl, Shell Oil Co., Inc. 

S. James, Fram Corp. / 
D. Klinger, Chrysler Corp. 

L. McCloud, Ford Motor Co. 

L 


Miller, Standard Oil Develop. Co. 
Reagan, Elco Lubricant Corp. 
Round, Socony-Vacuwm Oil Co., Inc. 
VanDeventer, Packard Motor Car Co. 


M. 
L. 
Ww. 
J. 
J. L, 
FLL. 
J. E. 
G.A 
R.E 


. A. O. Willey, Lubri-Zol Corp. 


H. R. Wolf, General Motors Corp., Res. Labs. Div. 
B—ENGINE LUBRICANTS 


H. C. Mougey, Chairman, General Motors Corp., Res. 
Labs. Div. 

W. G. Ainsley, Sinclair Refining Co. 

L, A. Blane, Caterpillar Tractor Co. 

A. B. Culbertson, Shell Oil Co., Inc. 

W.S. James, Fram Corp. 

R. D. Kelly, United Air Lines, Inc. 

D. Klinger, Chrysler Corp. 

E. Kuhn, Tezas Co. 
. McCloud, Ford Motor Co. 


Ay, 
Ww. 
Jade 

F. A. Suess, Continental Oil Co. 


SUBCOMMITTEES 
C—CHASSIS LUBRICANTS 


C. W. Georgi; Chairman, Quaker State Oil Refining Corp. 


A. J. Daniel, Battenfeld Grease & Oil Corp. 
J. D. Klinger, Chrysler Corp. 

C. M. Larson, Sinclair Refining Co. 

J. L. McCloud, Ford Motor Co. 

H. L. Moir, Pure Oil Co. 


H. C. Mougey, General Motors Corp., Res. Labs. Div. 


R. E. Van Deventer, Packard Motor Car Co. 


D—MOTOR FUELS 


A. J. Blackwood, Chairman, Standard Oil Develop. Co. 
J. M. Campbell, General Motors Corp., Res. Labs. Div. 


J.B. Hill, Sun Oil Co. 

J. B. Macauley, Jr., Hthyl Corp. 

J. R. MacGregor, Research Corp. 

J. R. Sabina, H. I. du Pont de Nemours & Co. 
H.M. Trimble, Phillips Petroleum Co. 


E—AVIATION FUELS 
T. B. Rendel, Chairman, Shell Oil Co., Inc, 


D. P. Barnard, Standard Oil Co. of Ind. 

A. J. Blackwood, Standard Oil Develop. Co. 

W. V. Hanley, Standard Oil Co. of California 

J.T. Hendren, Pan American Airways, Inc. 

A. L. Pomeroy, Thompson Products, Inc. 

E. A. Ryder, Pratt & Whitney Air., Div. United Aircraft 
Corp. 

M. H. Young, Wright Aeronautical Corp. 


F—DIESEL FUELS 
G. C. Wilson, Chairman, Ethyl Corp. 


W. G. Ainsley, Sinclair Refining Co. 

L. A. Blanc, Caterpillar Tractor Co. 

H. F. Bryan, International Harvester Co. 

J. M. Campbell, General Motors Corp., Res. Labs. Div. 
W. M. Holaday, Socony-Vacuum Oil Co., Inc. 

A. G. Marshall, Shell Oil Co., Inc. 


CRC REPORTS—J. C. Geniesse, Chairman 
TORQUE CONVERTER FLUIDS—G. A. Round, 
Chairman 


HIGHWAYS RESEARCH COMMITTEE 


B. B. Bachman, Autocar Co. ‘ 
D. S. Berry, University of California 

R. W. Brown, Firestone Tire & Rubber Co. 

R. D. Evans, Goodyear Tire & Rubber Co. 

Y. L. Faulkner, Nelson Chevrolet Sales, Inc. 
I. C. Horner, Washington, D. C. 


(B. B. Bachman, Sponsor) 
Heman H. Allen, Chairman, Washington, D.C. 


W. E. Lay, University of Michigan 

B. J. Lemon, Bethel, New York 

A. A, Lyman, Public Serv. Coordinated Transp. 
R. A. Moyer, University of California 

T. L. Preble, Tide Water Associated Oil Co. 

C. P. Roberts, Ohio State University 


V. J. Roper, General Electric Co. 
K. D. Smith, National Standard Co. 
T. C. Smith, Chalmers, Ind. 
Hoy Stevens, American Trucking Assns., Inc. 
K. W. Stinson, Ohio State University 
(SAE Staff, D. L. Staiger) 


. HYDRODYNAMIC DRIVE COMMITTEE 


T, Backus, Fuller Mfg. Co. 

R. Brunken, Torcon Corp. 

H. E. Churchill, Stwdebaker Corp. 
B. C. Erickson, Ford Motor Co. 

J. Jandasek, Chrysler Corp. 

V. J. Jandasek, Ford Motor Co. 

O. K. Kelley, General Motors Corp. 


AIRCRAFT PISTON ENGINE—W. J. Carry, Chairman 


J.C. 
As 


(R. P. Lewis, Sponsor) 
R. P. Lewis, Chairman, Spicer Mfg. Div. of Dana Corp. 


Robt. Lapsley, Clark Equipment Co. 

F. R, McFarland, Packard Motor Car Co. 
H. L. Misch, Packard Motor Car Co. 

M. M. Schall, Spicer Mfg. Div. of Dana Corp. 
F. A. Schick, Allis-Chalmers Mfg. Co. 
Heinrich Schneider, Schneider Mfg. Corp. 
W. F. Shurts, Twin Disc Clutch Co. 


IGNITION COMMITTEE 


Johnson, Chairman, Pratt & Whitney Aircraft, Div. UAC 


D. T. Sicklesteel, Detroit Gear Div., Borg-Warner Corp. 
Wm. Spannhake, Armour Research Foundation 

J. F. Swift, International Harvester Co. 

R. W. Wayman, Warner Gear Div., Borg-Warner Corp. 
R. C. Zeidler, Long Mfg. Div., Borg-Warner Corp. 


(SAE Staff, R. S. Burnett) 


Neill, Vice-Chairman, National Advisory Committee for Aeronautics 


SUBCOMMITTEES 


(SAE Staff, W. R. Beckerle) 


AIRCRAFT GAS TURBINE, RAMJET, AND ROCKET—J. V. McNulty, Chairman 


GROUND VEHICLE, MARINE, AND INDUSTRIAL ENGINE 


IRON AND STEEL COMMITTEE 


(A. G. Herreshoff, Sponsor) 
E. H. Stilwill, Chairman, Chrysler Corp., Dodge Div. 
H. Bornstein, Vice-Chairman, Deere & Co. 


EXECUTIVE COMMITTEE 


E. H. Stilwill, Chairman 
H. Bornstein, Vice-Chairman 


H. W. Browall ~ §. Reed Hedges W. D. McMillen 
V. A. Crosby C. L. Kent R. B. Schenck 
L. A. Danse H. B. Knowlton J E. Spittle 

M. L. Frey 


Van Deventer 
oung 
immerli 
wahl 


(SAE Staff, R. C. Sackett) 
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For over 30 years, Kent-Moore’s complete research, bile dealers with the Special Service Tools they need 


engineering, and manufacturing facilities have been to perform essential maintenance operations in strict 
devoted exclusively to the task of providing automo- accordance with the manufacturers’ recommendations. 


Kent-Moore Organization, Ine. 


EXECUTIVE OFFICES: GENERAL MOTORS BUILDING ¢ DETROIT 2, MICHIGAN 
FACTORIES AT JACKSON, MICHIGAN %* REPRESENTATIVES IN PRINCIPAL CITIES 
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H. W. Browall, Chairman, Inland Steel Co. 
C. L. Kent, Vice-Chairman, Jones & Laughlin Steel Corp. 
J. D. Armour, Union Drawn Steel Div., Republic Steel A. J. Herzig, Climax Molybdenum Co. of Mich. E. C. Smith, Republic Steel Corp. 
Corp. J. K. Killmer, Bethlehem Steel Co. H. C. Smith, Great Lakes Steel Corp. 
W. G. Bischoff, Timken Roller Bearing Co. Elmer Larned, Youngstown Sheet & Tube Co. T. G. Stitt, Pittsburgh Steel Co. 
W. J. Buechling, Copperweld Steel Co. H. A. Moorehead, Carnegie-Illinois Steel Corp. A. G. Sturrock, Wyckoff Steel Co. 
C. A. Burkhalter, Wheeling Steel Corp. J. G. Morrow, Steel Co. of Canada, Ltd. J. R. Thompson, American Steel & Wire Co. 
H. B. Chambers, Ailas Steels, Ltd. J. H. Nead, Inland Steel Co. E. T. Walton, Crucible Steel Co. of America 
H. T. Chandler, Vanadium Corp. of America T. F. Olt, Armco Steel Corp. C. W. Weesner, Sharon Steel Corp. 
Walter Crafts, Union Carbide & Carbon Res. Labs., Inc. C.M. Parker, American Iron & Steel Institute T. H. Wickenden, International Nickel Co., Inc. 
L. L. Ferrall, Crucible Steel Co. of America J. R. Pigott, Wisconsin Steel Works A. J. Williamson, Columbia Steel & Shafting Co. 
Hi. W. Graham, Jones & Laughlin Steel Corp. C. B. Post, Carpenter Steel Co. L. H. Winkler, Bethlehem Steel Co. 
Robert Guthrie, Ford Motor Co. Robert Sergeson, Rotary Electric Steel Co. P. R. Wray, Carnegie-Illinois .Steel Corp. 
E. J. Hergenrother, International Nickel Co. J. H. Shank, Colorado Fuel & Iron Corp. 


PANEL B—CASTINGS 


V. A. Crosby, Chairman, Climax Molybdenum Co. of Mich. 
W. D. McMillan, Vice Chairman, International Harvester Co. 


S. C. Massari, American Foundrymen’s Assn. 

D. M. McCutcheon, Ford Motor Co. 

G. P. Phillips, International Harvester Co. 

Milton Tilley, National Malleable & Steel Catgs. Co. 
C. J. Tobin, Res. Labs. Div., GMC 

Gosta Vennerholm, Ford Motor Co. 

F. J. Walls, International Nickel Co., Inc. 

R. J. Wilcox, Michigan Steel Castings Co. 

R. E. Wilke, Louisville, Ky. 


R. J. Allen, Worthington Pump & Machinery Corp. R. A. Flinn, American Brake Shoe Co. 

J. E. Bowen, Chevrolet Gray Iron Div., GMC ‘ J.T. Jarman, Allis-Chalmers Mfg. Co. 

S. W. Brinson, Portsmouth Ship Yard C.F. Joseph, Central Foundry Div., GMC 

J. B. Caine, Wyoming, Ohio J. W. Juppenlatz, Lebanon Steel Fdy. 

R. B. Cottrell, American Steel Foundries George Kalon, Det. Arsenal, U. S. Army, Ord. Dept. 
Harry Day, Auto Specialties Mfg. Co. R. R. Kennedy, Wright-Patterson, Air Force Base 
A. W. Demmler, Campbell, Wyant & Cannon Fdy. Co. C. F. Lauenstein, Link-Belt Co. 

C.K. Donoho, American Cast Iron Pipe Co. C. H. Lorig, Battelle Memorial Institute 

J. A. Durr, Erie Malleable Iron Co. J. J. Manganello, Chrysler Corp. 


T. E. Eagan, Cooper-Bessemer Corp. 
PANEL C—AUTOMOTIVE 


H. B. Knowlton, Chairman, International Harvester Co. 
R. E. VanDeventer, Vice-Chairman, Packard Motor Car Co. 


A. Granik, General Motors of Canada, Lid. Re 
A. W. F. Green, Allison Div., GMC R. 
R. J. Griffin, Saginaw Steering Gear Div., GMC WwW. 
Joseph Gurski, Ford Motor Co. A. 
W. J. Harris, Studebaker Corp. C. 
J.B. Johnson, Wright-Patterson Air Force Base A. 
H. H. Lurie, Cummins Engine Co. T. M. Snyder, Continental Motors Corp. 
E. O. Mann, Chevrolet Motor Div., GMC E. H. Stilwill, Chrysler Corp., Dodge Div. 

A 

L. 

8. 

F. 

Cc. 


Roush, Yimken-Detroit Azle Co. 
Schenck, Buick Motor Div., GMC 


R. R. Abbott, White Motor Co. W. 

B. 

C. Schulte, Curtiss-Wright Corp. 
Py 

F. 

H. 


hn Anglim, Nash-Kelvinator Corp. 

. J. Bates, Fairfield Mfg. Co. 

. J. Belz, Gemmer Mfg. Co. 

. F. Bittner, Detroit Gear Div., Borg-Warner Corp. 
. L. Boegehold, Res. Labs. Div., GMC 

D. Bonham, Glendale, Calif. 

. Clements, Wright Aeronautical Corp. 

. E. Day, Jr., Mack Mfg. Corp. 

cid. Piedesola, Autocar Co. 

. C. Farnsworth, GMC Truck & Coach Div., GMC 
pS 

PAS 

tA 


Schweizer, Motor Wheel Corp. 
Smart, Pontiac Motor Div., GMC 
Smith, Cadillac Motor Car Div., GMC 


R. L. Mattson, Res. Labs. Div., GMC nthony Wagner, Hudson Motor Car Co. 

J. C. Mertz, Pratt & Whitney Aircraft, Div. United E. Webb, Clark Equipment Co. 
Aircraft Corp. L. Widrig, Spicer Mfg. Corp. 

Earl L. Morrison, Budd Co. C. Young, Ford Motor Co. 

R. J. Peters, Warner Gear Div., Borg-Warner Corp. E. Zwahl, Chevrolet Motor Div., GMC 


Forrester, Jr., Ford Motor Co. 
Frischman, Eaton Mfg. Co. 
Goepfort, Ross Gear & Tool Co. 


Q4HOSS orp mam 


PANEL D—TRACTOR AND EARTHMOVING 


J. E. Spittle, Chairman, Ford Motor Co. 
S. R. Hedges, Vice-Chairman, Minneapolis-Moline Co. 


Henry Hauseman, LaPlant-Choate Mfg. Co., Inc. 
Karl Henrikson, Link-Belt Speeder Corp. 

E. A. Hunt, Massey-Harris Co. 

Harold Jeter, R. G. LeTourneau, Inc. 

F. T. McGuire, Deere & Co. 

C. 8. Moody, Northwest Engrg. Co. 

W. H. Naegely, J. I. Case Co. 


Frank Pyratel, Oliver Corp. 

G. C. Riegel, Caterpillar Tractor Co. 

J. E. Scandling, Marion Power Shovel Co. 
O. B. Shultz, Lima Hamilton Corp. 

E. H. Snyder, Austin-Western Co. 

G. N. Wedlake, Cockshutt Plow Co., Lid. 
R. C. Woodward, Bucyrus-Erie Co. 


H. Bornstein, Deere & Co. 

J. H. Clark, International Harvesier Co. 

C. H. Crawford, David Bradley Mfg. Wks. 
Alex. Finlayson, Pacific Car & Foundry Co. 
John Frantzreb, J. D. Adams Mfg. Co. 
M. L. Frey, Allis-Chalmers Mfg. Co. 

L. L. Gilbert, Cleveland Cletrac Div., Oliver Corp. 
A. J. Gillespie, Thew Shovel Co. 


3 PANEL E—MISCELLANEOUS USERS 


L. A Danse, Chairman, General Motors Corp. 
F, P. Zimmerli, Vice-Chairman, Barnes-Gibson-Raymond Div., Associated Spring Corp. 


R. L. Adams, National Supply Co. A. L. Hartley, Cincinnati Milling Machine Co. R. W. Schlumpf, Hughes Tool Co. 
E. K. Brown, Torrington Co. C. L. Harvey, Lamson & Sessions Co. C. H. Shelton, Tyson Bearing Corp. 
H. D. Bubb, Jr., Thompson Products, Inc. N. E. Hendrickson, Laguna Beach, Calif. W. A. Silliman, Willoughby, Ohio 
A. F. Christian, Wyman Gordon Co. C. T. Hewitt, Fafnir Bearing Co. F. C. Smith, Tube Turns, Inc., 
T. L. Counihan, Hyatt Bearings Div., GMC E. L. Holladay, U. S. Army Ordnance Dept.—( Alt.) W. L. R. Steele, Haton Mfg. Co. 
L. A. Cummings, Marlin-Rockwell Corp. A. Hurlich, Watertown Arsenal H. Styri, SKF Industries, Inc. 
L. J. Danis, Eaton Mfg. Co. A. F. Ilacqua, American Steel & Wire Co. N. C. Talmage, L. A. Young Spring & Wire Corp. 
A. H. D’Arcambal, Pratt & Whitney Div., Niles-Bement- J. J. Kanter, Crane Co. R. S. Thompson, Washburn Wire Co. 
Pond Co. L. * Lanning, New Departure Die, GMC E. J. Tompkins, Central Steel & Wire Co. 
N. L. Deuble, Climaz Molybdenum Co. H. R. Lewis, Ohio Seamless Tube Co. E. E. Wagner, Hoover Ball & Bearing Co. 
E. O. Dixon, Ladish Drop Forge Co. O. W. McMullan, Bower Roller Bearing Co. J. M. Watson, Highland Park, Mich. 
J. H. Fisher, Landis Tool Co. N. L. Mochel, Westinghouse Electric Corp. T. R. Weber, Rwy. Steel-Spring Div., American Loco- 
R. A. Frye, Westinghouse Electrie Corp. G. P. Nelson, L. A. Young Spring & Wire Corp. motive Co. 
T. S. Fuller, General Electric Co. E. G. Peckham, Buick Motor Div., GMC B.B. Wescott, Gulf Research & Develop. Co. 
M. F. Garwood, Chrysler Corp. 8. R. Prance, Inland Mfg. Div., GMC C. W. Wheatley, A. O. Smith Corp. 
Y, P. Gilligan, Henry Souther Engineering Co. A. E. Proctor, Ford Motor Co. T. E. Worley, American Steel Foundries 
J. R. Gustafson, Ford Motor Co. E. 8. Rowland, Timken Roller Bearing Co. F. L. Wright, Norma-Hoffmann Bearings Corp. 


920 1951 SAE HANDBOOK 


CONSULTATION IS INVITED ON TECHNICAL 
PROBLEMS INVOLVING THE FABRICATION, 


TREATMENT, PROPERTIES AND PERFORM- 
ANCE OF ALLOYS CONTAINING NICKEL. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


DETROIT TECHNICAL FIELD SECTION 


Development and Research Division 


F. J. WALLS E. J. HERGENROETHER R. W. MASON 


GENERAL MOTORS BLDG.; DETROIT 2, MICHIGAN 
Phone: Madison 3436 
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. W. Anklam, C. M. Hall Lamp Co. 

. G. Bauer, International Harvester Co. 
I. Beltz, 
. H. Bertsche, GMC Truck & Coach Div., GMC 

. K. Braundsdorff, Tung-Sol Lamp Works, Inc. 

. E. Carpenter, Westinghouse Electric Corp. 

. L. Cross, Jr., Dept. of Motor Veh., State of Conn. 
. B. Dettmer, Griffin Lamp Co. 
aw. 
ae: 
iB: 


Ford Motor Co. 


Devine, Mass. Reg. of Motor Veh. 
Dickson, Chrysler Corp. 
Donley, Columbus Metal Prods. Co., Inc. 


Harr sera 7Z0 


BULBS—V. J. Roper, Chairman 
LAMPS—H. C. Mead, Chairman 


LIGHTING COMMITTEE 


(G. A. Delaney, Sponsor) 
Carlson, Chairman, T’ung-Sol Lamp Works, Inc. 
Roper, Vice-Chairman, General Electric Co. 


E. 
J. 
. N. Falge, Guide Lamp Div., GMC 
. M. Finch, University of California 


. J. Heine, Mack Mfg. Co. 
. Johnson, William Hood Dunwoody Industrial 


POOR ay 


~ 


L 
nst 
. P. Kelly, Willys-Overland Motors, Inc. 
. J. Kent, Chrysler Corp. 

. F. Ling, Corning Glass Works 

F. Little, Electrical Testing Labs. 

L. Mappes, K-D Lamp Div., Noma Elec. Corp. 
. C. Mead, Guide Lamp Div., GMC 


abode 
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L. C. Nyman, Cole-Hersee Co. 

Delio Perez, Lamp Div., Electric Auto-Lite Co. 

P. P. Polko, International Harvester Corp. 

Louis Reznek, Bur. of Motor Carriers, Interstate Com- 
merce Comm. 

J. J. Rodak, Ford Motor Co. 

J. J. Shanley, Motor Veh. Dept., State of N. J. 

F. C. Stromatt, Kaiser-Frazer Corp. 

E. H. Tucker, General Electric Co. 

T. E. Wagar, Studebaker Corp. 


(SAE Staff, D. Blanchard) 


REFLEX REFLECTORS—W. F. Little, Chairman 
SOCKETS—L. C. Nyman, Chairman 


MARINE PROPELLER-SHAFT AND COUPLING COMMITTEE 


D.T. Abbott, Columbian Bronze Corp. 

G. W. Beulke, Twin Disc Clutch Co. 

N.J. Brazell, Bureau of Ships, Code 654, U.S. Navy Dept. 
W. F. Burchfield, International Nickel Co., Inc. 


G. L. McCain, Chairman, Chrysler Corp. 


Paul Engstrom, Gray Marine Motor Co. 
L. S. LeGros, Scripps Motor Co. 

D. E. McCready, Grand Rapids, Mich. 
C. H. Morris, Chrysler Corp. 


D.M. Pierpont, Snow-Nabstedt Gear Corp. 
P. H. Richardson, Paragon Gear Wks., Inc. 
P. G. Tomalin, U. S. Coast Guard, Naval Engrg. Div. 


(SAE Staff, D. L. Staiger) 


NONFERROUS METALS COMMITTEE 


J. K. Anthony, Cleveland, Ohio 

Branch Rec., Nayy Dept., Bureau of Ordnance 
H, F. Brinen, Young Radiator Co. 

Bureau of Ships, Code 350, U. S. Navy Dept. 
J. M. Ciborski, National Lead Co. 

B. Clements, Wright Aeronautical Corp. 

E. E. Ensign, Ford Motor Co. 

P. V. Faragher, Aluminum Co. of America 

C. C. Faweett, Frankford Arsenal—(Alt.) R. W. White 
J. R. Freeman, Jr., American Brass Co. 

E. T. Johnson, Chrysler Corp. 


W. Bonsack, Christiansen Corp. 
B. Clements, Wright Aeronautical Corp. 


G. C. Farnsworth, GMC Truck & Coach Div., oie 
W. J. Harris, Studebaker Corp. - 


J. G. G. Frost, Alum. & Magnesium, Inc. 


J. K. Anthony, Cleveland, Ohio 
J. M. Ciborski, National Lead Co. 
E. E. Ensign, Ford Motor Co. 


(Harry Bernard, Sponsor) 
W.E. Day, Jr., Chairman, Mack Mfg. Corp. 
J. Gurski, Vice-Chairman, Ford Motor Co. 


J. B. Johnson, Wright-Patterson Air Force Base 

R. G. Krupp, Mueller Brass Co. 

L. M. Lawton, Harrison Div., GMC 

L. M. Long, Leighton M. Long & Assoc. 

C. R. Maxon, New Jersey Zinc Co., Inc. 

W. E. McCullough, Bohn Alum. & Brass Corp. 

J. C. McDonald, Dow Chemical Co. 

D. H. Mead, Revere Copper & Brass, Inc., Dallas Div. 
J. C. Mertz, Pratt & Whitney Aircraft, Div. 
Aircraft Corp. 


SUBCOMMITTEES 
CAST ALUMINUM 


C. F. Nixon, Chairman, Fisher Body-Ternstedt Div. GMC 


E. E. Ensign, Ford Motor Co. 

P. V. Faragher, Aluminum Co. of America 
WROUGHT ALUMINUM 

P. V. Faragher, Chairman, Aluminum Co. of America 


W. E. McCullough, Bohn Alum. & Brass Corp. 
J.C. McGee, Wright-Patterson Air Force Base 
F. H. Mason, Chrysler Corp. 


CAST AND WROUGHT MAGNESIUM 


BEARING AND BUSHING ALLOYS 
E. T. Johnson, Chairman, Chrysler Corp. 


B. W. Gonsor, Battelle Memorial Inst. 

G. J. LeBrasse, Federal-Mogul Res. 

H. W. Luetkemeyer, Cleveland Graphite Bronze Co. 
W. E. McCullough, Bohn Alum. & Brass Corp. 


United 


W. A. Mudge, International. Nickel..Co., Inc. 
C. F. Nixon, Fisher Body—Ternstedt Div.,, GMC 
W. C. Schulte, Curtiss-Wright Corp., Propeller Div. 
H. G. Schwab, Bunting Brass & Bronze Co. 
C. J. Tobin, Res. Labs. Div., GMC 

R. E. VanDeventer, Packard Motor Car Co. 

A. E. Weiss, Superior Die Casting Co. 

I. V. Williams, Bell Telephone Labs. 


(SAE Staff, R. C. Sackett) 


J. C. McGee, Wright-Patterson Air Force Base 
R. B. Smith, Reynolds Metals Co. 


A. L. Rustay, Wyman-Gordon Co. 
R. B. Smith, Reynolds Metals Co, 


. MeDonald, Chairman, Magnesium Labs., Dow Chemical Co. 


J. R. Burns, Dow Chemical Co. 


C. J. Miller, Kaiser-Frazer Corp. 
A. F. Underwood, Res. Labs. Div., G M C 
R. E. VanDeventer, Packard Motor Car Co. 


CAST AND WROUGHT COPPER AND COPPER-BASE ALLOYS 


J. K. Anthony, Cleveland, Ohio 

D. M. Bigge, Chrysler Corp. 

L. C. Blomstrom, Federal Mogul Corp., Greenville Div. 
(Alt.) G. J. LeBrasse, Federal Mogul Res. 


J.M. Ciborski, National Lead Co. 
J. Gurski, Ford Motor Co. 


J. Gurski, Chairman, Ford Motor Co. 


W. J. Diederichs, Autocar Co. 

J. R. Freeman, Jr., American Brass Co. 

R. G. Krupp, Mais Brass Co. 

H. W. Luetkemeyer, Cleveland Graphite Bronze Co. 


METAL JOINING MATERIALS 


W.C. Schulte, Chairman, Propeller Div., Curtiss-Wright Corp. 


A.M. Setapen, Handy & Harman 


H. Mead, Revere Copper & Brass, Inc., Dallas Div. 
E. Ricksecker, Chase Brass & Copper Co. 

F. Smart, Pontiac Motor Div., GMC 

A. Smith, Jr., American Smelting & Ref. Co. 


POS 


E. C. Smith, Republic Steel Corp. 
H. Sparks, Chrysler Corp. 


29 1951 SAK HANDBOOK 


Vy" x 1Y%4"—75 S.T. Aluminum Hole Filling 
Close Tolerance Head Yy Pull Together 


This photograph shows an unretouched \ Gas and Water Tight 


cut-away section of a Lockbolft. Alloy Steel Swaged Collar, cannot loosen 


@ruck Lockbolts speed up assembly rates—each @iuck Lockbolts provide optimum tightness without 
two-man team can install 30 fasteners per minute. torque wrenching. 


Driving Tool Driving Tool 
Pull Nose y . Pull Rory 


) —= INSERT cen) “t= DRIVE —<@= INSTALLED 


Caine MANUFACTURING CO. 


2480 BELLEVUE AVE. e DETROIT 7, MICH. 


@ Up to 35% 
Lighter in Weight 


@ 80% Less Down 


Time for Servicing 


MECHANICS MECHANICS 


UNIVERSAL JOINT 


Roller Bearing DIVISION 
UNIVERSAL JOINTS Borg-Warner 


For Cars « Trucks - Busses and Industrial Equipment Rockford, Illinois 


/ 
/ 
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NONFERROUS METALS COMMITTEE (CONTINUED) 


SUBCOMMITTEES 


(CONTINUED) 


MISCELLANEOUS ALLOYS 
W. A. Mudge, Chairman, International Nickel Co., Inc. 


R. R. Abbott, White Motor Co. 
E. E. Ensign, Ford Motor Co. 
B. L. Johnson, Jr., Mack Mfg. Corp. 


R. P. Koehring, Moraine Prod 


. Div., GMC 
C. R. Maxon, New Jersey Zinc Co., Inc. 
L. J. Printz, Amplez Div., Chrysler Corp. 


T. M. Snyder, Continental Motors Corp. 
W. R. Toeplitz, Bound Brook Oil-Less Bearing Co. 


NONMETALLIC MATERIALS COMMITTEE 


W. M. Phillips, Chairman, Rubber & Plastics Labs., 


GMC 


W. J. McCortney, Vice-Chairman, Chrysler Corp. 


R. R. Abbott, White Motor Co. 

Bureau of Ships, Code 350, U. S. Navy Dept. 
J.M. Gauss, Studebaker Corp. 

J. W. Greig, Woodall Industries, Inc. 

P. L. Hehman, Packard Motor Car Co. 

P. W. House, Delco-Remy Div., GMC 


B. F. Jones, Autocar Co. 


Aircraft Corp. 


J. C. Mertz, Pratt & Whitney Aircraft, 


J. N.B. Miller, Glenn L. Martin Co. 
H. A, Polderman, Caterpillar Tractor Co. 


Gerald Reinsmith, U.S. Army, Ordnance Dept.—(Alt.) 
W. D. England, Detroit Arsenal 
C. R. Reller, Minneapolis-Moline Co. 
G.M. Schantz, Mack Mfg. Corp. 
H.M. Schudt, Allis-Chalmers Mfg. Co. 
J. P. Wilson, Detroit, Michigan 
(SAE Staf, R. S. Burnett) 


Div. United 


SUBCOMMITTEES 


ACOUSTICAL MATERIALS—J. P. Wilson, Chairman 
CLASSIFICATION FOR PLASTICS—N. J. Rakas, Chairman 
FELT SPECIFICATIONS—H. R. Wolf, Chairman 


FIBER AND PAPERBOARD—J. W. Greig, Chairman 
HYDRAULIC-BRAKE FLUIDS—F. J. Markey, Chairman 
SAE NUMBERS FOR RUBBER PRODUCTS—J. P. Wilson, Chairman 


PARTS AND FITTINGS COMMITTEE 


(A. T. Colwell, 


Sponsor) 


E. G. Schubert, Chairman, Ford Motor Co. 


W. L, Barth, General Motors Corp. C. H. Crawley, Weatherhead Co. 
Bureau of Ships, Code 350, U. 8S. Navy Dept. C. G. Davey, AC Spark Plug Div., GMC 
R. R. Burkhalter, Trans. Div., Spicer Mfg. Div. of W.M. Hanneman, Illinois Tool Works 
Dana Corp. W. E. Harrison, Chrysler Corp., Plymouth Div. 
G. Carvelli, Wright Aeronautical Corp. H. 8. Jandus, Detroit Bumper Div., Houdaille-Hershey 
Corp. 


H. A. Marchant, Chrysler Corp. 

G. L. McCain, Chrysler Corp. 

Harold Nutt, Borg & Beck Div., Borg-Warner Corp. 
J. G. Perrin, Springfield, Mass. 

T. R. Thoren, Thompson Products, Inc. 


(SAE Staff, D. L. Staiger) 


SUBCOMMITTEES 


BALL JOINTS—C. H. Dilg, Chairman 
HOSE CLAMPS—W. E. Harrison, Chairman 


INVOLUTE SPLINES AND SERRATIONS—G. L. McCain, Chairman 
SPLINE GAGING—G., L, McCain, Chairman 


PASSENGER-CAR BODY ENGINEERING COMMITTEE 


(A, G. Herreshoff, Sponsor) 
E. C. DeSmet, Chairman, Willys-Overland Motors, Inc. 


E. L. Allen, Schonitzer Engineering Co. P. C. Johnson, Willys-Overland Motors, Inc. 
L. M. Ball, Chrysler Corp. F. W. Kateley, ACF-Brill Motors Co. 

I, L. Carron, Carron & Co. C. F. Kramer, Ford Motor Co. 

K. E. Coppock, Fisher Body Div., GMC T. W. Loring, Oldsmobile Div., GMC 

H. A, Flogaus, Wallingford, Pa. E. J. Luxmoore, Chevrolet Motor Div., GMC 
W. A. Graf, Budd Co. G. J. Monfort, Chrysler Corp. 

J. Ww. Greig, Woodall Industries, Inc. E. C. Pickard, Ford Motor Co. 


SUBCOMMITTEES 


D. G, Renno, Birmingham, Mich. 
L, A. Stewart, American Coach and Body Co. 
W. J. Tell, Cadillac Motor Car Div., GMC 
R. A. Terry, Chrysler Corp. 
Trygve Vigmostad, Briggs Mfg. Co. 
J.C. Widman, Ford Motor Co. 
H. V. Woodward, Chevrolet Motor Div., GMC 
(SAE Staff, R. C. Sackett) 


AUTOMOTIVE SEATING—E. C. Pickard, Chairman 
BODY INSULATION MATERIALS—L. M. Ball, Chairman 
CYLINDER LOCKS AND KEYS—E. L. Allen, Chairman 
FIBREBOARD STANDARDS—J. W. Grieg, Chairman 
MOLDINGS AND CLIPS—D. R. Stamy, Chairman 


NOMENCLATURE—H. V. Woodward, Chairman 

WINDOW AND DOOR GLASS—E. J. Luxmoore, Chairman 

WINDOW-GLASS RUNWAYS AND CHANNELS—G. J. Monfort, Chairman 

WINDOW REGULATORS AND INSIDE DOOR LOCK HANDLES—T. Vig- 
mostad, Chairman 


RIDING COMFORT RESEARCH COMMITTEE 


Robert N. Janeway, Chairman, Chrysler Corp. 


Commanding General (Att: Howard A. Magrath), 
Wright-Patterson Air Force Base 

J.M. Nickelsen, University of Michigan 

B. E. O’Connor, Houde Engrg. Div., Houdaille-Hershey 
Corp. 

Maurice Olley, Vauzhall Motors, Ltd. 

V. D. Polhemus, General Motors Corp. 


L. M. Ball, Chrysler Corp. 

W.S. Berry, Nash-Kelvinator Corp. 

Arthur Bodeau, Ford Motor Co. 

R. W. Brown, Firestone Tire & Rubber Co. 

H. E. Fox, GMC Truck & Coach Div., GMC 

Tore Franzen, Chrysler Corp. 

David E. Goldman, Naval Medical Research Institute 
W. E. Lay, University of Michigan 


E. F. Rossman, Delco Products Div., GMC 

Herman P. Roth, University of California 

Robert Schilling, Res. Labs. Div., GMC 

John L, Searle, Detroit Steel Products Co. 

Harcourt Sontag, Bureau of Aeronautics, Dept. of the 
Navy 

C. A. Tea, Engrg Lah., Ford Motor Co. 


(SAE Staff, R. C. Sackett) 
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HELI-COIL SCREW THREAD INSERTS 
ELIMINATE ALL SCREW THREAD TROUBLES 


Designers and production men face special prob- 
lems in threading all materials for assembly .. . 
problems concerned with the strength, durability 
and serviceability of threads. 


’ 


Product failure frequently results from thread 
troubles such as wear, stripping, vibration, abra- 
sion, corrosion, galling, seizure and electrolysis. 


These problems are not peculiar to the light 
metals and plastics but occur in all metals, even 
iron and steel, and in die-castings and centrifugal 
castings. 

All the problems of thread wear and thread failure 
can now be eliminated by the use of Heli-Coil Screw Thread Inserts—and 
we repeat: ELIMINATED! 


WHAT ARE HELI-COIL INSERTS? 


They are precision-formed coils of stainless steel wire which fit into the 
tapped hole between the male thread of the stud or bolt and the female 
thread of the mating member. 


WHAT DO HELI-COIL INSERTS DO? 


They meet all military, industrial and aircraft requirements for vibration, 
fatigue, tension and torsion loads. They save as much as 75% in weight 
of metal, and up to 50% in space compared with solid bushings. They 
permit better design with smaller bosses and flanges. They permit re- 
peated assembly and disassembly without wear, and provide complete 
protection against thread: wear, abrasion and corrosion. 


WHAT ARE THEIR SPECIFICATIONS? 


They are designed for National Coarse and Fine Threads, taper pipe 
threads, automotive and aviation spark plug threads. Made in all standard 
sizes and lengths and precision-formed for Class 3 fit. Heli-Coil Inserts and 
suitable taps and gages are also available for Class 2 and 2B. 


The A-B-C of Heli-Coil protection. Standard 
holt fits in Heli-Coil Insert inside oversize tap. 


WHAT DO HELI-COIL INSERTS 
OFFER THE DESIGNER? 


Simpler design . . . fewer bolts, shorter thread engagements, no costly 
solid bushings, lighter boss and flange design, no through-holes where 
blind holes are better. 

Simpler assembly . . . no secondary machining. 

Lower Cost... 75% less than solid bushings. 

Less Space . . . 50% less than solid bushings. 

Greater strength, even in short thread engagements. 


Complete freedom from screw thread 
damage . . . outlasts the product. 


HELI-COIL INSERTS AID 
PRODUCTION SALVAGE 


Castings or parts rejected because of production error or failure in drilling 
or tapping can now be quickly and economically salvaged with Heli-Coil 
Inserts. Easily installed, they are invisible to the eye and provide a 
stronger, better assembly and fit than the original design. 

One prominent automotive manufacturer saved over $200,000 in 1950 
by salvaging castings with Heli-Coil Screw Thread Inserts. 

With material shortages and higher production costs, you cannot afford 
to scrap or remelt castings solely because of drilling or tapping error. 


i 


HELI-COIL INSERTS FACILITATE 
MAINTENANCE AND REPAIR 


Weak, worn or damaged threads—rusted, “frozen” or wobbly bolts and 
cap screws are the cause of frequent maintenance and repair problems. 
Solve them economically, easily and on the spot with Heli-Coil Inserts— 
the retread for screw threads. These precision-formed inserts of stainless 
steel wire permanently repair and restore any and all threads. They 
add strength, permanent protection, and are forever free from galling, 
seizure or corrosion. 


Rene 


eat © 


Drawing shows typical strains imparted to block through 
worn threads (left). Heli-Coil Inserts of stainless steel wire 
eliminate strains on mating member (right). 


Eliminate further down-time of valuable equipment, speed up assembly 
and disassembly with Heli-Coil Inserts and get rid of your inventory of 
oversize nuts, bolts and studs. 


HELI-COIL INSERTS ARE 
QUICKLY AND EASILY INSTALLED 


Whether by power tool or by 
hand the installation of Heli-Coil 
Inserts consists of only 3 simple 
steps which are easily and 
quickly done by any mechanic, 


(1) Drill with appropriate 
drill of proper size. 

(2) Tap with genuine Heli- 
Coil tap of recommend- 
ed size. 

(3) Install Heli-Coil Insert 
with simple Heli-Coil 
hand tool or power tool. 


Send for Heli-Coil bulletin 
650 showing complete Design 
Data and bulletin 349 on Sal- 
vage and Service. Typical draw- 
ings are shown for guidance in 
specifying Heli-Coil Inserts... 
specifications given for blind- 
hole & through-hole installation. 
Tabulations show Heli-Coil In- 
serts, tools & gages to be used 
for National Coarse & Fine 
Thread series, automotive & 
aviation spark plug threads. 


WL 
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Cross-section of blind hole with 
thread protected by Heli-Coil Insert. 


HELI-COIL 


Protecting Screw Threads for Industry 
Heli-Coil 
is a registered 


U.S. Tradename CORPORATION 


47-297 THIRTY-FIFTH STREET, LONG ISLAND CITY 1, NEW YORK 
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SCREW THREADS COMMITTEE 


(G. A. Delaney, Sponsor) 
R. G. Cummings, Chairman, Ford Motor Co. 


R. F. Holmes, Vice-Chairman, AC Spark Plug Div., GMC 


W. L. Barth, General Motors Corp. 

W. G. Baule, Borg-Warner Corp., Detroit Gear Div. 

H. B. Bothwell, U. S. Naval Gun Factory 

Earle Buckingham, Mass. Institute of Technology 

G. Carvelli, Wright Aeronautical Corp. 

P. M. Delzell, Dearborn, Mich. 

Harold Fisher, Bendix Products Div., Bendix Aviation 
Corp, 
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D. M. Brown, International Harvester Co. 
H. H. Clark, Eaton Mfg. Co. 

P. E. Eckberg, H. K. Porter Co. 

H. J. Elmendorf, American Steel & Wire Co. 
J. R. Gustafson, Ford Motor Co. 

N. E. Hendrickson, Laguna Beach, Calif. 


B. Hambleton, Col., Brielle, N. J. 

F. Hillring, Studebaker Corp. 

L. Houser, International Harvester Co. 
W. Johnson, Kaiser-Frazer Corp. 

M. Kronstadt, U. S. Naval Gun Factory 
A. Marchant, Chrysler Corp. 

J. Muth, Allis-Chalmers Mfg. Co. 

G. 


18h 
L. 
12, 
H. 
A. 
H. 
H: 
J. Perrin, Springfield, Mass. 


SPRING COMMITTEE 


(R. R. Teetor, Sponsor) 
Tore Franzen, Chairman, Chrysler Corp. 


H. C. Keysor, American Steel Foundries 

F. B. Nair, Falls Spring & Wire Co. 

R. M. Neff, Chevrolet Motor Div., GMC 

George Nelson, L. A. Young Spring & Wire Corp. 
E. G. Peckham, Buick Motor Div., GMC 

R. J, Renwick, Ford Motor Co. of Canada, Ltd. 


SUBCOMMITTEES 


F. E. Richardson, Munitions Bd. Stds. Agency, National 
Military Est. 

K. G. Roth, Mack Mfg. Corp. 

F, E. Storey, Packard Motor Car Co, 

F. P. Tisch, Pheoll Mfg. Co. 

W.G. Waltermire, Lamson & Sessions Co. 

C. D. Walters, Willys-Overland Motors, 
R. A. Girard 

W. C. Zweier, White Motor Co. 

(SAE Staff, D. L. Staiger) 


Ine —( Alt.) 


Robert Schilling, General Motors Corp. 
Bernhard Sterne, Chrysler Corp. 
A.M. Wahl, Westinghouse Electric Corp. 
T. R. Weber, American Locomotive Co. 
F. P. Zimmerli, Barnes-Gibson-Raymond Div., Associated 
Spring Corp. 
(SAE Staff, R. C. Sackett) 


BELLEVILLE TYPE SPRINGS—A. M. Wahl, Chairman 
COLD WOUND SPRINGS—F. P. Zimmerli, Chairman 


HOT WOUND SPRINGS—H. C. Keysor 
LEAF SPRINGS—Bernhard Sterne 


SURFACE FINISH COMMITTEE 


E. G. Boden, Timken Roller Bearing Co. 
Gustaf Carvelli, Wright Aeronautical Corp. 
D. N. Christian, Brush Development Co. 

L. M. Dalcher, Fairbanks-Morse & Co. 
Hans Ernst, Cincinnati Milling Maching Co. 
Harold Fisher, Bendiz Products Division 


H. L. Brock, Ford Motor Co, 

B. E. Campbell, Harry Ferguson, Inc. 

John Cole, Dunlop Tire & Rubber Corp. 

J. M. Davies, Caterpillar Tractor Co. 

H. W. Delzell, B. F. Goodrich Co. 

G. R. Donaldson, B. F. Goodrich Rubber Co. 
George Flint, Rubber Manufacturers Assn. 


AIR-CLEANER TEST CODE—W. H. Worthington, Chairman 


DISC WHEELS—L. B. Neighbour, Chairman 
FUELS—W. F. Strehlow, Chairman 


(R. R. Teetor, Sponsor) 
A. F. Underwood, Chairman, Res. Labs. Div., GMC 


R. J. Greenshields, Shell Oil Co. 
Paul Huber, Fram Corp. 

J. E. Kline, Micromatic Hone Corp. 
A. G. Laas, Studebaker Corp. 
Clayton Lewis, Chrysler Corp. 

T. M. Logan, Catepillar Tractor Co. 


TRACTOR COMMITTEE 


(L, A. Gilmer, Sponsor) 
W. F. Strehlow, Chairman, Allis-Chalmers Mfg. Co. 
Tolmar Nelson, Vice-Chairman, J. I. Case Co. 


A. E. Grainger, Goodyear Tire & Rubber Co. of Canada, 


Lid. 
C. A. Hubert, International Harvester Co. 
A.W. Lavers, Lavers Engrg. Co. 
I. F. MacRae, Cockshutt Plow Co., Lid. 
C. H. Morris, Chrysler Corp. 
G. F. Mullin, Firestone Tire & Rubber Co. 


SUBCOMMITTEES 


. R. McFarland, Packard Motor Car Co. 
.C. Richmond, International Harvester Co. 
. L. Stevens, Ford Motor Co. 
. P. Trowbridge, Res. Labs, Div., GMC 
.C. Turkish, Eaton Mfg. Co. 
. W. Young, Pratt & Whitney Aircraft 

(SAE Staff, R . C. Sackett 
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E. B. Munson, Montgomery Ward & Co. 
§. F. Palmer, Firestone Tire & Rubber Co. of Canada 
Lid, 

L. S. Pfost, Massey-Harris Co. 

J. W. Shields, U. S. Rubber Co. 

R. W. Sohl, Goodyear Tire & Rubber Co. 

B. G. VanZee, Minneapolis-Moline Power Implement Co. 

W. H. Worthington, John Deere Waterloo Tractor Wks. 
(SAE Staff, R. C. Sackett) 


LIGHTING AND CONTROLS —B. G. VanZee, Chairman 


SPARK AND FLAME ARRESTERS—W. W. Lowther, Chairman 
TEST CODE—J. M. Davies, Chairman 


GARDEN TRACTOR TIRES—A. W. Lavers, Chairman 


TRANSPORTATION AND MAINTENANCE COMMITTEE 


W. D. Bixby, United Parcel Service of N. Y ., Inc. 
Linn Edsall, Philadelphia Electric Co. 

J. A. Harvey, Pittsburgh Motorceach Co. 

E. N. Hatch, Nassau County Dept. of Franchises 


CLASSIFICATION AND EVALUATION OF TRANSPORTATION ENGI- 
NEERING FORMULAS—F. B. Lautzenhiser, Chairman 


(M. E, Nuttila, Sponsor) 
E. P. Gohn, Chairman, Atlantic Refining Co. 


C, C. Hudson, Tennessee Valley Authority 
G. W. Johnson, Bowman Dairy Co. 

A. W. Neumann, Willett Co. 

M.E. Nuttila, Cities Service Oil Co. 


SUBCOMMITTEES 


. Preble, Tide Water Associated Oil Co. 
. Steigerwalt, Suppllee-Wills-Jones Milk Co. 


T.L 
HG 
W.A. Taussig, Burlington Truck Lines, Inc. 
E.W 


. Templin, L. A. Dept. of Water & Power 


(SAE Staff, D, L. Staiger) 


RATING OF WINCHES—C. C. Hudson, Chairman 
LOADING PLATFORM HEIGHTS—A. W. Neumann, Chairman 


al 


26 1951 SAE HANDBOOK 


FOR 
SIMPLIFIED 
PARTS DESIGN 

-EASIER FABRICATION 


BsW 


Steel 
TUBING 


You can improve and simplify product design—make 
many forming, machining, and welding operations 
easier — with B&W Tubing, because it provides the 
properties you need in your finished product—but in 
“Staines seels—B&W Croloys 12 to 27 e combination you need for easy fabrication. 
Intermediate chrome poyeso alloys — B&W : th y y 

oF ih to 9 e : : ° . 
SAE AISI olloys ond niteolloy siecle B&W tubing is made in stainless, alloy, and carbon 


Nickel steels —B&W Nicloys 314, 5, ond 9 : steels, seamless and welded, hot-finished, cold-drawn, 
Carbon molybdenum steels—in various grades 


Gorbon steels—in vorious grades _ or rocked, in a wide range of sizes, and in various sur- 
SIZE RANGE face finishes and heat-treated conditions, so that you 
§ ee : : . 
Oe oe dometr ae reade of 7 can select the most economical tubing for your specific 
SURFACE FINISHES = Cs manufacturing procedure and end-use. 
_ Asrolled, as drawn, as welded, flash removed, turne a : J 
scole-free, and polished _ _ CS And you can be sure of getting the properties and 
SPECIFICATIONS isti i i 
_ Made to any of the. andar a cous ications such a characteristics you wane every: foot of B&W Tubing, 
those of the ASTM and U. S. Government because manufacturing methods at B&W keep tubing 
QUALITY : quality consistently uniform. 


- Open-hearth and eleciric fur acce lech, including : 
of and magnaflux qualities : 


For help in finding the tubing best suited to your 
particular use, feel free to call on our technical staff. 
Their broad experience in tubing applications can be 
of value to you. 


TA-1599-G 


THE BABCOCK & WILCOX TUBE CO. 


General Offices: Beaver Falls, Pennsylvania Plants: Beaver Falls, Pennsylvania and Alliance, Ohio 


| 


j 


1951 SAE HANDBOOK 


W. F. Benning, Willys-Overland Motors, Inc. 

J.J. Black, Trailmobile Co. 

C. J. Bock, GMC Truck & Coach Div., GMC 

R. E. Busey, Ford International Inc. 

Robert Cass, White Motor Co. 

L. A. Chaminade, Chevrolet-Central Office, Div. of GMC 
E. N. Hatch, Nassau County Dept. of Franchises 


TRACTOR SEMI-TRAILER CONNECTIONS—B. F. Jones, Chairman 
AUXILIARY EQUIPMENT FOR TRUCKS AND BUSES—R. K. Hatch, Chair- 


man 


MEASUREMENT OF AUTOMOTIVE EXHAUST SMOKE—J, C. Miller, Chair- 


man 


TRUCK AND BUS COMMITTEE 


(B. B. Bachman, Sponsor) 


W. P. Michell, Chairman, Spicer Mfg. Div. of Dana Corp. 
L. R. Buckendale, Vice-Chairman, Timken-Detroit Azle Co. 


R. K. Hatch, Gar Wood Industries, Inc. 

H. H. Hooker, Eaton Mfg. Co. 

S. A. Jeffries, Studebaker Corp. 

B. F. Jones, Autocar Co. 

E. P. Lamb, Chrysler Corp. 

F. B. Lautzenhiser, International Harvester Co. 
F. R. Nail, Mack Mfg. Co. 


SUBCOMMITTEES 
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S. Reed, Brockway Motor Co., Inc 
L. S. Snead, Jr., Consolidated Freightways, Inc. 
es Stephen, Highway Trailer Co. 
cs Stier, Philadelphia Transportation Co. 
. C. Vanderberg, Clark Equipment Co. 
.E. Williams, Fruehauf Trailer Co., Inc. 


tes 


(SAE Staf, D. L. Staiger) 


INSTRUMENT PANEL GROUPING—E. P. Gohn, Chairman 
TIRE BALANCE—G. F. Roddewig, Chairman 


LOAD AND DIMENSION LIMITATIONS—Gavin Laurie, Chairman 


TIRE RATINGS 


TUBE, PIPE, HOSE, AND LUBRICATION FITTINGS COMMITTEE 


Baker, W. J. Schoenberger Co. 
Barth, General Motors Corp. 
Berhthal, Bundy Tubing Co. 
Brandau, Aeroquip Corp. 
Campbell, Stewart-Warner Corp. 

. Coker, Caterpillar Tractor Co. 

. Crawley, Weatherhead Co. 

R. G. Cummings, Ford Motor Co. 

Harold Fisher, Bendix Products Div., Bendix Aviation 

Corp. 
G.E. Franck, Imperial Brass Mfg. Co. 
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L. M. Ball, Chrysler Corp. 
Eric Brater, Cleveland Diesel Div., GMC 
G. J. Dashefsky, New York Naval Shipyard 


(H. L. Rittenhouse, Sponsor) 
C. G. Davey, Chairman, AC Spark Plug Div., GMC 


J.J. Goodwillie, Dole Valve Co. 

W. W. Henning, International Harvester Co. 
. A. Iles, Mueller Brass Co. 

. Kelly, Rochester Products Div., GMC 

. Knapp, Aero Equipment Corn. 

. Knocke, Chrysler Corp. 

Liberty, Commonwealth Brass Co. 

-Mdlioy, Scovill Mfg. Co. 

. Paul, Eastman Mfg. Co. 

. Rea, Heil Co. 

. Read, Carter Carburetor Corp. 


POURQMAHO: 
la eal 


VIBRATION COMMITTEE 
C. G. A. Rosen, Chairman, Caterpillar Tractor Co. 
J. F. Millan, Caterpillar Tractor Co, 


E. C. Noonan, Bureau of Ships 
F. P. Porter, American Locomotive Co. 


. W. Robinson, V. L. Graf Co. 

. C. Rotter, Lincoln Engineering Co. 

. H. Schmohl, Parker Appliance Co. 

. G. Schulz, Crane Co. 
. C. Sintz, Cadillac Motor Car Div., GMC 
. C. Vahrenhold, Wagner Electric Corp. 
. G. Waltermire, Lamson & Sessions Co. 
.E. Wise, Frigidaire Div., GMC 
. B. Worth, Cummings Engine Co., Inc. 

. F. Ziskal, International Harvester Co. 


Whee geen 


(SAE Staff, D. L. Staiger) 


T.C. VanDegrift, Res. Labs. Div., GMC 
J.J. Wydler, National Supply Co. 


(SAE Staff, R. C. Sackett) 


SAE Representation in other Technical Organizations 


American Coordinating Committee on Corrosion 


E. H. Dix, Jr., J. L. McCloud 


American Society for Testing Materials 
COMMITTEE Ai ON STEEL, H. B. Knowlton 


COMMITTEE B2 ON NONFERROUS METALS AND ALLOYS, W, A. Mudge 


Subcommittee I on Refined Copper, W. A. Mudge 
Subcommittee VII on Refined Nickel and High Nickel Alloys, Cast & Wrought, 


W. A. Mudge 


COMMITTEE B5 ON COPPER 


AND COPPER ALLOYS, CAST & 


WROUGHT, E. T. Johnson 


Subcommittee VIII on Steel Castings, Gosta Vennerholm 

Subcommittee X1X on Sheet Steel and Steel Sheets, H.C. Smith 

Subcommittee on Commercial Bolting Materials, H. Bornstein, G. C. Farnsworth, 
A.§8. Jameson, J. E. Spittle 


COMMITTEE A3 ON CAST IRON, H. Bornstein 
Subcommittee XVIII on Automotive Castings, H. Bornstein 


COMMITTEE A5 ON CORROSION OF IRON AND STEEL, C. O. Durbin 


COMMITTEE A7 ON MALLEABLE IRON CASTINGS, V. A. Crosby 
Subcommittee VI on Pearlitic and Alloy Iron, V. A. Crosby 


Subcommittee A-2, Rods, Bars, and Shapes, E. T. Johnson 
Subcommittee B-1, Castings & Ingots for Remelting, E. T. Johnson 
Subcommittee C-1, Methods of Test, E. T. Johnson 


COMMITTEE B6 ON DIE-CAST METALS AND ALLOYS, A. E. Weiss 
Subcommittee I on Aluminum Base Die-Casting Alloys, A. E. Weiss 
Subcommittee II on Zinc Base Die-Casting Alloys, A. E. Weiss 
Subcommittee IV on Physical Tesls, A. E. Weiss 


(Continued on next page.) 
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PALNUT caine NUTS 


TRADE MARK 


Widely used on Aut omobiles Paar Self-locking nuts are single thread nuts, 


made of spring tempered steel and accurately 

8 formed to fit standard screw threads. Unfailing double- 
an d Ir ucks to pr Ovi de locking action holds tight under vibration. High speed 
assembly with hand or power tools. Cost less than most 

other locking methods. For heavy assemblies, apply 


QUICK, SECU RE FASTEN | NG PALNUTS on top of ordinary nuts; for light assem- 


blies, use PALNUTS alone. 


AT LOW COST! Write For ear fen ere nares 


Popular Automotive Sizes 


Regular Type PALNUTS 


Regular 1/4” —28 N.F. 7/16” : 14128 

Used = Regular 5/16”—24 N.F. 1/2” : 516124 

as f Regular 3/8” —24 N.F. 9/16” : 38L24 

Lock Nuts Regular 7/16’—20 N.F. 5/8” : 716L20 

aad Regular 1/2” —20 N.F. 3/4” 5 12120 
A > : Regular 5/16’—18 N.C. 9/16” : 516R18 


e 


i. Regular 3/8” —16 N.C. 5/8” , 38R16 
Typical Applications 


* Also used on main bearings, 
hand brakes, maunting of engines, 
radiators, shock absorbers, etc. 


PALNUT used alone as 
backing-up nut on auto- 


PALNUTS are standard motive switches and 
; on Connecting Rods of controls. 
PALNUTS lock regular nuts- holding trans- most automobiles and 
mission housing to engine trucks. 


Popular Automotive Sizes 


Washer 
Diameter 


Type of 
Palnut 


Height 


Washer #10—32 m.s. 17/32” 10M32E 
Washer #10—24 m.s. Yea 10M24D1 
Washer #10—24 m.s. 3/4” 10M24D2 
Washer #:12—24 m.s. 9/16” 12M24D-12 
Washer 1/4”—20 N.C. 19/32” 14R20D 
: Washer 1/4”—20 N.C. 13/16” 14R20D1 
Enis wee Acorn #8—32 mas. 8M32C 
yp Acorn #10—24 m.s. 10M24C 
Acorn 1/4”—20 N.C. 14R20C 
Nameplate Wing #10—24 ms. 10J24 
Deck Hood Ornament Wing 1/4”—20 N.C. 14J20 
Handles . ond! 
ene * Extremities—Wing to Wing 
Send for Catalog #573, showing complete range of 
I 9 


types and sizes of PALNUTS. Samples on request. 


Molding Strip THE PALNUT COMPANY 
Also used on medallions, glove compartments, tail and 76 Cordier St., Irvington 11, N. Y. 
parking lights, instrument assemblies, grilles, etc. Detroit Office: 8100 Lyndon Ave. 


The words PAL and PALNUTS are Trademarks ® 
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COMMITTEE B7 ON LIGHT METALS AND ALLOYS, CAST & WROUGHT, 

P, V. Faragher 

Advisory Subcommittee, P. V. Faragher 

Subcommittee I on Aluminum and Aluminum Alloy Ingots, P. V. Faragher 

Subcommittee II on Aluminum Alloy Castings, P. V. Faragher 

Subcommittee III on Wrought Aluminum & Wrought Aluminum Alloys, P. V. 
Faragher 

Subcommittee IV on Magnesium and Magnesium Alloys, Cast & Wrought, P. V. 
Faragher 

Subcommittee VI on Anodic Oxidation of Aluminum & Aluminum Alloys, P. V. 
Faragher 


COMMITTEE D2 ON PETROLEUM PRODUCTS AND LUBRICANTS, J. M. 
Campbell, J. C. Geniesse ; 


COMMITTEE Dil ON RUBBER PRODUCTS, W. S. James 
Subcommittee XI on Chemical Analysis of Rubber Products, W. S. James 
Subcommittee X VII on Rubber Products for Absorbing Vibration, W. S. James 
Subcommittee XX on Adhesion Tests, W. S. James 


COMMITTEE D20 ON PLASTICS 
Subcommittee VI on Specifications, Section K on Nonrigid Plastics, J. A. Mickey, 
W. M. Phillips, H. W. Mohr 


COMMITTEE E1 ON METHODS OF TESTING 
Section on Tension Testing, EB. H. Stilwill 
Section on Indentation Hardness, H.W. Luetkemeyer (Nonferrous), T. H. Wick- 
enden (Iron and Steel) 


COMMITTEE E3 ON CHEMICAL ANALYSIS OF METALS, R. B. Hooper 


COMMITTEE E4 ON METALLOGRAPHY, O. W. McMullan 
Subcommittee IX on Inclusions, O. W. McMullan 


American Society of Mechanical Engineers 
GAS TURBINE POWER DIVISION,-R. W. Young 


American Society of Safety Engineers 


COMMITTEE ON COOPERATION WITH OTHER ENGINEERING SOCIE- ~ 


TIES, J. W. Lord 


American Standards Association 


STANDARD COUNCIL, F. K. Glynn (W. E. Conway, Alt.) 
DRAWINGS AND SYMBOLS CORRELATING COMMITTEE, William Siler 


HIGHWAY TRAFFIC STANDARDS CORRELATING COMMITTEE, G. W 
Laurie (F. K. Glynn, Alt.) 


* STANDARDIZATION AND UNIFICATION OF SCREW THREADS (B1) 


Scope: Nomenclature of screw threads; form of threads; diameters and pitches or 
screws for various uses; classification of thread fits; tolerances and allowances for 
threaded parts; and the gaging of threads. Screw threads for fire hose couplings are 
not included within this scope. 


Farle Buckingham, P. L. Houser, Gustaf Carvelli, H. A. Marchant 


PIPE THREAD (B2) 


Scope: The American (Briggs) Standard taper and straight pipe threads, plumber’s 
threads, and threads for thin tubes, basic and limiting dimensions of the elements, 
formulas for calculating the dimensions, working tolerances, gages, and methods 
of gaging. 


R. F. Holmes, H. A. Marchant 


BALL AND ROLLER BEARINGS (B3) 


Scope: Boundary dimensions of ball and roller bearings for radial and thrust loads 
or combinations thereof, as affecting the interchange or replacement of such bearings 
in machinery; and the tolerances on such dimensions, 


H. N. Parsons, K. G. Roth 


+ STANDARDS FOR SMALL TOOLS AND MACHINE TOOL ELEMENTS 
(B5) 


Scope: The standardization of the elements of machine tool construction and opera- 
tion, and of tool and work holding elements and associated appurtenances, includ- 
ing driving mechanisms that constitute an inherent part of the machine tool; and 
relating primarily to the use of machine tools on manufacturing operations in 
mechanical industry; sizes, capacities, and clearances of machine tools and of other 
work and tool holding parts; length of stroke, travel, and other movements and ad- 
justments; parts and elements for holding and adjusting, guiding or aligning work 
or tools, including bolts and nuts, and taper, split, straight, and dowel pins; slots, 


* Committee for which SAE is a sponsor. 
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bushings, and tapers; drills, taps, reamers, cutters, countersinks, chucks, jigs, ete. 
W. L. Barth, P. L. Houser, Earle Buckingham, T. M. Logan, R. A. Wilhelm 


STANDARDIZATION OF GEARS (B6) 


Scope: Standardization of spur, helical, herringbone, bevel, and worm gearing, 
covering general gear proportions; tooth form; mounting of gears; inspection of 
gears; nomenclature. 


G. L. McCain, Paul Pritchard 
STANDARDIZATION OF SHAFTING (B17) 


Scope: Diameters of transmission and machinery shafting and tolerances on shaft- 
ing stock; choice and proportion of shafting keys and tolerances on key stock; de- 
velopment of standard formulas and procedure to be used in determining trans- 
mission shafting sizes. 


R. R. Burkhalter 


* BOLTS, NUTS, RIVETS, SCREWS, AND SIMILAR FASTENERS (B18) 


Scope: Standardization of complete dimensional details required for the speci- 
fication and manufacture of bolts, nuts, rivets, screws, and similar fasteners. 


W. L. Barth, R. G. Cummings, R. R. Burkhalter, H. A. Marchant, K. G. Roth 
* STANDARDIZATION OF WASHERS AND MACHINE RINGS (B27) 


Scope: Development of product standards covering dimensions, physical properties, 
and tests for plain washers, lock washers, and retainer rings. 


W. L. Barth, R. R. Burkhalter, H. A. Marchant 


* TRANSMISSION CHAINS AND SPROCKET TEETH (B29) 


Scope: Standardization of transmission chains and sprocket teeth of the roller, the 
inverted tooth (silent), and the detachable-link types. 


G. Y. Anderson, Jr., D. C. Heitshu 
*WIRE AND SHEET METAL GAGES (B32) 


Scope: The standardization of a method of designating the diameter of metal and 
metal alloy wire, the thickness of metals and metal alloys in sheet, plate, and strip 
form and the wall thickness of tubing, piping, and casing made of these materials; 
and establishment of a standard series, or a number of standard series of nominal 
sizes and of tolerances for wires, sheets, plates, and strips. 


J. Gurski, William Wiers 


* CLASSIFICATION AND DESIGNATION OF SURFACE QUALITIES 
(B46) 


Scope: Classification and designation of surfaces according to quality of surface. 
W. L. Barth, Gustaf Carvelli 

CLASSIFICATION OF MATERIALS FOR TOOLS, FIXTURES, AND 
GAGES (B52) 


Scope: The establishment of a standard classification, based on performance re- 
quirements, of tool steels and other materials for tools, fixtures and gages. 


L. A. Danse, (D. J. Giles, Alt.) 


NUMBERING SYSTEM FOR ANTIFRICTION BEARINGS (B54) 


Scope: A numbering system for the identification and classification of antifriction 
bearings. 


G.N. Cole, H. N. Parsons 
STANDARDIZATION OF V-BELTS AND V-BELT DRIVES (B55) 


Scope: Standardization of dimensions and horsepower ratings of V-belts and sheaves 
for industrial and domestic use, excluding automotive and agricultural type. 


S. E. Knudson 


STORAGE BATTERIES (C40) 


Scope: Definitions, classification, rating, and methods of test for storage batteries of 
the lead-acid and nickel-iron alkaline types, for stationary and for portable use. 


L. E. Lighton 
DEFINITIONS OF ELECTRICAL TERMS (C42) 


Scope: Definitions of technical terms used in electrical engineering, including cor- 
relation of definitions and terms in existing standards. 


L. Beltz 


ELECTRIC WELDING APPARATUS (Cé2) 


Scope: The formulation of standards for electric welding apparatus, including 
definitions of terms, classification, rating, heating, efficiency, testing methods, 
dielectric test, standard values of current and voltage, and name-plate data. 


W. C. Schulte 


RADIO ELECTRICAL COORDINATION (G63) 
Scope: Development of definitions and methods of measurement of noise and signal 


may relieve your shortage 


10 HELP OUR 
METALS SITUATION 
CONSIDER 

OILITE 
PRODUCT 


of critical materials 


Particularly in mass-production 
units of small and medium size, 
Oilite finished machine parts and 
bearings can be made to your 
design in a broad range of ferrous 
and nonferrous metals and alloys, 
except as limited by government 
control. Moreover, Oilite prod- 
ucts of ferrous base may serve 
excellently instead of scarce non- 


ferrous units or as replacements 
for steel and castings. 

When you employ Oilite you 
also obtain the benefits of more 
than 20 years’ engineering, re- 
search, and production experience 
in powder metallurgy, together 
with the service of field engineers 
throughout the United States and 
Canada. 


You are invited to contact 


the field engineer in your district or 
write the home office regarding 


the application to your needs 
of Oilite products. 


AM PLEX MANUFACTURING COMPANY 


Subsiliany off Chagaler 


DETROIT ee 


Ouaon 


MICHIGAN 


Field Engineers and Supply Depots in Principal U. S. and Canadian Cities 


Heavy duty, oil-cushioned, self-lubricating bearings and finished 
machine parts in ferrous and nonferrous metals and alloys. Per- 
manent filters. Friction units. Self-lubricating cored and bar stock. 


0. Note to Execadinen) 


Oilite is an effective 
replacement, not a 


mere substitute 


In the last decade, more and 
more executives have become 
“Oilite minded”’ because the 
advantages are many. To meet 
the current situation, many 
of our customers have changed 
their specifications to replace 
strategic copper and tin with 
products of iron powder oriron 
powder alloys. Others are re- 
placing iron castings, steel and 
aluminum with similar Oilite 
products. 

Also of importance to exec- 
utives, under conditions of 
urgency, are the wide adapta- 
bility, the speed of delivery, 
and the economy of cost, time 
and manpower which result 
from the use of Oilite finished 
machine parts, made from 
‘metal powders. 

Intricate designs, which 
normally require many differ- 
ent machining operations, can 
be produced quickly and eco- 
nomically from Oilite. There 
is great freedom of design and 
frequently two or more parts 
can be combined in a single 
Oilite unit. Oilite eliminates 
up to24 machining operations. 

Delivered ready for assem- 
bly, Oilite parts save the time 
and investment required to 
tool up by standard methods. 
It is not unusual to be in pro- 
duction on a complex Oilite 
part within a few weeks, as 
compared to a possible 18- 
month delivery of machine 
tools. Trained manpower is 
thus released for other urgent 
needs. 

Oilite is not a substitute. 
It is metallurgy’s answer to 
the need for a new material. 
It may solve your problem. 


Hamm 


President 


PRODUCTS 
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strengths, determination of levels of signal strength, levels of interfering sources, 
limiting ratio of noise to signal, and development of methods of control of influence, 
coupling, and susceptiveness. 


P. J. Kent 
PREFERRED VOLTAGES—100 VOLTS AND UNDER (C67) 


Scope: Formulation of a list of preferred voltages—100 v and under, for genera- 
tion from any source, and for distribution and utilization purposes; but excluding 
secondary voltages in reduced voltage motor starters. 


L. H. Middleton, (F. A. Franklin Alt.) 
INSPECTION REQUIREMENTS FOR MOTOR VEHICLES (D7) 


Scope: Performance requirements and methods of testing with relation to the safe 
operation of motor vehicles on the highways of those parts and equipment, such as 
braking systems, steering mechanisms, lighting systems, frames, wheels, tires, other 
parts and equipment, the proper performance of which bears a distinct relation- 
ship to the safe operation of the motor vehicle. 


T.C. Smith 
RAILROAD HIGHWAY GRADE CROSSING PROTECTION (D8) 


Scope: Standards for the construction, installation, and maintenance of warning 
signs, automatic and nonautomatic types, for use at railroad highway grade cross- 
ings. 

V. J. Roper 


LOADING PLATFORMS AT FREIGHT TERMINALS AND WARE- 
HOUSES (E12) 


Scope: Height of loading platforms to accommodate various classes of railroad cars 
and highway vehicles in relation to rail level and street or yard level; distance from 
track center to edge of loading platform; and vertical and horizontal clearances for 
highway vehicles. 


John Walker, (B. F. Jones, Alt.) 


SCIENTIFIC AND ENGINEERING SYMBOLS AND ABBREVIA- 
TIONS (Z10) 


Scope: Standardization of letter symbols and signs for equations and formulas, and 
abbreviations for use in publications. ; 


L.C. Lichty 
PETROLEUM PRODUCTS AND LUBRICANTS (Z11) 


Scope: Specifications, methods of test, and nomenclature relating tocrude petroleum 
and petroleum products (products derived in whole or in large part from petroleum) 
other than asphalts, road oils, paint thinners, and electrical insulating materials. 


J. M. Campbell, M. H. Young, A. W. Pope, Jr. 


DRAWINGS AND DRAFTING ROOM PRACTICE (EXCLUSIVE OF AR- 
CHITECT URAL DRAWINGS) (Z14) 


Scope: Classification of and corresponding nomenclature of drawings in accordance 
with their purpose, method of representation of the subject, including arrangement 
of views and sections, use of lines of different kinds and thickness, indication of 
dimensions, tolerances, and fits, tapers and slopes, and surface or finish, sym- 
bols for elements, indication of materials by cross-hatching, arrangement of border- 
line, title, part list, notes, changes and revisions, method of folding and punching, 
kinds and sizes of lettering, figures and symbols, scales of reduction and enlarge- 
ment, sizes of drawings and filing cabinets, width of rolls of paper and cloth, 
size of drafting equipment and. tools, specifications of materials to be used for 
drawings and drafting; exclusive of architectural drawings. 


O. FE. Kirchner, W A. Siler, (P. G. Clark, Ale.) 
PREFERRED NUMBERS (Z17) 


Scope: Development of a system of numbers in geometric series for use in standardi- 
zation. 


C. M. Larson 
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ACOUSTICAL MEASUREMENTS AND TERMINOLOGY (Z24) 


Scope: Preparation of standards of terminology, units, scales, and methods of 
measurement in the fields of acoustics and mechanical vibration, 


L. M. Ball, Paul Huber 


SPECIFICATIONS AND METHODS OF TEST FOR SAFETY GLAZING 
MATERIAL (Z26) 


Scope: Specifications and methods of test for safety glazing material (glazing ma- 
terial designed to promote safety and to reduce or minimize the likelihood of per- 
sonal injury from flying glazing material when the glazing material is broken) as 
used for all purposes, including windshields and windows of motor vehicles, motor- 
boats, and aircraft; and bulletproof windows and partitions. 


J. L. McCloud, B. F. Jones, H. C. Mougey, R. E. Van Deventer 


Coordinating Research Council, Inc. 

SAE and the American Petroleum Institute jointly organized the Coordinating 
Research Council, Inc. in 1942. Object of the CRC is to encourage and promote the 
arts and sciences by directing scientific cooperative research in developing the best 
eombinations of fuels, lubricants, and equipment powered by internal-combustion 
engines; and to afford means of cooperation with the government on matters 
of national interest within this field. 

In the course of research sponsored by the two technical committees of the Council 
(the Coordinating Fuel and Equipment Research Committee and Coordinating 
Lubricants and Equipment Research Committee) a number of research techniques 
have been developed. Those considered suitable for standardization have been re- 
ferred to the American Society for Testing Materials. 

Information on the work of the technical committees, may be secured from th2 
Coordinating Research Council, Inc., 30 Rockefeller Plaza, New York 20, N. Y. 


Federal Specifications Board 
INDUSTRY ADVISORY COUNCIL—L. A. Danse 
INDUSTRY ADVISORY COMMITTEE ON SUPPLY CATALOGING TO 
THE MUNITIONS BOARD CATALOGING AGENCY—L. A. Danse 


Joint ASM, ASTM, AFA, and SAE Committee on Definitions of 


Heat-Treating Terms 
C M. Parker, H. Bornstein, R B Schenck 


National Association of Corrosion Engineers 
INTER-SOCIETY CORROSION COMMITTEE, R. E. VanDeventer 


National Fire Protection Association 
COMMITTEE ON AVIATION AND AIRPORT FIRE PROTECTION, 
Charles Froesch 
COMMITTEE ON TRUCK TRANSPORTATION, A. B. Hirtreiter, T. L. Preble 


National Committee on Uniform Traffic Laws and Ordinances 
SAE Representative, E. P. Lamb (V. J. Roper, Alt.) 
Lighting Subcommittee, A. B. Dettmer, R. N. Falge, P. P. Polko, V. J. Roper 
B. G. Van Zee, (Don Blanchard, Secretary) 


Radio Manufacturers Association 
COMMITTEE ON VEHICLE RADIO INTERFERENCE, R. M. Critchfield, 
P. J. Kent 


SAE-ASTM Technical Committee on Automotive Rubber 

SAE Members: L. E. Calkins, H. E. Churchill (J. M. Gauss, Al/.), B. Clements 
(D. L. Garland, Alt.), A. C. Darroch, W. B Davies (C. J Miller, Alt) C. H. 
Fortin, P. L. Hehman (R. E. Van Deventer, Alt.), R. K. Jack, Jr., J. M. Jackson, 
B. F. Jones, R. B. Kaiser (Harold Fisher, W. R. Williams, Alts.), W. J. McCortney 
(J.C. Dudley, M.J Sturtevant, Alts.), J. N. B. Miller, J.T. O'Reilly (J. P. Wilson, 
Alt.), W. M. Phillips (A. J. Kearfott, Alt.), V.C. Speece, H. E. Wening (R. R. 
Hickernell, Ali.), C. E. Zwahl (C. F. Orloff, Alt.) 


U. S. National Committee of the International Commission on 


Illumination 
P. J. Kent, W. F. Little, V. J. Roper 
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3. After driver is fully en- 
gaged, Insert is driven into 
1. Insert is placed in position hole, 
Tap-Lox Inserts provide under Sriver- 
a durable threaded sur- 
face in materials of low 


4, Reverse torque on driver 
2. Rotating driver engages disengages it from seated 


: internal thread of Insert. Insert. 
shearing strength such as 7 p 
plastics, wood, light 7] 5. Complete assembly with 
metals, etc. They afford y y screw fastener in place. 


secure anchorages for 
screws, studs and other 
threaded parts under 
stress loads and eliminate 
the danger of thread strip- 
ping in assembling and service. 


Each Insert taps into a hole of the 
same size as the tap drill hole for 
the external thread of the Insert. 
A special driving tool is used to 
seat the Insert in the boss. As the 
Insert turns, it taps its own thread 
with the edges of its slotted seg- 
ments, which are forced inward 
slightly in tapping. As the screw 
fastener passes into the slotted 
area, the outward pressure on the 
Insert tends to lock it firmly in the 
boss. Tap-Lok Inserts improve and 
safeguard assemblies—help re- 
duce the scrap factor — reduce 

costs. Send for samples and litera- 
ture. Groov-Pins are essentially cylin- 
drical pins with longitudinal 
grooves. They are made of cold 
(—=__—s—s—_i} rolled steel, bar or coil stock—al- 
loys upon specification. The grooves 
Half Length Reverse Taper are rolled or pressed into the cyl- 
Full Length Taper Groov-Pin Groov-Pin indrical body to deform the pin 
stock within controlled limits. Forc- 
ing the pin into a straight hole 
causes the displaced material to 
flow back and effect a locking fit 
within the pin’s elastic range. It re- 
quires no tapping, reaming or other 
Half Length Taper Groov-Pin Center Groov-Fin preparation of the hole, is easy to 
start and assemble, has extraordi- 
nary holding power and may be re- 

used repeatedly. 


Groov-Pins have simplified design 
— 1 Eh and reduced assembly costs for 
many years for manufacturers of 
; Half Length Taper and Reverse automobiles, aircraft, machiner 
tea ita a2 4 i Taper Greov-Fins with Anavlar appliances, instruments and rane 


G for Spri Retention. 
ated ARs Mil tae other products, Send for 


* Reg. U. S. Pat. Off samples and ey // ¥ 
Y 
GROOV-PIN CORPORATION UNION CiTy, NEW JERSEY ‘3 
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SAE Technical Board Rules and Regulations 


1. Objective 


| The objective of the Board is to make the knowledge, experi- 
| ence, and skill of automotive engineers on technical problems 
| adapted to cooperative committee action, effectively useful to 
| industry, government, educational institutions, the public, and 
| the profession, and to enhance the value of Society membership 
by the benefits which technical committee activity brings to 
those who participate in it. 


2. Responsibility of Board Members 


In discharging their responsibilities, the members of the Board 
and the members of the committees under its jurisdiction, func- 
tion independently as individuals, and not as agents or repre- 
sentatives of the creepizitions by which they are or may be 
employed. 


| 3. Powers and Duties 


(a) The Board is the agent of the SAE Council with full 


authority to direct and supervise all technical committee activi- 
ties of the Society, including its participation in the technical 
committee activity of other organizations; subject only to the 
right of appeal to the Council in the event of disagreement with 
an action of the Board. 

(b) The Board will determine what projects are to be under- 
taken and will define their scope. 

(c) The Board will determine what engineering relationships 
involving technical committee activity are to be undertaken for, 
or in cooperation with government, industry, other technical 
societies, educational institutions, and civic organizations. 

(d) The Board will organize such committees as may be needed 
to carry on the Board’s projects, and will appoint Society repre- 
sentatives on the technical committees of other organizations in 
which the Society may participate. 

(e) The Board will steer and review the work of its commit- 
tees and of its representatives on the technical committees of 
other organizations. 

(f) The Board will approve, and in the name of the Society, 
issue technical reports, including standards and recommended 
practices, which result from the work of its committees and will 
act for the Society on reports which result from the work of tech- 
nical committees of other soe in which the Society is 
a participant. 


4. Technical Committees 


(a) The Board will organize such technical committees as are 
necessary to carry on its projects and will approve the initial 
membership of such committees. Thereafter, the sponsor of a 
committee, or the chairman of a committee if there is no sponsor, 
is authorized to effect changes in the personnel of a committee. 
The chairmen of technical committees shall be designated by the 
Board and at least once each year each committee shall nominate 
a chairman for Board approval. 

(b) The Board will define the scope of each committee, and 
all projects within the scope of a committee shall be referred to 
it. e 

(c) The function of a committee shall be to advise the Board 
on matters within its scope; to direct and administer projects 
within its scope; and to cooperate with other committees on 
matters of joint interest. 

(d) Members of SAE Technical Committees shall be appointed 


on the basis of their personal qualifications and consequent 
ability to contribute to the work of such committees. Invitations 
to serve on SAE Technical Committees shall call attention of 
appointees to Section 2 of these Rules and Regulations. 

(e) Where a government or other agency requests participa- 
tion in SAE committee work through an individual of its own 
selection, such individual may be appointed as a consultant or 
liaison representative without vote. Where the individual quali- 
fies under Section 4(d), he may be appointed to committee mem- 
bership with the understanding that he will function as an 
individual. 


5. Sponsors 


(a) The Board may designate one or more of its members ge 
sponsor any committee. 

(b) The duties of the sponsor (or sponsors) shall include 
liaison between the Board and the committee, advising the Board 
with respect to committee personnel, and expediting the work. 


6. Committee Procedures 


(a) Committees may appoint steering committees from their 
membership. 

(b) Committees may appoint subcommittees to handle detail 
phases of their work. Nonmembers of a committee may be ap- 
pointed. to such subcommittees. 

(c) Committees may initiate new projects within their scopes; 
provided that prompt notice shall be given the Board of all self- 
initiated new projects; and provided that where such new projects 
involve relations with other organizations, such relations a 
have the approval of the Board. 

(d) Only members of a committee shall vote or cast letter 
ballots. 

(e) Committees may hold erecuene sessions, provided that 
any member of the Society shall be granted a hearing on any 


matter before a committee. 


(f) Where a committee has reason to believe that a proposed 
project may involve the Society in a jurisdictional conflict with 
another organization, before undertaking such project, the com- 
mittee shall refer the matter to the Board for review and in- 
structions. 


7. Committee Reports 


(a) Reports of committees submitted to the Board for approval 
in general should have the unanimous approval of the committee. 
Where unanimous approval: cannot be achieved, the report shall 
have the approval of at least two-thirds of the members of the 
committee and shall set forth dissenting views, including the 
dissenting views of nonmembers of the committee who may 
have been consulted. The Board may eliminate such dissenting 
views from the report as finally issued. 

(b) Reports of committees submitted for final approval at a 
meeting of the Board shall be distributed to the Board members 
at least two weeks before the meeting; otherwise, any action on 
such reports at the meeting of the Board will require confirma- 
tion by letter ballot. 

(c) Every report approved and issued. by the Board shall carry 
the following statement: 

“All technical reports, including standards approved and prac- 
tices recommended, are advisory only. Their use by anyone en- 
gaged in industry or trade is entirely voluntary. There is no 
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You will find Johnson Engineers 
willing to help you decide which type 
bearing is best suited and to design 
it for the application. As'we manu- 
facture all types of sleeve bearings, 
we base all of our recommendations 
on facts, free from prejudice. 


1951 SAE HANDBOOK 


DATA SHEETS are being 


produced monthly by Johnson Bronze, 
engineers...twenty sheets now avail-: 
able ...more to come. They cover, 
bearing types, bearing design, mas: 
terials, powder metallurgy, tolerances, 
tests, lubrication, etc. They contain. 
valuable information for users of 
bearings and design engineers. These 
data sheets are printed in 814x1linch 
size for your convenience in filing. 
Write today for your set. 


625 SOUTH MILL STREET + NEW CASTLE, PA. 
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SAE Technical Board Rules and Regulations (Continued) 


agreement to adhere to any SAE Standard or SAE Recom- 
| mended Practice, and no commitment to conform to or be guided 
_ by any technical report. 
| “Jn formulating and approving technical reports, the Board 
| and its committees will not investigate or consider patents which 
may apply to the subject matter. Prospective users of the report 
| are responsible for protecting themselves against liability for 
j infringement of patents.” 


8, Standards and Recommended Practices 


- (a) Reports of committees recommending the approval of 
standards and recommended practices shall represent a con- 
_ sensus of those substantially concerned, including prospective 
_ producers and users of the proposed standard or recommended 
practice. : 
_ (b) SAE Standards shall be based on sound, established engi- 
neering practice. 

(c) SAE Recommended Practices shall be based on sound 
engineering principles and shall be intended as guides toward 
| standard engineering practice. 


9. Board Approval of Reports 


(a) The Board may approve and authorize the issuance of 
technical reports by voice vote at a meeting or by letter ballot. 
_ (b) The Board will strive for unanimous approval, but in no 
case will it approve or authorize the issuance of a report which 
has not been approved by three-quarters of the members of the 
entire Board. The Chairman may declare a report submitted to 
letter-ballot to have been approved by the Board after three 
weeks from date of circulation of the report to the Board; pro- 
vided ballots have been returned by at least three-quarters of 
the members of the Board; and provided that no negative ballots 
_ have been returned. Upon presentation by a Board member of 
a written dissenting report within three weeks after the distri- 
bution of a proposed report, the proposal shall be reconsidered 
by the Board before final action. 
(c) The board will not alter the technical content of a com- 
mittee report without first referring it back to the responsible 
committee. 


10. Board Meetings 


(a) Only members of the Board have the right to attend and 
vote at Board meetings, and to cast letter ballots. Others may 
attend at the discretion of the Board. 

(b) The Chairman of the Board shall preside at meetings of 
the Board, and if he is not present, a member of the Executive 
Committee designated by that Committee or by the Chairman, 
shall preside. 

(c) One-half the members of the Board shall constitute a 
quorum. 

(d) Action by the Board shall be by majority vote of those 
present; provided that any member may call for a letter ballot 
on action taken and when letter ballot is taken, action by the 
Board shall be by majority vote of the entire Board; and pro- 
vided further that Section 9 shall govern the approval and issu- 
ance of reports. 

e) The first order of business shall be an executive session. 

(f) When questions of parliamentary procedure arise, they 
shall be determined by Robert’s Rules of Order. 


(g) The last order of business shall be the determination of 
the time and place of the next meeting of the Board; provided 
that the Board may authorize its Executive Committee to deter- 
mine the time and place of its next meeting. 


11. Executive Committee 


(a) At the Board’s first meeting in each calendar year, the 
Chairman of the Board shall nominate for Board approval five 
members of the Board to serve with him as the Executive Com- 
mittee of the Board for one year. The Chairman of the Board 
shall be the Chairman of the Executive Committee. 

(b) The Executive Committee shall be the executive and 
administrative agent of the Board and, on matters requiring 
prompt disposition which arise between meetings of the Board, 
shall exercise all powers of the Board, except the approval and 
issuance of reports. The Executive Committee shall promptly 
notify the Board of all actions taken. Actions of the Executive 
Committee shall be subject to the review and approval of the 
Board. : 

(ce) In intervals between meetings of the Board, the Executive 
Committee shall place before the Board any question on which 
a Board member desires the opinion of or action by the entire 
Board. 


12. Secretary of the Board 


(a) The Secretary of the Board and his staff assistants shall 
be designated by the General Manager of the Society. 

(b) The Secretary shall be responsible for the performance of 
such staff functions as the Board or its Executive Committee 
may direct, and shall provide for the recording of minutes of 
meetings of the Board, its committees and subcommittees, and 
for their distribution, subject to the financial limitations imposed 
by the budget approved by the Council for the operations of the 
Board. 

(c) Unless the Board specifically directs otherwise, the Secre- 
tary shall have authority to release information and publicity 
with respect to the work of the Board and its committees. 

(d) Committees may make no commitments involving expen- 
diture of Society funds without the approval of the Secretary. 

(e) The Secretary may approve the payment by the Society 
of necessary and reasonable expenses of any officer or regular 
employee of the Government, or any professor or instructor of 
a recognized educational institution incurred in travelling to, 
attending, and returning from a meeting of the Board or of its 
committees or subcommittees, either as a member of any of these 
groups or as an invited consultant. 


13. Records 


(a) The records of the Board and its committees and sub- 
committees, including minutes and their appendixes of all meet- 
ings, shall be maintained in the offices of the Society where they 
will be available for inspection except as the Board directs 
otherwise. 


14. Amendments 


(a) Amendments to these rules and regulations shall be ap- 
proved by not less than three-quarters of the members of the 
Board. 

Adopted January 10, 1946 and last revised January 12, 1950. 


36 


1951 SAE HANDBOOK 


Lt doesnt pay to overgrade 
in selecting spring steels 


In selecting spring steels it is generally considered 
sound practice to use grades whose alloy content is con- 
sistent with the thickness of the finished spring section. 
Springs of heavy section, for instance, usually require 
steel fairly rich in alloy content while those relatively 
light in section can be made economically from steel of 
medium or low alloy content. . 

But light or heavy, lean or rich, there are three prop- 
erties that all spring steels must have for good results: 
superior impact value; excellent fatigue-resistance; and 
high yield point. A proper balance of these properties 
is needed to satisfy the mass requirements of the sec. 
tion as well as satisfactory response to heat treatment. 


XRT: 


BETHLEHE, 


BETHLEHE 


STEEL 


o arma me 


There is no short cut to- economical selection of 
spring steels. It takes study and experience with various 
analyses and heat treatments. In this connection our 
metallurgists will be glad to help you arrive at the most 
economical solution. They will give unbiased advice 
based on long experience with all types of spring steels. 

We manufacture the entire range of AISI steels as 
well as special grades and carbon steels. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation—Export Distributor: Bethlehem Steel Export Corporation 


Be action and Use of Steels 


% 


[SAE Specifications for automotive steels are developed coopera- 
tively by steel producers and users. 
| History of standardized automotive ‘steels goes back to Bulletin 
| No. 9 of the Mechanical Branch of the Association of Licensed 
| Automobile Manufacturers, dated Dec. 28, 1905, which have 

ALAM Specifications Nos. 1 through 6 for steels. ALAM Bulle- 
| tin No. 18 soon followed with specifications for steel and gray iron 
| castings, notes on malleable iron castings, and a standard for ar- 
| bitration bars and test specimens for the iron castings. 
| In 1910, SAE took over ALAM’s standardization work, set- 
| ting up the SAE Standards Committee and, under it, the SAE Iron 
| and Steel Division (now the SAE Iron and Steel Technical Com- 
| mittee). SAE Standards and SAE Recommended Practices de- 
_ veloped by this group have been of such engineering and commer- 
| cral value that for many years they have been used in nearly all 
| fields of mechanical manufacture in the United States and many 
| other countries.] 


Steel compositions included in SAE Handbook are considered 
_ adequate for practically all parts made of wrought ferrous ma- 
terials that are necessary for the production of automotive ap- 
| paratus, and include grades that have been found commercially 
| available and technically adequate for the service required of 
such parts. (SAE steel compositions should not be confused with 
specifications, of which composition is only a part.) 

Definite applications of SAE steels are not included, because— 
as it will be readily appreciated—the selection of a steel for a 
_ given part must be based upon an intimate knowledge of a 
| number of important factors such as the availability and cost 
of the material, the detail design of the part, and the severity 
of the service to be imposed, whether the part is to be forged 
or machined, and its machinability. It is only after a careful 
consideration of these factors that steels for the great variety of 
' automotive and other mechanical parts can be selected properly. 
Only general applications of the SAE steels are indicated. 

It is important to bear in-mind that-the information pertain- 
ing to typical heat-treatments is based on the tests and experi- 
ence of steel manufacturers and users and is intended only as a 
| guide in selecting steels and. their heat-treatment. Care has been 
- taken to provide reliable data, but steel users should supplement 
these data with suitable inspection tests and practices in order 
to be assured that each lot of material purchased will respond 
in a normal manner to the heat-treatment generally applied in 

their particular practices. 

_ Variations in the effect of the usual forms of heat-treatment 
é may be due to personnel, variations in the steel composition or 
manufacture, and to changes in local conditions such as control 
+ and precision of heat-treating equipment. In order to minimize 
“i 
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the effects of such variations, steel users should keep the product 
of each mill heat of steel separate in the stock room and during 
processing so that necessary adjustments of treatment can be 
made. 

When selecting a steel, the user should always keep in mind 
the importance of obtaining the desired strength and hardness 
without the necessity of resorting to drastic forms of quenching. 
Water and brine quenching may be considered as drastic treat- 
ments when applied to carbon steels and simple alloy steels 
containing more than 0.35% carbon. Oil quenching minimizes 
distortion, whereas water and brine accentuate it. Drastic 
quenching, improperly applied, may lead to serious cracking or 
spalling. Frequently the necessity for drastic quenching can be 
avoided by proper control of hardenability. Such discretion is 
especially important in the case of parts of intricate shape and 
with abrupt changes in section. This caution is not intended to 
condemn the practice of water or brine quenching altogether 
as there are frequent instances where the desired hardness can 
be obtained in no other manner. It is intended as a warning to 
the uninitiated to proceed with caution until the necessary ex- 


perience and skill have been acquired. 


Another detail of greatest importance to the designer and the 
producer of heat-treated steel parts is correct filleting. Sharp 
corners and inadequate fillets are the primary cause of most 
fatigue failures. In parts subjected to dynamic stresses, sharp 
corners and inadequate fillets produce serious stress concentra- 
tion, causing the actual service stresses to build up to a point 
where they may amount to several times the normal working 
stress calculated by the designer. The use of generous fillets is 
especially desirable with all high-strength alloy steels. 

While adequate fillets may reduce the weakening effect of 
abrupt changes in section, they will not appreciably reduce the 
serious distortion which inevitably develops when parts of widely 
varying section are quenched during heat-treatment. Whether 
oil or water quenching is required, heavy sections cool less 
rapidly than light sections and tend to produce distortions. 
Consequently it is desirable to minimize variations in section 
as much as practicable. 

The steel user should also remember that the elastic deflection 
under load of a given part is a function of the section of the part 
rather than of the composition, heat-treatment, or hardness of 
the particular steel that may be used. In other-words, the modu- 
lus of elasticity of all the commercial steels, both plain carbon 
and alloy types, is the same so far as practical designing is con- 
cerned. Consequently if a part deflects excessively within the 
elastic range, the remedy lies in the field of design, not in the 
field of metallurgy. Hither a heavier section must be used, the 
points of support must be increased, or some similar change 
made, since under the same conditions of loading all steels de- 
flect the same amount within the elastic limit. 
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Only compositions which conform to the SAE compositions 
given in the current SAE Handbook should bear the prefix 
“SAK.” 


A numeral index system is used to identify the compositions 
of the SAE steels, which system makes possible use of numerals 
on shop drawings and blueprints to describe partially the com- 
position of the material. 

In the original conception, the first digit indicated the type 
to which the steel belonged; thus ‘‘1-’’ indicated a carbon steel; 
“2-” a nickel steel; and “3-” a nickel-chromium steel. In the 
case of the simple alloy steels, the second digit generally indi- 
cated the approximate percentage of the predominant alloying 


element. Usually the last two or three digits indicated the ap- 
proximate average carbon content in “points” or hundredths 
of one per cent. Thus 2340” indicated a nickel steel of approxi- 
mately 3% nickel and (3.25 to 3.75%) and 0.40% carbon (0.388 
to 0.43%). 

In some instances, in order to avoid confusion, it has been 
found necessary to depart from this system of identifying the 
approximate alloy composition of a steel by varying the second 
and third digits of the number. Instances of such departure are 
the steel numbers selected for several of the corrosion- and heat- 
resisting alloys and the triple alloy steels. 

The basic numerals for the various types of SAE Steel are 
given in Table 1. 


TABLE 1—Basic Numerals for SAE Steels 


TYPE OF STEEL AND AVERAGE CHEMICAL CONTENTS IN % NUMERALS AND DIGITS 


TYPE OF STEEL AND AVERAGE CHEMICAL CONTENTS IN % NUMERALS AND DIGITS 
Carbon Steels: es gesu).. 2 depend ak tie katt oe 1xxx 
PlainiCarbonss teas: ne alee sear 2 ee 10xx 
Free Cutting (screw stock)................ 11lxx 
Manganese Steelsiary iti erneee <u as eee 13xx 
Mn 1.75 
Nickel Steels.) 223)60. | Se eee ey 2xxx 
INAS BO22, eee eet SENOe sh POY Beh eae 23xx 
INGTUD OOK. Het RC, ak Sore a Carne Bieta 25xx 
Nickel-Chromium Steels..................... 38xxx 
INiiett25 \Or0:650r 0.80: as. ease ae ier 3lxx 
NTS. 500), Cre 55 ere a ae 33xx 
Corrosion- and Heat-Resisting............. 303xx 
Molybdenum Steeles cc. ace eee eee 40xx 
Mo 0.25 } 
Chromium-Molybdenum Steels.............. 41xx 
Cr 0.50 and 0.95; Mo 0.25 and 0.20 
Nickel-Chromium-Molybdenum Steels 
Ni 1.80; Cr 0.50 and 0.80; Mo 0.25.......... 43xx 
ING 02553) Cr7'0.50'M1010}20 aia eee 86xx 
IND 02555701050) G)0:25 5 sense eee 87xx 
IN13220)" Crili205 MoO 2a ove pete tae 93xx 
BN 0)45>)C rs 0:40 "Nilo! 0.12 eee ees ae eee 94xx 
IND0255;34@r10 1:7 ViO1OJ20 et ee are Se ee 97xx 


Na 1:00</Or 0:80: MG OL2one sere perenne 98xx 


Nickel-Molybdenum Steels 


Ni 1.55 and 1.80; Mo 0.20 and 0.25......... 46xx 
Ni '3250 | MLOt0L25 8, xi eis) een 48xx 
Chromium Steels. . Me ARP AE Peta gove 5xxx 
Low C#2Cri0.27 and O65:. Petey: 50xx 
Low Cr—Cr 0.80, 0.95, or 1.05.. Bae Pobre 51xx 
Low. Cri(bearmg) CriQi50) seo ee eee 501xx 
Medium Cr (bearing) Cr 1.00.............. 511xx 
Highi@r (beanie) Cre Abcn pace sealer 521xx 
Corrosion- and Heat-Resisting.............| 514xx and 515xx 
Chromium-Vanadium Steel.................. 61xx 
Cr,0.95; V 0.15 min. 
Silicon-Manganese Steels.........,.......0.. Oxxx 
Mn 0.65 and 0.85; Si 1.40 and 2.00.......... 92xx 
Low-Alloy, High- ansilet er on eae. 950 
Castings, Steel 
Corrosion Resistant... sin. 5.06 eae eee 60xxx 
Fleat-Resistant, i. 1.1 aoa hos Eee eae 7OXxx 
Carbonand low Alloy ox 24 seme enor 0x0 
00xx 
High-Strength visa es eee seen eee a eee O1lxx 
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[In 1941, the SAE Iron and Steel Division in collaboration 
with the American Iron and Steel Institute made a major change 
in the method of expressing composition ranges for the SAE steels. 
The plan, as now applied, is based vn general on narrower ladle 


TABLE la—Carbon Steel Compositions Applicable Only to Semi- 
Finished Products for Forging, to Hot-Rolled and Cold- 
Finished Bars, to Wire Rods, and to Seamless Tubing 


analysis ranges plus certain check analysts allowances on individual 
samples, in place of the fixed ranges and limits without tolerances 
formerly provided for carbon and other elements in SAE steels. 
No changes in compositions or additions or deletions of numbers 


TABLE 1b—Carbon Steel Compositions Applicable Only to 
Structural Shapes, Plates, Strip, Sheets, and 
Welded Tubing 


LADLE CHEMICAL COMPOSITION® LIMITS, % 
SAE CORRESPONDING 
Number AISI NuMBER 


Maximum |} Maximum 
c Mn 5) S 


| 1006 0.08 max |0.25-0.40} 0.040 0.050 C1006 
1008 0.10 max |0.25-0.50} 0.040 0.050 C1008 
1010 0.08-0.13)0.30-0.60| 0.040 0.050 C1010 
1015 0.13-0.18/0.30-0.60| 0.040 0.050 C1015 
1016 0.13-0.18/0.60-0.90| 0.040 0.050 C1016 
1017 0.15-0.20/0.30-0.60} 0.040 0.050 C1017 
1018 0.15-0.20/0.60-0.90} 0.040 0.050 C1018 
1019 0.15-0.20/0.70-1.00} 0.040 0.050 C1019 
1020 0.18-0.23/0.30-0.60) 0.040 0.050 C1020 
1021 0.18-0.23/0.60-0.90| 0.040 0.050 C1021 
1022 0.18-0.23/0.70-1.00| 0.040 0.050 C1022 
1024 0.19-0.25]1.35-1.65) 0.040 0.050 C1024 
1025 0.22-0.28/0.30-0.60| 0.040 0.050 C1025 
1026 0.22-0.28/0.60-0.90} 0.040 0.050 C1026 
1027 0.22-0.29/1 .20-1.50) 0.040 0.050 C1027 
1030 0.28-0.34/0.60-0.90} 0.040 0.050 C1030 
1033 0.30-0.36/0.70-1.00| 0.040 0.050 C1033 
1034 0.32-0.38/0.50-0.80| 0.040 0.050 C1034 
1035 0.32-0.33/0.60-0.90} 0.040 0.050 C1035 
1036 0.30-0.37/1.20-1.50| 0.040 0.050 C1036 
1038 0.35-0.42/0.60-0.90} 0.040 0.050 C1038 
1039 0.37-0.44/0.70-1.00} 0.040 0.050 C1039 
1040 0.37-0.4410.60-0.90| 0.040 0.050 C1040 
1041 0.36-0.44/1.35-1.65} 0.040 0.050 C1041 
1042 0.40-0.47/0.60-0.90} 0.040 0.050 C1042 
1043 0.40-0.47/0.70-1.00} 0.040 0.050 C1043 
1045 0.43-0.50)0.60-0.90} 0.040 0.050 C1045 
1046 0.43-0.50)0.70-1.00} 0.040 0.050 C1046 
1049 0.46-0.53)/0.60-0.90) 0.040 0.050 C1049 
1050 0.48-0.55/0.60-0.90) 0.040 0.050 C1050 
1052 0.47-0.55]1.20-1.50) 0.040 0.050 C1052 
1055 = (0.50-0.60/0.60-0.90) 0.040 0.050 C1055 
1060 0.55-0.65]0.60-0.90) 0.040 0.050 C1060 
1062 0.54-0.65)0.85-1.15) 0.040 0.050 C1062 
1064 0.60-0.70/0.50-0.80) 0.040 0.050 C1064 
1065 0.60-0.70|0.60-0.90) 0.040 0.050 C1065 
1066 0.60-0.71|0.85-1.15) 0.040 0.050 C1066 
1070 0.65-0.75)0.60-0.90) 0.040 0.050 C1070 
1074 0.70-0.80)0.50-0.80) 0.040 0.050 C1074 
1078 0.72-0.85)0.30-0.60) 0.040 0.050 C1078 
1080 0.75-0.88}0.60-0.90| 0.040 0.050 C1080 
1085 0.80-0.93)0.70-1.00} 0.040 0.050 C1085 
1086 0.82-0.95|0.30-0.50} 0.040 0.050 C1086 
1090 0.85-0.98|0.60-0.90} 0.040 0.050 C1090 
1095 0.90-1.03/0.30-0.50} 0.040 0.050 C1095 


LADLE CHEMICAL COMPOSITION LIMITS, % 


SAE 
Number Cc Mn oo Masur 
1006 0.08 max 0.25-0.45 0.040 0.050 
1008 0.10 max 0.25-0.50 0.040 0.050 
1010 0.08-0.13 0.30-0.60 0.040 0.050 
1015 0.12-0.19 0.30-0.60 0.040 0.050 
1016 0.12-0.19 0.60-0.90 0.040 0.050 
1017 0.14-0.21 0.30-0.60 0.040 0.050 
1018 0.14-0.21 0.60-0.90 0.040 0.050 
1019 0.14-0.21 0.70-1.00 0.040 0.050 
1020 0.17-0.24 0.30-0.60 0.040 0.050 
1021 0.17-0.24 0.60-0.90 0.040 0.050 
1022 0.17-0.24 0.70-1.00 0.040 0.050 
1024 0.18-0.26 1.30-1.65 0.040 0.050 
1025 0.21-0.28 0.30-0.60 0.040 0.050 
1026 0.21-0.28 0.60-0.90 0.040 0.050 
1027 0.21-0.29 1.20-1.55 0.040 “| 0.050 
1030 0.27-0.35 0..60-0.90 0.040 0.050 
1033 0.29-0.37 0.70-1.00 0.040 0.050 
1034 0.31-0.39 0.50-0.80 0.040 0.050 
1035 0.31-0.39 0.60-0.90 0.040 0.050 
1036 0.29-0.38 1.20-1.55 0.040 0.050 
1038 0.34-0.43 0.60-0.90 0.040 0.050 
1039 0.36-0.45 0.70-1.00 0.040 0.050 
1040 0.36-0.45 0.60-0.90 0.040 0.050 
1041 0.35-0.45 1.30-1.65 0.040 0.050 
1042 0.39-0.48 0.60-0.90 0.040 0.050 
1043 0.39-0.48 0.70-1.00 0.040 0.050 
1045 0.42-0.51 0.60-0.90 0.040 0.050 
1046 0.42-0.51 0.70-1.00 0.040 0.050 
1049 0.45-0.54 0.60-0.90 0.040 0.050 
1050 0.47-0.56 0.60-0.90 0.040 0.050 
1052 0.46-0.56 1.20-1.55 0.040 0.050 
1055 0.50-0.60 0.60-0.90 0.040 0.050 
1060 0.54-0.66 0.60-0.90 0.040 0.050 
1062 0.53-0.66 0.85-1.15 0.040 0.050 
1064 0.59-0.71 0.50-0.80 0.040 0.050 
1065 0.59-0.71 0.60-0.90 0.040 0.050 
1066 0.59-0.72 0.85-1.15 0.040 0.050 
1070 0.64-0.76 0.60-0.90 0.040 0.050 
1074 0.68-0.80 0.50-0.80 0.040 0.050 
1078 0.71-0.86 0.30-0.60 0.040 0.050 
1080 0.74-0.89 0.60-0.90 0.040 0.050 
1085 0.79-0.94 0.70-1.00 0.040 0.050 
1086 0.81-0.96 0.30-0.50 0.040 0.050 
1090 0.84-0.99 0.60-0.90 0.040 0.050 
1095 0.89-1.04 0.30-0.50 0.040 0.050 


___ _* Where silicon is required, the following limits and ranges are commonly used 
for basic open-hearth steel grades: for steel designations up to but excluding SAE 


} 
| 
y 


1015, 0.10% maximum; for SAE 1015 to SAE 1025, 0.10% maximum or ranges of 0.10 
to 0.20% or 0.15 to 0.30%; for over SAE 1025, ranges of 0.10 to 0.20% or 0.15 to 0.30%. 
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are made by either AISI or SAE without first informing the 
other of the proposed changes and holding open discussion between 
both groups in order to effect simultaneous changes.] 

The nominal chemical limits or ranges in the compositions 
given in Tables la, 1b, and 2 are subject to standard variations 
in check analysis given in the SAE Standard on Permissible 
Variations from Specified Chemical Ranges and Limits for Steels. 

Compositions given in Table 1a are applicable only to semi- 


finished products for forging, to hot-rolled and cold-finished 
bars, to wire rods, and to seamless tubing. 

Compositions given in Table 1b are applicable only to struc- 
tural shapes, plates, strip, sheets, and welded tubing. 

Free-cutting steels are basic open-hearth and acid-bessemer 
resulfurized carbon steels. Compositions given in Table 2 are 
applicable only to semi-finished products for forging, to hot- 
rolled and cold-finished bars, and to wire rods. 


TABLE 2—Free-Cutting Steel Compositions 


LADLE CHEMICAL COMPOSITION LIMITS, % 


CORRESPONDING 
Number AISI NuMBER 
& Mn iP S 
Bessemer 
1111 0.13 max |0.60-0.90\0.07-0.12/0.08-0.15} Bi1ill1+ 
1112 0.13 max |0.70-1.00\0.07-0.12/0.16-0.23} B1112° 
1113 0.138 max |0.70-1.00\0.07-0.12,0.24-0.33} B11138 


Open Hearth Maximum 


1109 0.08-0.13/0.60-0.90) 0.040 (0.08-0.13) C1109 
1114 0.10-0.16)1.00-1.30; 0.040 |0.08-0.13) C1114 
1115 0.13-0.18/0.60-0.90) 0.040 (0.08-0.13) C1115 
1116 0.14-0.20)1.10-1.40) 0.040 |0.16-0.23; C1116 
1117 0.14-0.20)1.00-1.30) 0.040 (0.08-0.13} C1117 
1118 0.14-0.20)1.30-1.60} 0.040 0.08-0.13) C1118 
1119 0.14-0.20/1.00-1.30| 0.040 (0.24-0.33) C1119 


LADLE CHEMICAL COMPOSITION LIMITS, % 


SAE CORRESPONDING 
Number 7 - AISI NuMBER 
Cc Mn 12 
Open Hearth 
Cont'd Maximum 


0-1.00; 0.040 (0.08-0.13) C1120 
0-1.00) 0.040 0.08-0.13) C1126 
5-1.65/.0.040 |0.08-0.13} ©1132 
5-1.65} 0.040 |0.08-0.13) C1137 
0-1.00| 0.040 |0.08-0.13} C1138 
0-1.00! 0.040 (0.08-0.13) C1140 
1141 0.37-0.45)1.35-1.65} 0.040 |0.08-0.13; C1141 
1144 0.40-0.48]1.35-1.65} 0.040 (0.24-0.33} C1144 
1145 0.42-0.49|0.70-1.00) 0.040 (0.04-0.07} ©1145 
1146 0.42-0.49|0.70-1.00} 0.040 |0.08-0.13} C1146 
1161 0.48-0.55'0.70-1.00} 0.040 (0.08-0.13)} C1151 


1120 0.18-0.23 
1126 0.23-0.29 
1132 0.27-0.34 
1137 0.32-0.39 
1138 0.34-0.40 
1140 0.37-0.44 


FPrFPSoOorFFSS 
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® Because of the technological nature of the process, acid bessemer steels are not furnished with specified silicon content. When silicon is required, the following limits and 
ranges are commonly used for basic open-hearth steel grades: for steel designations up to but excluding SAE 1114, 0.10% maximum; for SAE 1114 and over, 0.10 maximum 


or the ranges of 0.10 to 0.20% or 0.15 to 0.30%. 


Chemical Compositions 
of SAE Alloy Steels 


SAE Standard 


From report of Iron and Steel Division approved June 1911 and last revised by Iron and Steel Technical Committee January 1950. 


[In 1941, the SAE Iron and Steel Division in collaboration with 
the American Iron and Steel Institute made a major change im 
the method of expressing composition ranges for the SAE steels. 
The plan as now applied is based in general on narrower ladle 
analysis ranges plus certain check analysis allowances on individual 
samples, in place of the fixed ranges and limits without tolerances 
formerly provided for carbon and other elements in SAE steels. No 
changes in compositions or additions or deletions of numbers are 
made by either AISI or SAE without first informing the other of 
the proposed changes and holding open discussion between both 
groups in order to effect simultaneous changes]. 


The compositions in this Standard may apply to either open- 
hearth or electric-furnace steels. Where they apply to electric- 
furnace steels, the maximum phosphorus and maximum sulfur 
shall each be 0.025%. The nominal chemical limits or ranges 


in the compositions given in Tables 1 to 11 inclusive are subject 
to standard variations in check analysis given in the SAE Stand- 
ard on Permissible Variations from Specified Chemical Ranges 
and Limits for Steels. 

Tables 1 through 11 are applicable to billets, blooms, slabs, 
and hot-rolled and cold-rolled bars. 


TABLE 1—Manganese Steels 


LADLE CHEMICAL COMPOSITION LIMITS, 7% 


SAE CORRESPOND- 
Number Maxi- | Maxi- inc AISI 
€ Mn pant = Si NUMBER 


1320 |0.18-0.23)1.60-1.90} 0.040 | 0.040 |0.20-0.35) 1320 
1330 |0.28-0.33)1.60-1.90} 0.040 | 0.040 |0.20-0.35) 1330 
1335 |0.33-0.38|1.60-1.90) 0.040 | 0.040 |0.20-0.35) 1335 
1340 |0.38-0.43/1.60-1.90} 0.040 | 0.040 |0.20-0.35, 1340 
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TABLE 2—Nickel Steels 


LADLE CHEMICAL COMPOSITION LIMITs, % 


Where the tables show no letter prefix to the AISI number, the steel is predominantly open hearth. 


For standard variations in composition limits, refer to Table 4 of the SAE Standard on Permissible Variations from Specified Chemical 


Ranges and Limits for Steels. 


TABLE 3—Nickel-Chromium Steels 


LADLE CHEMICAL COMPOSITION LIMITS, % 


SAE CORRESPONDING 

Number é a M aximum Maximum = < AISI NuMBER 
2317 0.15-0.20 0.40-0.60 0.040 0.040 0.20-0.35 3.25-3.75 2317 
2330 0.28-0.33 0.60-0.80 0.040 0.040 0.20-0.35 3.25-3.75 2330 
2340 0.38-0.43 0.70-0.90 0.040 0.040 0.20-0.35 3.25-3.75 2340 
2345 0.43-0.48 0.70-0.90 0.040 0.040 0.20-0.35 3.25-3.75 2345 
2512 0.09-0.14 0.45-0.60 0.025 0.025 0.20-0.35 4.75-5.25 E2512 
2515 0.12-0.17 0.40-0.60 0.040 0.040 0.20-0.35 4.75-5 .25 2515 
2517 0.15-0.20 0.45-0.60 0.025 0.025 0.20-0.35 4.75-5.25 E2517 

* Electric-furnace steel. 


SAE : CORRESPONDING 
Peat Cc Mn parsons oe Si Ni ae : AISI NUMBER 
3115 0.13-0.18 0.40-0.60 0.040 0.040 0.20-0.35 1.10-1.40 0.55-0.75 3115 
3120 0.17-0.22 0.60-0.80 0.040 0.040 0.20-0.35 1.10-1.40 0.55-0.75 3120 
3130 0.28-0.33 0.60-0.80 0.040 0.040 0.20-0.35 1.10-1.40 0.55-0.75 3130 
3135 0.33-0.38 0.60-0.80 0.040 0.040 0.20-0.35 1.10-1.40 0.55-0.75 3135 
3140 0.38-0.43 0.70-0.90 0.040 0.040 0.20-0.35 1.10-1.40 0°55-0.75 3140 
3145 0.43-0.48 0.70-0.90 0.040 0.040 0.20 0.35 1.10-1.40 0.70-0.90 3145 
3150 0.48-0.53 0.70-0.90 0.040 0.040 0.20-0.35 1.10-1.40 0.70-0.90 3150 
3310 0.08-0.13 0.45-0.60 0.025 0.025 0.20-0.35 3.25-3.75 1.40-1.75 E3310 
3316* 0.14-0.19 0.45-0.60 0.025 0.025 0.20-0.35 3.25-3.75 1.40-1.75 E8316 
® Electric-furnace steel. 
TA BLE 4—Molybdenum Steels 
= LADLE CHEMICAL COMPOSITION Limits, % 
SAE CORRESPONDING 
Number % ai Maxim ey Maximum 4 es AISI NuMBER 
4017 0.15-0.20 0.70-0.90 0.040 0.040 0.20-0.35 0.20-0.30 4017 
4023 0.20-0.25 0.70-0.90 0.040 0.040 0.20-0.35 0.20-0.30 4023 
4024 0.20-0.25 0.70-0.90 0.040 3 ie 0.20-0.35 0.20-0.30 4024 
4027 0.25-0.30 0.70-0.90 0.040 0.040 0.20-0.35 0.20+0.30 4027 
4028 0.25-0.30 0.70-0.90 0.040 foes 0.20-0.35 0.20-0.30 4028 
4032 0.30-0.35 0.70-0.90 0.040 0.040 0.20-0.35 0.20-0.30 4032 
4037 0.35-0.40 0.70-0.90 0.040 0.040 0.20-0.35 0.20-0.30 4037 
4042 0.40-0.45 0.70-0.90 0.040 0.040 0.20-0.35 0.20-0.30 4042 
4047 0.45-0.50 0.70-0.90 0.040 0.040 0.20-0.35 0.20-0.30 4047 
4053 0.50-0.56 0.75-1.00 0.040 0.040 0.20-0.35 0.20-0.30 4053 
4063 0.60-0.67 0.75-1.00 0.040 0.040 0.20-0.35 0.20-0.30 4063 
4068 0.63-0.70 0.75-1.00 0.040 0.040 0.20-0.35 0.20-0.30 0468 


* Electric-furnace steel. 
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TABLE 5—Chromium-Molybdenum Steels 
LADLE CHEMICAL COMPOSITION LiuiTs, % 
SAE Rast eee 
Number “ Mn ee —— sie Ni Cr Mo 
4119 0.17-0.22 0.70-0.90 0.040 0.040 0.20-0.35 _ 0.40-0.60 | 0.20-0.30 _— 
4130 0.28-0.33 0.40-0.60 0.040 0.040 0.20-0.35 — 0.80-1.10 “| 0.15-0.25 4130 
4137 0.35-0.40 0.70-0.90 0.040 0.040 0.20-0.35 _ 0.80-1.10 0.15-0.25 4137 
4140 0.38-0.43 0.75-1.00 0.040 0.040 0.20-0.35 _— 0.80-1.10 0.15-0.25 4140 
4145 0.43-0.48 0.75-1.00 0.040 0.040 0.20-0.35 _ 0.80-1.10 0.15-0.25 4145 
4150 0.48-0.53 0.75-1.00 0.040 0.040 0.20-0.35 — 0.80-1.10 0.15-0.25 4150 
TABLE 6—Nickel-Chromium-Molybdenum Steels* 
LADLE CHEMICAL COMPOSITION LIMITS, % 
SAE es os 
eet c Mn ae oo Si Ni Cr Mo 
4317 0.15-0.20 0.45-0.65 0.040 0.040 0.20-0.35 1.65-2.00 0.40-0.60 0.20-0.30 4317 
4320 0.17-0.22 0.45-0.65 0.040 0.040 0.20-0.35 1.65-2.00 §.40-0.60 0.20-0.30 4320 
4340 0.38-0.43 0.60-0.80 0.040 0.040 0.20-0.35 1.65-2.00 0.70-0.90 0.20-0.30 4340 
® See also Table 11. 
TABLE 7—Nickel-Molybdenum Steels 
Sar LADLE CHEMICAL COMPOSITION LIMITS, % co: ESPO ND ING 
Saas Cc Mn Mesa Mes Si Ni Cr Mo Bie 9 
4608 | 0.06-0.14 Q.25-0.45 0.040 0.040 0.25 max 1.40-1.75 — 0.15-0.25 4608 
4615 | 0.13-0.18 0.45-0.65 | 0.040 0.040 0.20-0.35 1.65-2.00 — 0.20-0.30 4615 
4617 | 0.15-0.20 0.45-0.65 | 0.040 0.040 0.20-0.35 1.65-2.00 — 0.20-0.30 _ 
4620 0.17-0.22 0.45-0.65 | 0.040 0.040 0.20-0.35 1.65-2.00 _ 0.20-0.30 4620 
X4620 0.18-0.23 0.50-0.70 0.040 0.040 0.20-0.35 1.65-2.00 — 0.20-0.30 — 
4621 0.18-0.23 0.70-0.90 0.040 0.040 0.20-0.35 1.65-2.00 _— 0.20-0.30 4621 
4640 0.38-0.43 0.60-0.80 0.040 0.040 0.20-0.35 1.65-2.00 _— 0.20-0.30 4640 
4812 0.10-0.15 0.40-0.60 0.040 0.040 0.20-0.35 3.25-3.75 —_ 0.20-0.30 4812 
4815 0.13-0.18 0.40-0.60 0.040 0.040 0.20-0.35 3.25-3.75 _ 0.20-0.30 4815 
4817 0.15-0.20 0.40-0.60 0.040 0.040 0.20-0.35 3.25-3.75 —_— 0.20-0.30 4817 
4820 0.18-0.23 0.50-0.70 0.040 0.040 0.20-0.35 3.25-3.75 —_ 0.20-0.30 4820 
TABLE 8—Chromium Steels 
LADLE CHEMICAL COMPOSITION LIMITS, % 

SAE CORRESPONDING 
Number i: x Maximum Mosinee a AISI NuMBER 
5045 0.43-0.48 0.70-0.90 0.040 0.040 0.20-0.35 0.55-0.75 5045 
5046 0.43-0.50 0.75-1.00 0.040 0.040 0.20-0.35 0.20-0.35 5046 
5115 0.13-0.18 0.70-0.90 0.040 0.040 0.20-0.35 0.70-0.90 mae 
5120 0.17-0.22 0.70-0.90 0.040 0.040 0.20-0.35 0.70-0.90 5120 
5130 0.28-0.33 0.70-0.90 0.040 0.040 0.20-0.35 0.80-1.10 5130 
5132 0.30-0.35 0.60-0.80 0.040 0.040 0.20-0.35 0.75-1.00 5132 
5135 0.33-0.38 0.60-0.80 0.040 0.040 0.20-0.35 0.80-1.05 5135 
5140 0.38-0.43 0.70-0.90 0.040 0.040 0.20-0.35 0.70-0.90 5140 
5145 0.43-0.48 0.70-0.90 0.040 0.040 0.20-0.35 0.70-0.90 5145 
5147 0.45-0.52 0.70-0.95 0.040 0.040 0.20-0.35 0.85-1.15 5147 
5150 0.48-0.53 0.70-0.90 0.040 0.040 0.20-0.35 0.70-0.90 5150 
5152 0.48-0.55 0.70-0.90 0.040 0.040 0.20-0.35 0.90-1.20 5152 
5160 0.55-0.65 0.75-1.00 0.040 0.040 0.20-0.35 0.70-0.90 5160 
50100 0.95-1.10 0.25-0.45 0.025 0.025 0.20-0.35 0.40-0.60 E50100 
51100 0.95-1.10 0.25-0.45 0.025 0.025 0.20-0.35 0.90-1.15 E51100 
52100 0.95-1.10 0.25-0.45 0.025 0.025 0.20-0.35 1.30-1.60 E52100 


SAE 
Number 


6150 


0.48-0.53 
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TABLE 9—Chromium-Vanadium Steel 
LADLE CHEMICAL COMPOSITION Lats, % amen 
Mn ieee aa Si Cr on ena 
0.70-0.90 0.040 0.040 0.20-0.35 0.80-1.10 0.15 6150 


Where the tables show no letter prefix to the AISI number, the steel is predominantly open hearth. 
For standard variations in composition limits, refer to Table 4 of the SAE Standard on Permissible Variations from Specified Chemical 


Ranges and Limits for Steels. 


TABLE 10—Silicon-Manganese Steels 


LADLE CHEMICAL COMPOSITION LIMITS, % 


CORRESPONDING 

as c Mn eae LS Si = AISI NuMBER 
9254 0.50-0.60 0.50-0.80 0.040 0.040 1.20-1.60 0.50-0.80 — 
9255 0.50-0.60 0.70-0.95 0.040 0.040 1.80-2.20 2 9255 
9260 0.55-0.65 0.70-1.00 0.040 0.040 1.80-2.20 2 9260 
9261 0.55-0.65 0.75-1.00 0.040 0.040 1.80-2.20 0.10-0.25 9261 
9262 0.55-0.65 0.75-1.00 0.040 0.040 1.80-2.20 0.25-0.40 9262 

TABLE 11—WNickel-Chromium-Molybdenum Steels* 
LADLE CHEMICAL COMPOSITION LIMITS, % 

SAE Sears maak 
pam! ic Mn P s Si Ni Cr Mo NUMBER 
8615 0.13-0.18 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8615 
8617 0.15-0.20 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8617 
8620 0.18-0.23 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8620 
8622 0.20-0.25 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8622 
8625 0.23-0.28 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8625 
8627 0.25-0.30 0.70-0.90 0.040 0.040 } 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8627 
8630 0.28-0.33 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8630 
8632 0.30-0.35 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8632 
.8635 0.33-0.38 0.75-1 .00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8635 
8637 0.35-0.40 0.75-1.00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8637 
8640 0.38-0.43 0.75-1 .00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8640 
8641 | 0.38-0.43 | 0.75-1.00 | — 0.040 bo 0.20-0.35 | 0.40-0.70 | 0.40-0.60 | 0.15-0.25 | 864i 
8642 0.40-0.45 0.75-1.00 0.040 0.040 0.20-0.35 0 .40-0.70 0.40-0.60 0.15-0.25 8642 
8645 0.43-0.48 0.75-1 .00 0.040 0.040 0.20-0.35 0 .40-0.70 0.40-0.60 0.15-0.25 8645 
8647 0 .45-0.50 0.75-1.00 | 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8647 
8650 0.48-0.53 0.75-1.00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8650 
8653 0.50-0.56 0.75-1.00 0.040 0.040 0.20-0.35 0.40-0.70 0.50-0.80 0.15-0.25 8653 
8655 0.50-0.60 0.75-1 .00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8655 
8660 0.55-0.65 0.75-1 .00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.15-0.25 8660 
8719 0.18-0.23 0.60-0.80 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.20-0.30 8719 
8720 0.18-0.23 0.70-0.90 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.20-0.30 8720 
8735 0.33-0.38 0.75-1 .00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.20-0.30 8735 
8740 0.38-0.43 0.75-1 .00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.20-0.30 740 
8745 0.43-0.48 0.75-1.00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.20-0.30 8745 
8750 0.48-0.53 0.75-1.00 0.040 0.040 0.20-0.35 0.40-0.70 0.40-0.60 0.20-0.30 8750 
9310> 0.08-0.13 0.45-0.65 0.025 0.025 0.20-0.35 3 .00-3 .50 1.00-1.40 0.08-0.15 E9310 
9315> 0.13-0.18 0.45-0.65 0.025 0.025 0.20-0.35 3.00-3 .50 1.00-1.40 0.08-0.15 E9315 
9317> 0.15-0.20 0.45-0.65 0.025 0.025 0.20-0.35 3.00-3 .50 1.00-1.40 0.08-0.15 E9317 
9840 0.38-0.43 0.70-0.90 0.040 0.040 0.20-0.35 0.85-1.15 0.70-0.90 0.20-0.30 9840 
® See also Table 6. 


> Electric-furnace steel. 
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Hardenability Bands for H Steels 


SAE Standard 


Report of Iron and Steel Technical Committee approved August 1947 and last revised April 1950. 


[As the result of cooperative work by the SAE Iron and Steel 
Technical Committee—Division III and the Technical Committee 
on Alloy Steel Bars of the American Iron and Steel Institute, 
hardenability bands have been devised which are considered satis- 
factory for use in describing certain characteristics of constructional 
alloy steels. The hardenability limits and their conditions of use 
as set forth in this Standard were determined by the standard 1-1n. 
end-quench hardenability test. 

Tentative hardenability bands for use with the H steels were 
previously published as No. 11 of the SAE-AISI Contributions to 
the Metallurgy of Steel in July 1944 and in a later edition in 
January 1947. The June 1945 issue of Section 10 of the AISI 
Steel Products Manual also contained the H steels and correspond- 
ing hardenability bands. Since 1945, there have been many tm- 
provements in the hardenability bands and some changes in band 
shape resulting from experience. By joint action, the SAE and 
AISI committees removed the H steels and corresponding hard- 
enability bands from their tentative status in 1948. 

Minimum and maximum hardenability limits for each of the 
H steels are tabulated in this Standard in Rockwell C hardness. 
These values are rounded off to the nearest full hardness unit and 
are to be used for specification purposes. The hardenability bands 
are shown also wn graphical form. 

The SAE and AISI committees continue to collect and compile 


all information on steels furnished to these hardenability limits 


to determine what further modifications are needed.| 


Grades of Steel—H steels and their corresponding minimum 
and maximum hardenability limits are shown for all of the alloy 
steels of Tables 3a to 3v of this Standard for which there were 
sufficient hardenability data and for which grades the standard 
end-quench test can be used. As information is accumulated 
on other grades, this publication will be supplemented. 

Chemical Composition Limits—In order to afford steel produ- 
cers the latitude in manufacturing operations necessary to meet 
a common standard of hardenability limits, the chemical com- 
position limits of these steels have been modified somewhat 
from the ranges or limits applicable to the same grades when 
specified by chemical composition only. These modifications 
permit adjustments in manufacturing ranges of chemistry to 
correct for individual plant melting characteristics which might 
otherwise influence the levels and widths of the bands. The 
modifications have not been great enough to influence the gen- 
eral characteristics of the original compositions of the series 
under consideration. 

The chemical composition limits for both electric-furnace and 
open-hearth steels are outlined in Table 1 and are subject to the 
permissible variations for check analysis outlined in Table 2. 

These chemical compositions apply only to bars, billets, or 
blooms which are not more than 200 sq in. in cross-sectional 
area, nor more than 18 in. in width, and which weigh not more 
than 10,000 Ib per piece. 

Identification—As a means of identifying steels specified to 
hardenability band limits, the suffix letter “H” has been added 
to the conventional series number. It is quite important that 
steel consumers use the suffix letter in specification requirements, 


as there is no other means of determining when hardenability 
band limits apply. When the suffix letter is used, all the conditions 
pertaining to chemical composition limits, restrictions, testing 
technique, and so forth, as outlined herein apply. | 

Grain Size—The limits set forth for bands are intended to 
apply to steels manufactured to fine-grain steel practice. In 
cases where coarse-grain steel is desired, the hardenability limits 
shall be a matter of agreement between producer and consumer. 

Use of Hardenability Limits—Band limits are shown graphi- 
cally with Tables 3a to 3v. They are so depicted for convenience 
in estimating the hardness values obtainable at various locations 
on the end-quench test bar and for quick comparisons of the ~ 
various H grades. The graphs are not to be used for specification — 
purposes. “ 4 

Tables 3a to 3v, inclusive, show the minimum and maximum 
hardness values (Rockwell C) at the corresponding distances 
from the quenched end of the standard end-quench test bar for 
all the H steels. Values from these tables are to be used for speci- 
fication purposes and it is recommended that two points be used 
to designate the hardenability. Those two points may be desig- 
nated in any one of the following ways: 

1. The minimum and maximum hardness values at any de- 
sired distance. This method is illustrated on Fig. 1 as points 


.A-A and would be specified as “J39-52 equals 4 sixteenths.” 


Obviously the distance selected would be that distance on the 
end-quench test bar which corresponds to the section used by 
the consumer. 

2. The minimum and maximum distances at which any de- 
sired hardness value occurs. This method is illustrated on Fig. 1 
as points B-B and would be specified as “J42 equals 3 to 8 six- 
teenths.”’ 

3. Two maximum hardness values at two desired distances, 
illustrated on Fig. 1 as points C-C. 

4. Two minimum hardness values at two desired distances, 
illustrated on Fig. 1 as D-D. 

5. Any minimum hardness plus any maximum hardness. 

Methods of indicating hardenability designation are: 

1. Minimum and maximum hardness values at a desired 
distance, Example A-A: J39/52 = 44 in. 

2. A desired hardness value at minimum and maximum dis- 
tances, Example B-B: J42 = 3{, to 8, in. (Minimum distance 
to nearest sixteenth of an inch at left and maximum to nearest 
sixteenth of an inch at right.) 

3. Two maximum hardness values at two desired distances, 
Example C-C: J50 = 5/¢ in. (max), J384 = 124, in. (max). 

4. Two minimum hardness values at two desired distances, 
Example D-D: J35 = 54g in. (min), J21 = 1%{¢ in. (min). 

General—The steel producer will show on the proper shipping 
papers or by some other acceptable means the hardenability 
characteristics of the heat involved when an H steel is specified. 
The heat hardenability will be shown either by hardness values 
at specified reference points or by hardness values at the follow- 
ing distances from the quenched end of the test specimen: 
14g, 14, 14, 14, 34, 1, 144, 144, 134, and 2 in. No reading below 
20 Rockwell C will be reported. The heat hardenability will be 
determined from either a cast or a forged end-quench harden- 
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HARDENABILITY BAND-_8630 H 


a ee paoe le | Se eee In cases where it is considered desirable, the maximum and 
65 SSeS SSSSSSSSS minimum limits at the 1/,¢-in. point may be specified in addition 
6 pa ee to the other two points. 
y SSS SSS SS SS SS SSS In cases where it is necessary to specif e than t ints 
25 a SSS a SI yi pecily more an two points 
S SSS SS SSS SSS = on the hardenability band (exclusive of the maximum and mini- 
tn SS SSS SS SSSSSSS= mum limits at 1/, in.) a tolerance of two points Rockwell C over 
<< == any small portion of either curve (except at 1/¢ in.) is to be per- 
‘s 45) 22 SS Scena af = y p ( p 716 ) Pp 
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SS, = = SS a individual heats may vary somewhat in shape from the standard 
2 pS Se band limits, and thus may deviate slightly at one or two positions 
a3 Or eo te EE if the full-length curves are specified. The hardenability speci- 
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& 20 SS limits if desired), in which case the tolerance described above does 
(ee not apply 
ie 222 SeS= =—————— 2. More than two specific points up to the entire hardenability 
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ING) 


band, in which case the tolerance described above does apply. 
Method 1 is usually preferred as more pertinent. 


ability test bar. 

The technique of testing for acceptance should be in accord- 
ance with the SAE Recommended Practice, “Method of De- 
termining Hardenability.” 

The hardenability limits set forth have been formulated to 
conform with steel manufacturing practices which represent at 
this time, the narrowest limits that can be produced with regular 


quality steel. Those limits may be used in conjunction with higher 
quality classifications when desired. In either case, all conditions 
and quality features outlined in Section 10 of the latest AISI 
Steel Products Manual apply except for the conditions concern- 
ing chemical compositions, size, and shape of products which 
are modified herein. 


TABLE 1%—Chemical Composition Ranges for Electric-Furnace or Open-Hearth Steel Bars, Billets, and Blooms 
Send Muuabec CHEMICAL COMPOSITION,» ° % 
(SAE or AISI) 
Cc Mn Si Ni Cr Mo 
1320 H 0.17-0.24 1.50-2.00 0.20-0 .35 — = = 
1330 H 0.27-0.34 1.50-2.00 0.20-0.35 _ — = 
1335 H 0.32-0.39 1.50-2.00 0.20-0.35 _ SS = 
1340 H 0.37-0.45 1.50-2.00 0.20-0.35 = = a 
| 2330 H 0.27-0.34 0.55-0.85 0.20-0.35 3.20-3.80 _ == 
| 2512 H 0.08-0.15 0.35-0.65 0.20-0.35 4.70-5.30 —= — 
| 2515 H 0.11-0.18 0.35-0.65 0.20-0.35 4.70-5.30 = = 
2517 H 0.14-0.21 0.35-0.65 0.20-0.35 4.70-5 .30 == = 
3120 H 0.17-0.24 0.55-0.85 0.20-0.35 1.00-1.50 0.50-0.80 = 
3130 H 0.27-0.34 0.55-0.85 0.20-0.35 1.00-1.50 0.50-0.80 = 
$135 H 0.32-0.39 0.55-0.85 0.20-0.35 1.00-1.50 0.50-0.80 == 
3140 H 0.37-0.45 0.60-0.95 0.20-0.35 1.00-1.50 0.50-0.80 Pas 
3310 H 0.07-0.14 0.35-0.65 0.20-0.35 3.20-3 .80 1.35-1.75 = 
3316 H 0.18-0.20 0.35-0.65 0.20-0.35 3.20-3.80 1.35-1.75 = 
4032 H 0.30-0.37 0.60-0.95 0.20-0.35 — — 0.20-0.30 
4037 H 0.35-0.43 0.60-0.95 0.20-0.35 _ 0.20-0.30 
4042 H 0.40-0.48 0.60-0.95 0.20-0.35 —_ — 0.20-0.30 
4047 H 0.44-0.52 0.60-0.95 0.20-0.35 — — 0.20-0.30 
4053 H 0.49-0.57 0.70-1.05 0.20-0.35 — oo 0.20-0.30 
4063 H 0.59-0.69 0.70-1.05 0.20-0.35 — —_ 0.20-0.30 
4068 H 0.62-0.72 0.70-1.05 0.20-0.35 — — 0.20-0.30 


(Table continued on next page.) 
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TABLE 1:—Chemical Composition Ranges for Electric-Furnace or Open-Hearth Steel Bars, Billets, and Blooms (Continued) 


Steel Number 


CHEMICAL COMPOSITION, >:°% 


KE ASD) Cc Mn Si= Ni Cr Mo 
4130 H 0.27-0.34 0.35-0.65 0.20-0.35 — 0.80-1.15 0.15-0.25 
4182 H 0.30-0.37 0.35-0.65 0.20-0.35 — 0.80-1.15 0.15-0.25 
4135 H 0.32-0.39 0.60-0.95 0.20-0.35 — 0.80-1.15 0.15-0.25 
4137 H 0.35-0.43 0.60-0.95 0.20-0.35 ie 0.80-1.15 0.15-0.25 
4140 H 0.37-0.45 0.70-1.05 0.20-0.35 —_— 0.80-1.15 0.15-0.25 
4142 H 0.40-0.48 0.70-1.05 0.20-0.35 — 0.80-1.15 0.15-0.25 
4145 H 0.42-0.50 0.70-1.05 0.20-0.35 — 0.80-1.15 0.15-0.25 
4147 H 0.44-0.52 0.70-1.05 0.20-0.35 — 0.80-1.15 0.15-0.25 
4150 H 0.46-0.54 0.70-1 .05 0.20-0.35 — 0.80-1.15 0.15-0.25 
4317 H 0.14-0.21 0.40-0.70 0.20-0.35 1.50-2.00 0.35-0.65 0.20-0.30 
4320 H 0.16-0.23 0.40-0.70 0.20-0.35 1.50-2.00 0.35-0.65 0.20-0.30 
4337 H 0.35-0.438 0.55-0.85 0.20-0.35 1.50-2.00 0.65-0.95 0.20-0.30 
4340 H 0.37-0.45 0.60-0.95 0.20-0.35 1.50-2.00 0.65-0.95 0.20-0.30 
4620 H 0.17-0.24 0.40-0.70 0.20-0.35 1.50-2.00. — 0.20-0.30 

X4620 H 0.17-0.24 0.45-0.75- 0.20-0.35 1.50-2.00 — 0.20-0.30 
4621 H 0.17-0.24 0.60-0.95 0.20-0.35 1.50-2.00 — 0.20-0.30 
4640 H 0.37-0.45 0.55-0.85 0.20-0.35 1.50-2.00 — 0.20-0.30 
4812 H 0.10-0.17 0.30-0.60 0.20-0.35 3.20-3.80 — 0.20-0.30 
4815 H 0.12-0.19 0.35-0.65 0.20-0.35 3.20-3.80 — 0.20-0.30 
4817 H 0.14-0.21 0.35-0.65 0.20-0.35 3.20-3.80 — 0.20-0.30 
4820 H 0.17-0.24 0.45-0.75 0.20-0.35 3.20-3.80 — 0.20-0.30 
5120 H 0.17-0.24 0.60-0.95 0.20-0.35 — 0.65-0.95 — 
5130 H 0.27-0.34 0.60-0.95 * 0.20-0.35 — 0.80-1.15 — 
5132 H 0.28-0.35 0.50-0.85 0.20-0.35 — 0.70-1.05 — 
5135 H 0.32-0.39 0.55-0.85 0.20-0.35 — 0.75-1.10 a 
5140 H 0.37-0.45 0.60-0.95 0.20-0.35 — 0.65-0.95 — 
5145 H 0.42-0.50 0.60-0.95 0.20-0.35 — 0.65-0.95 — 
5147 H 0.44-0.52 0.65-1.00 0.20-0.35 — 0.85-1.20 — 
5150 H 0.46-0.54 0.60-0.95 0.20-0.35 — 0.65-0.95 — 
5152 H 0.48-0.56 0.60-0.95 0.20-0.35 — 0.90-1.25 a 
6160 H 0.55-0.65 0.70-1.05 0.20-0.35 — 0.65-0.95 a 
6150 H 0.46-0.54 0.60-0.95 0.20-0.35 _— 0.80+1.15 (0.15 min V®) 
8617 H 0.14-0.21 0.60-0.95 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8620 H 0.17-0.24 0.60-0.95 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8622 H 0.20-0.27 0.60-0.95 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8625 H 0.22-0.29 0.60-0.95 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8627 H 0.25-0.32 0.60-0.95 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8630 H 0.27-0.34 0.60-0.95 0.20-0.35 : 0.35-0.75 0.35-0.65 0.15-0.25 
8632 H 0.30-0.37 0.60-0.95 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8635 H 0.32-0.39 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8637 H 0.35-0.43 0.70-1.05 0.20-0.35 | 0.35-0.75 0.35-0.65 0.15-0.25 
8640 H 0.37-0.45 0.70-1.05 0.20-0.35 | 0.35-0.75 0.35-0.65 0.15-0.25 
8641 Hé 0.37-0.45 0.70-1.05 0.20-0.35 | 0.35-0.75 0.35-0.65 0.15-0.25 
8642 H 0.40-0.48 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8645 H 0.42-0.50 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8647 H 0.44-0.52 0.70-1.05 0.20-0.35 | 0.35-0.75 0.35-0.65 0.15-0.25 
8650 H 0.46-0.54 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.15-0.25 
8653 H 0.49-0.57 0.70-1.05 0.20-0.35 | 0.35-0.75 0.50-0.85 0.15-0.25 
8655 H 0.59-0.60 0.70-1.05 0.20-0.35 | 0.35-0.75 0.35-0.65 0.15-0.25 

H 0.55-0.65 0.70-1.05 0.20-0.35 | 0.35-0.75 0.35-0.65 0.15-0.25 


8660 


(Table continued on next page.) 
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| =>PABLE 1*—Chemical-Composition Ranges forElectric-Furndce or Open-Hearth Steel Bars, Billets, and Blooms (Concluded) 


CHEMICAL COMPOSITION,» © % 


ree eel Number ~ = z ats 
“GAB or AIS ——— — = - 

-, ES He i Foat Seehogeen En Si Ni Cr Mo 
8720 H é O.d7=0124 0.60-0.95 0.20-0.35 0.35-0.75 0.35-0.65 0.20-0.30 
. $735 H _  0.32-0,39 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.20-0.30 
8740 H ~ 0.37-0.45 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.20-0.30 
ico 8742 H 0.40-0.48 ° 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.20-0.30 
oo > 6745 | 0.42-0.50 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.20-0.30 
8747 H 0.44-0.52 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.20-0.30 
ca oon 8750; 0.46-0.54 0.70-1.05 0.20-0.35 0.35-0.75 0.35-0.65 0.20-0.30 

~ 9260 H | 0.55-0.65 0.70-1.05 1.70-2.20 — — — 

9261 H 0.55-0.65 0.70-1.05 1.70-2.20 _ 0.05-0.35 — 

9262 H 0.55-0.65 — 0.70-1.05 1.70-2.20 — 0.20-0.50 — 
9310 H 0.07-0.14 0.40-0.70 0.20-0.35 2.95-3.55 1.00-1.45 0.08-0.15 

aa ee even cee 

% 9437 H - -0.35-0.43 0.85-1.25 0.20-0.35 0.25-0.65 0.25-0.55 0.08-0.15 
9440 H 0.37-0.45 0.85-1.25 0.20-0.35 0.25-0.65 0.25-0.55 0.08-0.15 
9442 H 0.40-0.48 0.95-1.35 0.20-0.35 0.25-0.65 0.25-0.55 0.08-0.15 
9445 H 0.42-0.50 0.95-1.35 0.20-0.35 0.25-0.65 0.25-0.55 0.08-0.15 


* The ranges and limits in this table apply only to material not exceeding 200 sq in. in cross-sectional area, 18in. in width, or 10,000 lb per piece in weight. Ranges and 
limits are subject to the standard permissible variations for check analysis shown in Table 2 of this Standard. 
Small quantities of certain elements may be found in alloy steel which are not specified or required. These elements are to be considered as incidental and acceptable to 
the following maximum amounts: copper to 0.35%, nickel to 0.25%, chromium to 0.20%, and molybdenum to 0.06%. 
° Maximum phosphorus and sulfur in open-hearth steel are to be 0.040% each, except for 8641 H. Maximum phosphorus and sulfur are to be 0.025% each, except for 8641 H. 


4 Sulfur content range is 0.040-0.060%. 


evVv= vanadium. 


TABLE 2—Standard Permissible Variations from Specified Chemical Ranges and Limits Applicable to Electric- 
Furnace and Open-Hearth H Steels 


STANDARD VARIATION STANDARD VARIATION 
BY SIZE RANGES, % BY SIZE RANGES, % 
OVER MAXIMUM LIMIT OVER MAXIMUM LIMIT 
LIMIT OR MAXIMUM OF SPECIFIED OR ENDER NOM LIMIT OR MAXIMUM OF SPECIFIED OE ONDER SUNIUM 
ELEMENT RANGE, % LIMIT ELEMENT eine 7 LIMIT 
. Over 100 . Over 100 
Nor less | £2200 Norless | % 200 
Carbon to 0.25 inclusive 0.01 0.02 Nickel to 1.00 inclusive 0.03 0.03 
over 0.25 to 0.75 inclusive | 0.02 0.03 over 1.00 to 2.00 inclusive | 0.05 0.05 
over 2.00 to 5.30 inclusive | 0.07 0.07 
Manganese to 0.90 inclusive 0.03 0.04 
over 0.90 to 2.10 0.04 0.05 Chromium to 0.90 inclusive 0.03 0.04 
over 0.90 to 2.10 inclusive | 0.05 0.06 
Phosphorus over maximum only 0.005 | 0.01 
Molybdenum to 0.20 inclusive 0.01 0.01 
Sulfur to 0.60 inclusive 0.005 | 0.01 over 0.20 to 0.40 inclusive | 0.02 0.03 
Silicon to 0.35 inclusive 0.02 0.02 Vanadium Minimum value only speci-) 0.01 0.01 
over 0.35 to 2.20 inclusive | 0.05 0.06 fied; check under speci- 
fications 


(Continued on next page.) 
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TABLE 3a—Band Limits for 1320 H, 1330 H, 1335 H, and 1340 H 
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Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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Tabulated values have been adjusted to the nearest Rockwell 


C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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4068 H, 4130 H, 4132 H, 4135 H 


TABLE 3f—Band Limits for 4068 H, 4130 H, 4132 H, and 4135 H 


GRADE 
J DISTANCE, 
IN. 4068 H 4130 H 4132 H 4135 H 
Max Min Max Min Max Min Max Min 
Ye = 60 54 46 56 48 57 50 
uA _— 60 54 45 55 47 57 50 
X46 _ 60 53 42 55 45 57 49 
\% _— 59 51 38 54 42 56 48 
He 65 56 49 34 52 37 56 47 
34 64 45 47 3l 50 34 55 45 
VAs 63 39 44 29 47 32 54 42 
4% 62 36 42 27 45 31 53 40 
He 60 35 40 26 43 30 52 38 
56 58 34 38 26 41 29 51 36 
li, 55 33 36 25 39 28 50 34 
34 52 33 35 25 38 28 49 33 
13/6 49 33 34 24 37 27 48 32 
1% 47 32 34 24 37 27 47 31 
154, 45 32 33 23 36 26 46 30 
1 44 32 33 23 36 26 45 30 
11g 42 31 32 22 35 25 44 29 
1% 41 31 32 21 34 24 42 28 
13% 40 30 32 20 33 23 41 27 
14% 39 30 31 — 33 22 40 27 
1% 38 29 31 — 33 21 39 27 
134 38 29 30 = 32 21 38 26 
1K 38 28 30 = 32 20 38 26 
2 37 28 29 — 32 20 37 26 


Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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8645 H, 8647 H, 8650H, 8653 H 
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TABLE 3q—Band Limits for 8645 H, 8647 H, 8650 H, and 8653 H 
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CHEMICAL SPECIFIGATIONS ONLY. 
STANDARD BAND FOR 86465 H 
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Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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8655 H, 8660 H, 8720 H, 8735H 


TABLE 3r—Band Limits for 8655 H, 8660 H, 8720 H, and 8735 H 


GRADE 
J DISTANCE, 
IN. 8655 H 8660 H 8720 H 8735 H 
Max Min Max Min Max Min Max Min 

Ye == 60 = 60 48 40 57 49 
XK — 59 = 60 - 47 38 57 49 
Xe — 59 — 60 45 35 57 49 
yy = 58 == 60 42 30 56 48 
He — 57 = 60 38 26 55 45 
3g = 56 = 59 35 24 54 41 
Keo — 55 = 58 33 22 53 37 
4 —s 54 —_ 57 31 21 51 35 
Ke — 52 — 55 30 20 49 33 
56 65 49 — 53 29 —_— 48 31 
14, 65 46 — 50 28 —_ 46 30 
34 43 — 47 27 = 45 29 
13/6 64 41 _ 45 26 —_— 44 28 
% 63 40 — 44 26 — 42 27 
1346 63 29 — 43 25 = 41 26 
1 62 38 65 42 25 — 39 26 
1K 61 37 64 40 24 = 38 25 
1% 60 35 64 39 24 = 36 25 
13¢ 59 34 63 38 23 = 36 24 
14% 58 34 62 37 23 — 35 24 
154 57 33 62 36 23 = 35 24 
13% 56 33 61 36 23 = 35 23 
1K 55 32 60 35 22 = 35 23 
2 53 32 60 35 22 = 35 23 


Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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8750 H, 9260 H, 9261 H, 9262 H 


TABLE 3t—Band Limits for 8750 H, 9260 H, 9261 H, and 
9262 H 


GRADE 


J DISTANCE, 
IN. 


Ye 65 58 = 60 a= 60 saa 60 
A 65 58 = 60 a 60 = 60 
Ho 65 57 65 57 aa 60 = 60 
yy 64 57 64 53 65 59 = 60 
46 64 56 63 46 65 56 — 58 
3% 63 56 62 4] 64 52 65 56 
“6 63 55 60 38 64 47 65 53 
4% 62 53 58 36 63 42 64 48 
Ke 62 51 55 36 62 39 63 42 
56 61 49 52 35 60 37 62 39 
16 60 47 49 34 57 36 61 37 
34 60 45 47 34 54 36 59 37 


1% 57 37 38 31 39 33 45 34 
1% 55 35 37 31 38 32 43 33 
134 53 34 36 30 37 31 41 33 
1% 52 33 36 30 37 31 39 32 
1% 51 33 35 29 36 30 38 31 
134 50 32 35 29 36 30 37 31 
1% 49 32 35 28 35 29 36 30 
2 48 32 34 28 35 29 36 30 


Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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Tabulated values have been adjusted to the nearest Rockwell 
C unit and are to be used when points are selected and specified. 


For chemical compositions, see Tables 1 and 2. 
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STEEL SPECIFICATIONS AND STANDARD COMPOSITIONS 


Chemical Compositions 


of SAE Wrought Stainless Steels 


SAE Standard 


From report of Iron and Steel Division approved June 1911 and last revised by Iron and Steel Technical Committee January 1950. 


TABLE 1—Wrought Chromium-Nickel Austenitic Steels (Not Capable of Heat-Treatment) 


CHEMICAL COMPOSITION LIMITS, % 


SAE AISI 
gas im mae ae me Be Cr range Ni range Other elements | 
30301 0.08-0.15 2.00 1.00 0.04 0.03 | 16.00-18.00 | 6.00- 8.00 — 301 
30302 0.08-0.15 2.00 1.00 0.04 0.03 | 17.00-19.00 | 7.00-10.00 — 302 
30303F 0.15 max. 2.00 1.00 _— — 17.00-19.00 | 8.00-10.00 | P, S, Se min. 0.07 303 

Zr, Mo max. 0.60 
30304 0.08 max. 2.00 1.00 0.04 0.03 | 18.00-20.00 | 8.00-11.00 — 304 
30305 0.12 max. 2.00 1.00 0.04 0.03 | 17.00-19.00 | 10.00-13.00 — 305 
30309 0.20 max. 2.00 1.00 0.04 0.03 | 22.00-24.00 | 12.00-15.00 — 309 
30310 0.25 max. 2.00 1.50 0.04 0.03 | 24.00-26.00_| 19.00-22.00 — 310 
30316 0.08 max. 2.00 1.00 0.04 0.03 | 16.00-18.00 | 10.00-14.00 | Mo 2.00-3.00 316 
30317 0.08 max. 2.00 1.00 0.04 0.03 | 18.00-20.00 | 11.00-15.00 | Mo 3.00-4.00 317 
30321 0.08 max. 2.50 1.50 0.04 0.03 | 17.00-19.00 ;} 8.00-12.00 | min. Ti5 xX C 321 
30325 0.25 max. |0.60-0.90/1.00-2.00} — — 7.00-10.00 | 19.00-23.00 | Cu 1.00-1.50 325 
30347 0.08 max. 2.50 1.50 0.04 0.03 | 17.00-19.00 | 9.00-13.00 | min. Cb 10 X C 347 
TABLE 2—Wrought Stainless Chromium Irons and Steels 
CHEMICAL COMPOSITION LIMITS, % 
Nosnbert be 
Cc ao es eee Hee. Cr range Ni range Other elements 
51410 0.15 max. 1.00 1.00 0.04 0.03 11.50-13.50 = — 410 
51414 0.08-0.15 1.00 1.00 0.04 0.03 11.50-13.50 1.25-2.50 — 414 
51416F 0.15 max. 1.25 1.00 — — 12.00-14.00 — P, S, Se min. 0.07 416 
Zr, Mo max. 0.60 
51420 0.30-0.40 1.00 1.00 0.04 0.03 12.00-14.00 = =a 420 
51420F 0.30-0.40 125 1.00 — — 12.00-14.00 _— P, 8, Se min. 0.07 eo 
Zr, Mo max. 0.60 
51430 0.12 max. 1.00 1.00 0.04 0.03 14.00-18.00 —_ — 430 
51430F 0.12 max. 25 1.00 — — 14.00-18.00 — P, S, Se min. 0.07 — 
Zr, Mo max. 0.60 
§1431 0.20 max. 1.00 1.00 0.04 0.03 15.00-17 .00 1.25-2.50 — 431 
51440A 0.60-0.75 1.00 1.00 0.04 0.03 16 .00-18.00 — max. Mo 0.75 440A 
51440B 0.75-0.95 1.00 1.00 0.04 0.03 16 .00-18.00 — max. Mo 0.75 440B 
51440C 0.95-1 .20 1.00 1.00 0.04 0.03 16 .00-18.00 — max. Mo 0.75 440C 
51440F 0.95-1.20 Te25 1.00 = ~- 16 .00-18.00 — P,S, Se min. 0.07 — 
Zr, Mo max. 0.75 
51442 0.20 max. 1.00 1.00 0.04 0.035 | 18.00-23.00 = aid 442 
51446 0.25 max. 1.00 1.00 0.04 0.03 23 .00-27 .00 1.00 max. — 446 
51501 Over 0.10 1.00 1.00 0.04 0.08 4.00— 6.00 — — 501 


® Suffix F is used to denote a free-machining steel. Suffixes A, B, and C are used to denote three types of steel differing only in carbon content. 


STEEL SPECIFICATIONS AND STANDARD COMPOSITIONS 71 


Methods of Sampling Steel 


SAE General Information 


Report of Iron and Steel Division approved January 1912 and last revised by Iron and Steel Technical Committee January 1950. 


Definitions—Ladle analysis is the term applied to the average 
chemical composition of a heat or blow of steel before it is poured 
into the ingot molds. It is determined by the analysis of one 
or more samples taken during the pouring of the first or middle 
part of the heat or blow from the teeming ladle into the molds. 

Ladle sampling is the common practice in most steel melting 
operations of obtaining more than one ladle test sample from 
each heat or blow; often three or more are taken representing 
the first, middle, and last portions of the heat or blow. Drillings 
taken from the first sample or middle sample are used in deter- 
mining the ladle analysis because experience has shown that 
these locations most closely represent the chemical analysis of 
the entire heat or blow. The additional samples are used for sur- 
vey of uniformity and for control purposes. 

Check analysis, as used in the steel industry, means an analysis 
of the metal after it has been rolled or forged into semi-finished 
or finished forms, and is either for the purpose of verifying the 
average composition of a heat, blow, or lot as represented by the 
ladle analysis, or to determine variations in the composition of a 
heat, blow, or lot. It is not used, as the term might imply, for a 
duplicate determination made to confirm a previous result. The 
results of analyses representing different locations in the same 
piece or taken from different pieces of a lot may differ from each 
other and from the ladle analysis due to segregation. 

Segregation is the result of that natural phenomenon in the 
solidification of a steel ingot in which various components of the 
steel having the lowest freezing points are concentrated in parts 
of the ingot last to solidify. This concentration at different loca- 
tions results in such a distribution of elements in the ingot that 


certain areas contain more, while others contain less, of a given 


| 
) 


element than the average composition of the ingot as a whole. 

Segregation in varying degrees is found in all types of steel 
ingots. The principal factors affecting the amount of segregation 
are the type and composition of steel, the casting temperature, 
the ingot shape and size, and the inherent segregating charac- 
teristics of the elements being considered. 

Rimmed or capped steels are characterized by a lack of uni- 
formity in their chemical composition, especially for the ele- 
ments carbon, phosphorus, and sulfur, and for this reason check 
analysis is not considered appropriate for these elements unless 
misapplication is clearly indicated. 


A 


Fia. 1—Location oF SaMPLES FOR CHECK ANALYSIS 


In all types of steel, because of the degree to which phosphorus 
and sulfur tend to segregate, check analysis for these elements is 
equally inappropriate for rephosphorized or resulphurized steels 
unless indications of misapplication clearly exist. 

The effect of segregation makes the ladle analysis more repre- 
sentative of the average composition of a melt of steel than the 
analysis of a single sample from the finished material. However 
check analyses of properly located samples will afford a reason- 
able comparison with the ladle analysis if taken from a sufficient 
number of pieces of the finished material to constitute a fair 
average. 

Methods of Sampling for Check Analysis—Each heat or blow 
of steel in a lot or shipment is considered separately. To indicate 
adequately the representative composition of a heat, blow, or 
lot, samples selected to represent the melt as fairly as possible 
are taken from a minimum number of pieces as follows: 

Four pieces for lots up to 15 tons, inclusive 
Six pieces for lots over 15 tons. 
If the number of pieces in a melt is less than the number of 


- samples specified above, one sample shall be taken from each 


piece. 

Location of Samples—Large Sections—For large sections in- 
cluding blooms, billets, slabs, rounds, squares, shapes, and others, 
samples. shall be taken at any point midway between the outside 
and the center of the piece by drilling parallel to the axis. In 
cases where this is not practicable, the piece shall be drilled on 
the side (Figs. 1B and 1C), but the drillings shall not be collected 
until they represent the portion midway between the outside 
and the center. The tension test specimen may be used for 
sampling if it conforms to the above conditions. 

Bored Forgings—F¥or bored forgings, samples shall be taken 
midway between the inner and outer surface of the wall. 

Methods of Sampling—Thin Material—For thin material or 
material of small cross-section such as plates, shapes, bars whose 
cross-sectional area does not exceed 0.75 sq in., and others, the 
method described above for large sections is not applicable and 
the sample shall be taken by machining off the entire cross- 
section, or if this is not possible, by drilling entirely through the 
material at a point midway between the outside and the center 
(Fig. 1A). 

Sheets Rolled Longitudinally—For sheets rolled from slabs or 
bars longitudinally, the specimen for sampling shall be cut 2 in. 
in width and across the full width of the sheet as rolled. The 
specimen shall be cleaned by pickling or light grinding and 
then folded once or more by bringing the ends together and clos- 
ing the bend. The sample for analysis shall be taken in the middle 
of this length by milling the inside sheared edges or drilling 
entirely through from the flat surface. Sampling by milling is 
preferable. For sheets of a light gage, several specimens may be 
taken and stacked together before folding. 

Sheets Rolled Transversely—For sheets rolled from slabs or 
bars transversely, the specimen shall be cut from the side of the 
sheet, halfway between the middle and end as rolled 2 in. in 
width and 18 in. in length. If the sheet is No. 20 gage (24 oz 
per sq ft or 0.0359 in. thick) or lighter, the specimen shall be 
cut from the full length of the sheet as rolled. The specimen 
selected shall be cleaned by pickling or grinding and then folded 
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once or more by bringing the ends together and closing the bend. 
The sample for analysis shall be taken in the middle of this 
length by milling the inside sheared edges or drilling entirely 
through from the flat surface. Sampling by milling is preferable. 

Sheets Not of the Full Size Rolled—Sheets cut from larger sheets 
and not of the full size rolled shall be sampled by milling or 
drilling the sheet in a sufficient number of places so that the 
sample is representative of the entire sheet. The sampling may 
be facilitated by folding the sheet both ways. 


Preparation of Samples—Steel subjected to check analysis 
should be in the condition as received from the steel producer 
because if it has been subjected to subsequent: heating operations 
it may not yield analytical results which properly represent its 
original composition. 

Drillings or chips are taken without the application of water, 


Tentative Permissible Variations 
from Specified Chemical Ranges 


and Limits for Steels 


oil, or other lubricant, and must be free from scale, grease, dirt, 
or other foreign substances. They should not be over-heated 
during cutting to the extent of causing decarburization. Chips 
must be well mixed, and those too coarse to pass a No. 10 (2000 
microns) sieve or too fine to remain on a No. 30 (590 microns) 
sieve are not suitable for proper analysis. Sieve size numbers 
are ASTM designations. : 

When chips are taken by drilling, for pieces having a cross- 
sectional area up to 16 sq in., inclusive, the diameter of the drill 
is approximately 14 in.; for steel over 16 sq in. cross-sectional 
area, the diameter of the drill is approximately 1 in. Each sample 
commonly consists of not less than 2 oz of drillings. 

In referring samples to other analysts for check analyses, pieces 
of the original full-size section, when possible, should be sub- 
mitted rather than cuttings unless the latter are specifically 
requested. 


SAE Standard 


From report of Iron and Steel Division approved January 1942 and last revised by Iron and Steel Technical Committee January 1949. 


Check analysis is applicable where a high degree of uniformity 
in composition is essential—for example, material that is to be 
heat-treated. Individual determinations may vary from the 
specified ranges or limits to the extent shown in Tables 1 and 4, 
but the several determinations of a single element in any one 
melt may not vary both above and below the specified range. 

In the carbon-steel series, rimming steel is sometimes speci- 
fied or required because of the physical characteristics inherent 
in that type of steel. In these applications, check-analysis results 
are not essential as a measure of the desired properties. Rimming 
steel and capped steel are characterized by a lack of homogeneity 
in their chemical composition, especially for the elements carbon, 
phosphorus, and sulfur. Therefore, check analysis is not ap- 
plicable for elements other than manganese and copper. 

Rephosphorized steel is not subject to check analysis for phos- 
phorus, and resulfurized steel is not subject to check analysis 
for sulfur unless misapplication is clearly indicated. 


(Tables 2-4 on next page.) 


TABLE 1—Permissible Variations from Specified Chemical Ranges 

and Limits for Open-Hearth and Acid Bessemer Carbon Steel in 

Hot-Rolled and Cold-Finished Bars and Semi-Finished for Forging 
to 100 Square Inches Inclusive and Seamless Welded Tubing 


VARIATION, %, 
ELEMENT LIMIT OR MAXIMUM OF SPECIFIED OVER THE MAXIMUM 
RANGE, ‘/o LIMIT OR UNDER THE 
MINIMUM LIMIT 
Carbon to 0.25 inclusive 0.02 
over 0.25 to 0.55 inclusive 0.03 
over 0.55 0.04 
Manganese to 0.90 inclusive 0.03 
over 0.90 to 1.65 inclusive 0.06 
Phosphorus* | open-hearth steel, to 0.05 in- 0.008 
clusive 
bessemer steel, to 0.12 inclu- 0.01 
sive 
Sulfur to 0.06 inclusive 0.008 
Silicon to 0.35 inclusive 0.02 
over 0.35 to 0.60 inclusive 0.05 
Copper? for copper steel 0.02 


sy Over maximum, only. 


Under minimum, only. 


TABLE 2—Permissible 
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Variations from Specified Chemical 


Ranges and Limits for Basic Open-Hearth and Acid 


Bessemer Carbon Steel Wire Rods 


VARIATION, %, 


Tubing 
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TABLE 3—Permissible Variations from Specified Chemical Ranges 
and Limits for Basic Open-Hearth and Acid Bessemer Carbon- 
Steel Structural Shapes and Plates, Sheet, Strip, and Welded 


| 
| 
| 
it 


ELEMENT LIMIT OR MAXIMUM OF SPECIFIED OVER THE MAXIMUM 
RANGE, % LIMIT OR UNDER THE VARIATION OVER THE 
MINIMUM LIMIT MAXIMUM LIMIT OR UNDER 
ELEMENT LIMIT OR MAXIMUM OF SPECIFIED THE: MINIMUM LOOT, 
Carbon to 0.30 inclusive 0.01 siete fat Under Over 
over 0.30 to 0.75 inclusive 0.01 ee Nee en 
over 0.75 0.02 
Carbon to 0.15 inclusive 0.02 0.03 
Manganese to 0.90 inclusive 0.02 over 0.15 to 0.40 inclusive] 0.03 0.04 
over 0.90 to 1.65 inclusive 0.03 over 0.40 to 0.80 inclusive} 0.03 0.05 
over 0.80 0.03 0.06 
Phosphorus* | open-hearth steel, to 0.05 in- 0.005 
clusive Manganese to 0.60 inclusive 0.03 0.03 
bessemer steel, to 0.12 inclu- 0.01 over 0.60 to 1.15 inclusive} 0.04 0.04 
sive over 1.15 to 1.65 inclusive} 0.05 0.05 
Sulfur? to 0.06 inclusive 0.005 Phosphorus — — 0.01 
Silicon to 0.35 inclusive 0.02 Sulfur — = 0.01 
over 0.35 to 0.60 inclusive 0.05 
Silicon to 0.30 inclusive 0.02 0.03 
Copper? for copper steel 0.02 over 0.30 to 0.60 0.05 0.05 
Ute aus only. Copper ~ 0.02 = 


Steels and Electric-Furnace Carbon Steels in All Hot-Rolled and Cold-Finished Sizes 


TABLE 4:—Permissible Variations from Specified Chemical Ranges and Limits for Basic Open-Hearth and Electric-Furnace Alloy 


VARIATION BY SIZE RANGES, VARIATION BY SIZE RANGES, 
%, OVER MAXIMUM LIMIT %, OVER MAXIMUM LIMIT 
OR UNDER MINIMUM LIMIT OR UNDER MINIMUM LIMIT 
— LIMIT OR MAXIMUM OF SPECI- 
ELEMENT uae ates: RANGE, 7% = 100 | Over | Over | 6, ies sag eos 100 | Over | Over | 9, 
sq. in. pee 4 a Ae 400" sais sup te en pte Hee 
ee sq in. | sq in. | *4 ‘ less | sqin.| sqin. | 54 in. 
Carbon to 0.30 inclusive 0.01 | 0.02} 0.03) 0.04 Chromium to 0.90 inclusive 0.03 | 0.04] 0.04) 0.05 
over 0.30 to 0.75 inclu- |0.02 | 0.03) 0.04} 0.05 over 0.90 to 2.10 inclu- |0.05 | 0.06) 0.06} 0.07 
sive sive 
over 0.75 0.03 | 0.04) 0.05) 0.06 over 2.10 to 3.99 0.10 | 0.10) 0.12) 0.14 
Manganese to 0.90 inclusive 0.03 | 0.04) 0.05) 0.06 Molybdenum /| to 0.20 inclusive 0.01 | 0.01) 0.02) 0.03 
over 0.90 to 2.10 inclu- |0.04 | 0.05) 0.06) 0.07 over 0.20 to 0.40 inclu- |0.02 | 0.03) 0.03} 0.04 
sive sive 
ea over 0.40 to1.00inclu- |0.03 | 0.04! 0.05; 0.06 
Phosphorus® 0.005) 0.01) 0.01) 0.01 sive 
Sulfur to 0.060 inclusive 0.005} 0.01) 0.01) 0.01 Tungsten to 1.00 inclusive 0.04 | 0.05) 0.05) 0.06 
over 0.060, not subject over 1.00 to 4.00 inclu- |0.08 | 0.09) 0.10) 0.12 
to check analysis sive 
——/ —____ | 1 
Silicon to 0.35 inclusive 0.02 | 0.02) 0.03} 0.04 Vanadium to 0.10 inclusive 0.01 | 0.01} 0.01) 0.01 
over 0.35 to 2.20 inclu- |0.05 | 0.06) 0.06) 0.07 over 0.10 to 0.25 inclu- |0.02 | 0.02) 0.02) 0.02 
sive sive 
——_|-—— over 0.25 to 0.50 inclu- |0.03 | 0.03) 0.03) 0.03 
Nickel to 1.00 inclusive 0.03 | 0.03) 0.03; 0.03 sive 
over 1.00 to 2.00 inclu- |0.05 | 0.05) 0.05) 0.05 Minimum value only /|0.01 | 0.01) 0.01) 0.01 
sive specified; check under 
over 2.00 to 5.30 inclu- |0.07 | 0.07| 0.07) 0.07 specification. 
sive 
over 5.30 0.10 | 0.10} 0.10) 0.10 Aluminum to 1.50 inclusive 0.10 | 0.10) 0.10; 0.10 


® Conforms with Table 4, Section 10 of AISI Steel Products Manual, July 1947. 
Over maximum, only. 
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High-Strength, Low-Alloy 
Steel, SAE 950 


SAE Recommended Practice 


Report of Iron and Steel Technical Committee approved January 1947 and last revised January 1949. 


High-strength, low-alloy steel. represents a specific type of 
steel in which enhanced mechanical properties and, in most 
cases, good resistance to atmospheric corrosion are obtained by 
the addition of moderate amounts of one or more alloying 
elements other than carbon. 

Steels of this type are normally furnished in the hot-rolled 
or annealed condition to minimum mechanical properties. They 


TABLE 1—Minimum Properties of Steel as Furnished by the Mill 


THICKNESS OR DIAMETER, IN. 


AON AO Up to | 0.0710 to | 0.2300 Over Over 
0.0709 | _ 0.2299 to% | Wto1 | 1to2 
inclusive | inclusive | inclusive | inclusive | inclusive 


Minimum yield 


PomMt*;Psiry. css 50,000 | 50,000 | 50,000 | 47,000 | 45,000 
Minimum tensile 

strength®, psi...... 70,000 | 70,000 | 70,000 | 67,000 | 65,000 
Elongation» in 2 in., : 

noe eee | | 20 22¢.4 22 22° 22¢ 


Elongation? in 8in..| — — 1,500,000/tensile strength 
Bend test‘, 180 deg...D = 1T)/D = 1T|D = 1T|D = 2T|D = 38T 


®* For severe cold-forming operations requiring greater ductility, relaxation of the 
yield-point and tensile-strength requirements is commonly negotiated between 
producer and consumer. 

b ASTM standard rectangular specimen, 2-in. gage donethy (ASTM E 8). 

© Minimum thickness for plates over 48 in. wide is 0.180 in. 

For plates, material 0.180 in. and heavier is customarily tested in 8-in. gage 
length using ASTM standard rectangular specimen subject to modification of ASTM 
fa Oi For 0.505-in. diameter, use ASTM standard round specimen 2-in. gage length. 
a Sy ASTM A 242 bend test. 
are not intended for quenching and tempering. The user should 
not subject them to such treatment without assuming responsi- 
bility for the ensuing mechanical properties. Where these steels 
are used for fabrication by welding, no pre-heat or post-heat is 
required. In certain complex structures, stress relieving may 
be desirable. These steels may be obtained in any of the standard 
shapes or forms normally available in carbon steel. 

Application—These steels because of their enhanced strength, 
corrosion- and erosion-resistance, and their high strength-to- 
weight ratio and service life, are adapted particularly for use in 
mobile equipment and other structures where substantial weight 
savings are generally desirable. Typical applications are auto- 
motive bumper face bars, truck bodies, frames and structural 
members, scrapers, dump wagons, cranes, shovels, booms, chutes, 
conveyors, railroad and industrial cars. 

Qualification Tests—At the option of the purchaser of a new 
or modified grade or radically different range of thickness, 
samples from one to three mill heats may be initially supplied 
for qualification tests for resistance welding, metallic are weld- 
ing, and for notched-bar impact properties of the particular 
grade or thickness range to be furnished. (The qualification is 
for information as to these and other desired properties and their 
variance from mill heat to mill heat.) 

Chemical Composition Limitations—The maximum limits of 
the several elements are to be as given in Table 2 unless otherwise 
negotiated between producer and consumer. 

Tolerances—The standard manufacturing tolerances for di- 


TABLE 2—Chemical Composition Limits 


CHEMICAL 


ELEMENT LIMIT 


REMARKS 


Carbon 
Manganese 


For resistance welding. 
1.00 max. 


0.12 et 


For other-than-resistance weld- 
ing and non-welded applica- 
tions. 


0.20 max. 
1.25 max. 


Carbon 
Manganese 


Sulfur 0.050 max. | —— 


Phosphorus is beneficial as a 
strengthener and improves cor- 
rosion resistance, but it should 
be considered in conjunction 
with other elements in resist- 
ance welding applications where- 
in satisfactory low-temperature 
properties are required. To 
avoid excessive brittleness, se- 
verely cold-formed high-phos- 
phorus material should be stress 
relieved. 


Phosphorus 0.150 max. 


Silicon is a strengthening ele- 
ment, but must be considered 
in connection with other ele- 
ments and their effect on 
resistance welding. 


Silicon 0.90 max. 


Copper — Where copper exceeds 0.70% 
unless adjustments are made 
in composition, the phenom- 
enon of precipitation hardening 
in heating should be given due 


consideration. 


The choice of, and limits for 
alloying elements other than 
those mentioned necessary to at- 
tain required mechanical prop- 
erties, are commonly negotiated 
between producer and consu- 
mer. The type of alloy com- 
bination should not be changed 
without the knowledge and 
consent of the purchaser and in 
accordance with the require- 
ments implied by the above 
qualification tests. 


Other alloying — 
elements 


mensions shall apply to the respective commodities procured 
under this specification. (Tolerances for carbon steel are given 
in the AISI Steel Products Manual; see Section 4 for structural 
shapes, Section 6 for plates, Section 8 for bars, Section 11 for 
sheets, Section 12 for hot-rolled strip, and Section 13 for cold- 
rolled strip.) 
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SAE General Information 


Report of the Iron and Steel Technical Committee approved February 1948 and last revised January 1951 


The conception that all steels are the same except for chemical 
constituents is false and misleading. Carbon steels may be pro- 
duced with chemical composition (carbon, manganese, phos- 
phorus, sulfur, and silicon) within the specified limits of a given 
grade and still have characteristics that are widely dissimilar. 
Each grade and quality variation thereof has a proper and useful 
place, depending upon the end products to be made and the 
methods of fabrication. 

In all phases of steel production, various practices are employed 


_ which determine the quality and types of the finished material. 
The diversity of steel requirements necessitates a differentiation 


in grades and qualities and governs the practices and precau- 
tions required in steel making. 

Quality Classifications—Technically, quality as the term re- 
lates to steel products may be indicative of many conditions 
such as the degree of internal soundness, relative uniformity of 
composition, relative freedom from injurious surface imperfec- 
tions, and finish. Steel quality also relates to general suitability 
for particular applications. _ 

As a result of these variables, carbon steel may be obtained 
only in a number of fundamental qualities, listed on the next 
page, depending upon the product. Superimposed upon some of 
those qualities may be such requirements as Limited Austenitic 
Grain Size, Specified Discard Macroetch Test, Special Heat- 


ke Treatment, Maximum Incidental Alloy Elements, Restrictive 


Ladle Analysis, Restrictive Check Analysis, and Nonmetallic 
Inclusions. 

Also, as a result of these variables, alloy steels may be obtained 
in special qualities, some of which are listed on the next page. 
Superimposed upon some of these qualities may be such re- 
quirements as Extensometer Test, Fracture Test, Impact Test, 
Macroetch Test, Nonmetallic Inclusion Test, Special Harden- 


_ ability Test, and Grain-Size Test. 


For complete descriptions of the fundamental qualities and 
the supplementary restrictions of carbon steels and of the special 
qualities and supplementary restrictions of alloy steels, reference 
should be made to the latest applicable AISI Steel Products 
Manual Section. Manual numbers, titles, and latest revision dates 
are listed at the end of this SAE General Information Report. 

Types of Steel—In most steelmaking processes, the primary 
reaction is the combination of carbon and oxygen to form a 
gas. If the oxygen available for this reaction is not removed prior 
to or during casting (by the addition of silicon or some other 
deoxidizer), the gaseous products continue to evolve during 
solidification. The amount of gas evolved during solidification 
determines the type of steel. If no gas is evolved, the steel is 
termed killed because it lies quietly in the molds. Increasing 
degrees of gas evolution result in semz-killed, capped, or rimmed 
steel. 

Killed steels are characterized by a relatively high degree of 
uniformity of composition and properties. During the solidifi- 
cation of killed steel, there is practically no gas evolution. Com- 
position is more uniform than that of the other types, although 
killed steel ingots also have some variations in composition 
from surface to center and bottom to top. 

There are very few compositions of steel which cannot be 
killed provided that sufficient deoxidizing elements may be 


added to inhibit gas formation. Killed steel products, because 
of their greater uniformity in chemical composition and proper- 
ties, are recommended for forging, piercing, carburizing, and 
heat-treating applications. 

Rimmed steels are characterized by marked differences in com- 
position across the section and from top to bottom of the ingot 
with respect to carbon, phosphorus, sulfur, and nonmetallic 
compounds. The typical structure of rimmed steel results from 
a marked gas evolution during solidification of the outer rim. 
Satisfactory rimmed steels do not retain any significant percent- 
ages of highly oxidizable elements such as aluminum, titanium, 
or silicon. Carbon content of this type steel is normally less 
than 0.25%, and the manganese content is normally under 0.60%. 
Rimmed steel products, because of their chemical compositions 
and their surface and other characteristics, may be used ad- 
vantageously for the manufacture of finished articles involving 
cold bending, cold forming, cold heading, or deep-drawing opera- 
tions. 

Semt-killed steels are characterized by variable degrees of 
uniformity in composition and have properties intermediate 
between those of killed and rimmed steels. They are produced 
for applications such as structural parts and noncritical forgings 
or heat-treated parts, in which the specific properties and charac- 
teristics of killed or rimmed steels are not required. 

Capped steels have characteristics similar to those of rimmed 
steels but to a degree intermediate between those of rimmed and 
semi-killed steels. Capped steel products, because of their chem- 
ical composition, surface, and other characteristics may be used 
to advantage when the material is to withstand cold bending, 
cold forming, or cold heading. 

Commonly Specified Elements—The effect of a single com- 
monly specified element (carbon, manganese, phosphorus, sul- 
fur, silicon, or copper) on steelmaking practice and carbon-steel 
properties is dependent upon the effect of other elements. These 
interrelations, frequently of a complex nature, should be con- 
sidered when evaluating a change in specified composition. It 
should be noted also that as the number of elements specified 
increases, and as restrictive repuirements increase, availability 
decreases, to the ultimate end that special heats become a neces- 
sity and material must be ordered in heat lots. 

Carbon—The amount of carbon required in the finished steel 
limits the type of steel that can be made. As the carbon content 
of rimmed steels increases, surface quality becomes impaired. 
Killed steels by comparison have poorer surfaces in the lower 
carbon grades. Carbon has a moderate tendency to segregate 
within the ingot, and because of its major effect on properties, 
carbon segregation is frequently of more significant importance 
than the segregation of other elements. It is the principal harden- 
ing element in all steel. Tensile strength in the as-rolled condi- 
tion increases as the carbon increases up to about 0.85% carbon. 
Ductility and weldability decrease with increasing carbon. 

Manganese has a lesser tendency to segregate within the ingot 
than any of the common elements. Steels above 0.60% manga- 
nese can not be readily rimmed. 

Manganese is beneficial to surface quality in all carbon ranges 
(with the exception of extremely low-carbon rimmed steels) and 
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Fundamental Qualities of Carbon Steels 
and Special Qualities of Alloy Steels 


Carbon Steels 


AISI Steel Products AISI Steel Products 
Manual Sections , Manual Sections 
Semi-Finished for Forging 2 Hot-Rolled Strip 12 
Forging Quality Commercial Quality 
Carbon-Steel Structural Sections 4 4 oa jane 
: : sical Quali 
puruciurel Quali Cold-Rolled Strip. 13 


Carbon-Steel Plates 6 
Regular Quality 
Special Qualities 


Specific quality descriptions are not provided in cold-rolled 
strip, since this product is largely produced for specific 
end use. Descriptions of such features as temper, finish, 


Hot-Rolled Carbon Steel Bars 8 and edges may be found by consulting AISI Manual 
Merchant Quality Section 13, where typical illustrations of the forming 
Special Quality characteristics of each temper are shown. 

Cold-Finished Carbon Steel Bars 9 Tin-Mill Products = 14 
Standard Quality Tin Plate (Hot Dipped or Electrolytic) 

Carbon-Steel Sheets 11 Short-Terne Plate 
Hot-Rolled and Hot-Rolled-Annealed Sheets Black Plate : 

Hot-Rolled Carbon-Steel Wire Rods 15 


Commercial Quality 


DiniinorQunliey, Rods for Merchants’ Wire Products 


Rods for Manufacturers’ Wire 


Physical Quality Carbon-Steel Wire 16 
Cold-Rolled Sheets Merchant Wire 


Commercial Quality 


: i Manufacturers’ Wire, both low- and high-carbon in coarse 
Drawing Quality 


and fine sizes 


Physical Quality Manufacturers’ Wire, items identified as specific commodities 
Porcelain-Enameling Sheets Flat Steel Wire 17 
Commercial Quality Low- and High-Carbon Flat Wire 
Drawing Quality Commodities 
Long-Terne Sheets Steel Tubular Products 18 
Commercial Quality Standard Pipe 
Drawing Quality Pressure Pipe 
Galvanized Sheets Pressure Tubes 
Commercial Quality : Mechanical Tubing 
Drawing Quality Aircraft Tubing 


Alloy Steels 


AISI Steel Products AISI Steel Product 
Manual Sections Manual Sections 
Alloy-Steel Plates 7 Flat Steel Wire 17 
Flange Quality Alloy-Steel Flat Wire Commodities 
Steel Tubular Products 18 


Firebox Quality 


; ' Pressure Tubes 
Locomotive Flange Quality 


Mechanical Tubing 


Locomotive Firebox Quality f Aircraft or Magnetic-Particle-Inspection Tubing 
Aircraft or Magnetic-Particle-Inspection Quality Alloy Steel Wire 28 
Marine Quality Aircraft or Magnetic-Particle-Inspection Quality 
Bearing Qualit 
Hot-Rolled Alloy Steels 7 | 1 eeu 2 eer ee 2 
Aircraft or Magnetic-Particle-Inspection Quality Aircraft or Magnetic-Particle-Inspection Quality 
Axle-Shaft Quality Axle-Shaft Quality 
Bearing Quality Bearing Quality 
Cold-Heading Quality Cold-Heading Quality 


Rifle-Barrel Quality, Gun Quality, Shell or Shot Quality Rifle-Barrel Quality, Gun Quality, Shell or Shot Quality 
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is particularly beneficial in high-sulfur steels. It contributes to 
strength and hardness but to a lesser degree than does carbon, 
the amount of increase being dependent upon the carbon con- 
tent. Increasing the manganese content decreases ductility and 
weldability but to a lesser extent than does carbon. 

Phosphorus has a marked tendency to segregate within the 
ingot. In the acid open-hearth and acid Bessemer processes, 
this element is not normally removed in refining and necessitates 
higher permissible specification limits. 

Phosphorus increases strength and hardness in the as-rolled 
condition approximately as much as carbon. In some types of 
steel, it results in a marked decrease in ductility and notched- 
bar impact toughness. This is particularly true in higher-carbon 
steels that are quenched and tempered. Phosphorus improves 


~ resistance to atmospheric corrosion, and in low-carbon steels 


it improves machinability. 
Sulfur has a greater tendency to segregate within the ingot 
than any of the common elements. It is very detrimental to 


surface quality, particularly in low-carbon and low-manganese 
| steels. Resulfurized steels are characterized by a greater amount 


of inclusions than equivalent grades of low-sulfur steel. 

Sulfur over 0.070% decreases transverse ductility, harden- 
ability, and notched-bar impact toughness but has only a slight 
effect on longitudinal properties or as-rolled hardness. It is bene- 
ficial to machinability, and the improvement in this charac- 
teristic is the only reason for adding sulfur to steel. Weldability 
decreases with increasing sulfur. 

Silicon is one of the principal deoxidizers used in steelmaking, 
and therefore the amount of silicon present is related to the type 
of steel. Rimmed and capped steels contain no significant 
amounts of silicon. Semi-killed steels may contain moderate 
amounts of silicon, though there is a definite maximum amount 
that can be tolerated in such steels. Killed carbon steels may 
contain any amount of silicon up to 0.60% maximum. 

Silicon is somewhat less effective than manganese in increas- 
ing as-rolled strength and hardness. It has only a slight tendency 
to segregate within the ingot. In low-carbon steels, silicon is 
usually detrimental to surface quality, and this condition is 
more pronounced in low-carbon resulfurized grades. 

Copper has a moderate tendency to segregate within the ingot. 
Copper in appreciable amounts is detrimental to hot-working 
operations. It adversely affects forge welding, but it does not 
seriously affect arc or acetylene welding. Copper is detrimental 
to surface quality and exaggerates the surface defects inherent 
in resulfurized steels. It-is, however, very beneficial to atmos- 
pheric corrosion resistance when present in amounts exceeding 


0.20%. 


AISI Steel Products Manuals—The American Iron and Steel 
Institute’s technical committees cooperate with the SAE Iron 
and Steel Technical Committee on standardization of composi- 
tions and related data on steels used in the automotive indus- 
tries. AISI publishes Steel Products Manual Sections and Con- 
tributions to the Metallurgy of Steel, which are listed following 
for the information of users of SAE steels and which may be 
obtained from the American Iron and Steel Institute, 350 Fifth 
Avenue, New York 1, N. Y. 


STEEL PRODUCTS MANUAL SECTIONS 


Section Title Latest Revision 
as of Janwary 1, 1951 
1 Pig Iron and Blast Furnace Ferroalloys...... April 1949 
2 Semifinished Carbon Steel Products for Forg- 
LITA eee ARR Onae ANE MEAP nL Cee Ue 9 May 1949 
3 Hot Rolled Steel for Projectile Bodies........ Nov. 1950 
4 Carbon Steel Structural Sections............. Aug. 1949 
5) SteeliSheet!Piling:s): Sici 5.24. Sse eee May 1949 
6 Carbon Steel Plates and Rolled Floor Plates.. Sept. 1949 
TeeAdloyaSteeliPlatesix Aes. edd ascites dagin Oct. 1949 
8 Hot Rolled Carbon Steel Bars............... May 1949 
9 Cold Finished Carbon Steel Bars............. May 1949 
10> Hot Rolled Alloy Steels. 29. - 25... 5i:-cqec one May 1949 
El Carbon Stéel(Sheetsie on: cic. ceccni-i, teen ss Sept. 1949 
12 Hot Rolled Carbon Steel Strip............... Aug. 1949 
13 Cold Rolled Carbon Steel Strip.............. Sept. 1949 
ee rineviileProductste on tee te cs he ree Aug. 1949 
15 Hot Rolled Carbon Steel Wire Rods.......... June 1949 
16° Carbon Steel Wire......... sec R SRE ak ct Reta We STE July 1949 
Tia Blais teelewite las che psa: Sateen hon Feb. 1942 
18s Steel Dubulan Products wat.29...abece quan! son Noy. 1949 
19 Railway Track Materials.................... July 1949 
20 Wrought Steel Wheels....................... Aug. 1949 
21 Concrete Reinforcing Bars................... April 1949 
22 Forged Axles and Locomotive Forgings....... July 1949 
23 Tolerances for Alloy Steel Sheets and Strip.. April 1949 
24 Stainless and Heat Resisting Steels.......... April 1950 
Do eloolssteel woleraneess..: 0. a. eee April 1949 
26 Flat Rolled Electrical Steel.................. July 1949 
Die Ma Steeles Matec: ,Aterk kth, eee das ttn ees: April 1949 
28 SAlloy Steel Wares ead. son. Daeg. Sos Aug. 1949 
29 Cold Finished Alloy Steel Bars............... May 1949 


CONTRIBUTIONS TO THE METALLURGY OF STEEL 


No. Title 
11 Hardenability of Alloy Steels?................ May 1949 


Latest Revision 


1 Out of print. 

2 Published jointly by AISI and SAE. SAE Special Publications Department at 
29 West 39 Street, New York 18, N. Y. will supply copies of this publication, Special 
Publication SP-4, at $1.00 each to members, $2.00 to nonmembers. 


78 GENERAL DATA ON STEELS 


General Characteristics and 
Heat-Treatments of Steels 


SAE General Information 


Report of Iron and Steel Division approved January 1912 and last revised by Iron and Steel Technical Committee January 1950 


[The accompanying data are added solely for the information 
of users of the steels and the guidance of purchasers in the selection 
of proper materials for different purposes. They should not be 
incorporated in the customer’s specifications when ordering steel. 

SAE Steels should be purchased on the basis of requirements as 
to chemical composition, and the specifications provided herein 
should be used in the purchase of the grades and types of steel 
covered by each. Requirements as to physical properties have been 
omitted because the majority of steels for automotive purposes are 
either worked or given special heat-treatments by the purchaser] 


General Instructions—In applying the detail heat-treatments 
outlined herein, it is recommended that, in order to obtain 
uniform physical properties, the final quench be made from the 
lowest temperature that will develop the maximum physical 
properties, bearing in mind that with thin sections, lower tem- 
peratures will suffice than with thick sections. 

Normalizing and Annealing—When using the lower-carbon 
steels, simple normalizing is often sufficient to place the steel 
in its best condition for machining and will lessen distortion in 
carburizing or hardening. In the medium- and _ higher-carbon 
steels, combined normalizing and annealing constitutes the best 
practice. 

For unimportant parts, the normalizing may be omitted en- 
tirely or annealing practiced only when the steel is otherwise 
difficult to machine. Both processes are recommended in the 
accompanying heat-treatments as representing the best metal- 
lurgical practice. 

The temperatures recommended for normalizing and anneal- 
ing have been made indefinite in many instances because of the 
many different types of furnace used in various plants and the 
difference in results desired. In many annealing practices, these 
operations are performed to produce definite microstructures 
suitable for specific machining conditions. Many companies 
equipped with continuous furnaces have of necessity established 
their own standard heating and cooling cycles for their indi- 
vidual operations. The annealing processes in a car-type fur- 
nace for bar annealing would not be conducted in the same 
manner as in a furnace for annealing small parts, and the same 
ultimate annealed structure would not be the objective. This 
means that annealing is an individual problem in each plant and 
industry which should be worked out in accordance with the 
ultimate results desired and the conditions existing. 

Case Hardening—The process of carburizing as considered in 
this report refers to the various dry or pack hardening methods 
as well as to the newer processes utilizing gases and molten baths 
as the carburizing media. 

There are two methods of proceeding after carburizing: (1) 
quenching directly and (2) cooling slowly or box cooling. 

The first method involves removal of the work from the fur- 
nace or from the carburizing box and quenching the parts while 
they are at or slightly below the carburizing temperature or by 
quenching from gas carburizing furnaces. 

The second method allows the work to cool slowly without any 
quenching, in the box or container or in a cooling chamber pro- 
vided in the furnace. 


The relative value of these two methods is dependent upon 
the type of steel treated, the method of carburizing, the kind of 
furnace installation, and the physical results desired. 

Tempering of parts after carburizing, cyaniding, and acti- 
vated-bath treatments is sometimes omitted in commercial 
practice but is included in the accompanying recommendations 
as being in accord with good heat-treating practice. 

Parts carburized in activated baths should be treated simi- 
larly to other carburized work and may be given any of the 
hardening treatments shown under the specific steels. 


Characteristics of Plain Carbon Steels 


Tables 1 and 2 list typical treatments for carburizing grades 
and heat-treating grades, respectively, of carbon steels. 


SAE These steels are the lowest-carbon steels of the plain- 
1006 carbon type and are selected where cold formability is 
1008 the primary requisite. They are produced both as rimmed 
1010 and killed steels. Rimmed steel is used for sheet, strip, 
1015 rod, and wire where excellent surface finish or good draw- 
ing qualities are required, such as body and fender stock, 
hoods, lamps, oil pans, and a multitude of deep-drawn 
and formed products. It is also used for cold heading wire 
for tacks and rivets and low-carbon wire products. Killed 
steel (usually aluminum killed or special killed) is used 
for difficult stampings or where non-aging properties are 
needed. Killed steels (usually silicon killed) should be 
used in preference to rimmed steel for forging or heat- 
treating applications. 
These steels have relatively low tensile values an 
should not be selected where much strength is desired. 
Within the carbon range of the group, strength and hard- 
ness will increase with increase in carbon and with cold 
work, but such increases in strength are at the sacrifice 
of ductility or the ability to withstand cold deformation. 
Where cold-rolled strip is used, the proper temper desig- 
nation should be specified to obtain the desired properties. 
When under 0.15% carbon, the steels are susceptible 
to serious grain growth, causing brittleness, which may 
occur as the result of a combination of critical strain (from 
cold work) followed by heating to certain elevated tem- 
peratures. Consequently if cold-worked parts formed from 
these steels are to be later heated to temperatures in 
excess of 1100 F, the user should exercise care to avoid 
trouble from this cause. When this condition develops, 
it can be overcome by heating the parts to a temperature 
well in excess of the upper critical point, or at least 1750 F. 
Steels in this group, being nearly pure iron or ferritic 
in structure, do not machine freely and should be avoided 
for cut screws and operations requiring broaching or 
smooth finish on turning.. The machinability of bar, rod, 
and wire products is improved by cold drawing. All of 
the steels in this group are readily welded by any of the 
common commercial methods. 
eS 


(Continued on next page.) 


SAE 
1016 
1017 
1018 
1019 
1020 
1021 
1022 
1024 
1025 
1026 
1027 
1030 
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Steels in this group, because of the carbon range cov- 
ered, have increased strength and hardness and reduced 
cold formability compared to the lowest-carbon group. 
For heat-treating purposes, they are commonly known 
as carburizing or case-hardening grades. When uniform 
response to heat-treatment is required, or for forgings, 
killed steel is preferred; for other uses, semi-killed or 
rimmed steel may be indicated, depending on the com- 
bination of properties desired. Rimmed steels can or- 
dinarily be supplied up to 0.25 carbon. 

Selection of one of these steels for carburizing appli- 
cations depends on the nature of the part, the properties 
desired, and the processing practice preferred. Increase 
in carbon gives greater core hardness with a given quench, 
or permits the use of thicker sections. Increase in man- 
ganese improves the hardenability of both the core and 
case; in carbon steels this the only change in composition 
that will increase case hardenability. The higher man- 
ganese variants also machine much better. For carburiz- 
ing applications, SAE 1016, 1018, and 1019 are widely 
used for thin sections or water-quenched parts. SAE 1022 
and 1024 are used for heavier sections or where oil quench- 
ing is desired, and SAE 1024 is sometimes used for such 
parts as transmission and rear-axle gears. SAE 1027 isused 
for parts given a light case to obtain satisfactory core 
properties without drastic quenching. SAE 1025 and 1030, 
while not usually regarded as carburizing types, are 
sometimes used in this manner for larger sections or 
where greater core hardness is needed. 

For cold-formed or headed parts, the lowest manganese 
grades (SAE 1017, 1020, and 1025) offer the best form- 
ability at their carbon level. SAE 1020 is used for fan 
blades and some frame members, and SAE 1020 and 
1025 are widely used for low-strength bolts. The next- 
higher-manganese types (SAE 1018, 1021, and 1026) 
provide increased strength. 

All of these steels may be readily welded or brazed 
by the common commercial methods. SAE 1020 is fre- 
quently used for welded tubing. 

These steels are used for numerous forged parts, the 
lower-carbon grades where high strength is not essential. 
Forgings from the lower-carbon steels usually machine 
better in the as-forged condition without annealing or 
after normalizing. 


SAE 
1030 
1033 
1034 
1035 
1036 
1038 
1039 
1040 
1041 
1042 
1043 
1045 
1046 
1049 
1050 
1052 


These steels, of the medium-carbon type, are selected 
for uses where their higher mechanical properties are 
needed and are frequently further hardened and strength- 
ened by heat-treatment or by cold work. These grades 
are ordinarily produced as killed steels. 

Steels in this group are suitable for a wide variety of 
automotive applications. Selection of the particular car- 
bon and manganese level is governed by a number of 
factors. Increase in the mechanical properties required, 
in section thickness, or in depth of hardening ordinarily 
indicates either higher carbon or manganese or both. 
The heat-treating practice preferred, especially the 
quenching medium, also has a great effect on the steel 
selected. In general, any of the grades over 0.30 carbon 
may be selectively hardened by induction or flame 
methods if desired. 

The lower carbon and manganese steels in this group 


find wide usage for certain types of cold-formed parts. 
SAE 1030 is used for shift and brake levers, SAE 1034 
and 1035 are used in the form of wire and rod for cold 
upsetting work such as bolts, and SAE 1038 for bolts and 
studs. In practically all cases, the parts cold formed from 
these steels are heat-treated prior to use. Stampings are 
usually limited to flat parts or simple bends. The higher- 
carbon SAE 1038, 1040, and 1042 are frequently cold. 
drawn to specified physical properties for use without. 
heat-treatment for some applications, such as cylinder- 
head studs. 

All of these steels are used for forgings, the selection 
being governed by the section size and the physical prop- 
erties desired after heat-treatment. Thus SAE 1030 and 
1035 are used for shifter forks and many small forgings 
where moderate properties are desired, but the deeper- 
hardening SAE 1086 is used for more critical parts where 
a higher strength level and more uniformity is essential,. 
such as some front-suspension parts. Forgings such as 
connecting rods, steering arms, truck front axles, axle 
shafts, and tractor wheels are commonly made from the 
SAE 1038 to 1045 group. Larger forgings at similar 
strength levels need more carbon and perhaps more 
manganese. Examples are crankshafts from SAE 1046 
and 1052. These steels are also used for small forgings 
where high hardness after oil quenching is desired. Suit- 
able heat-treatment is necessary on forgings from this 
group to provide machinability. 

These steals are also widely used for parts machined. 
from bar stock, the selection following an identical pat- 
tern to that described for forgings. They are used both 
with and without heat-treatment, depending on the ap- 
plication and the level of properties needed. As a class, 
they are considered good for normal machining opera- 
tions. It is also possible to weld these steels by most 
commercial methods, but precautions should be taken 
to avoid cracking from too-rapid cooling. 


SAE 
1055 
1060 
1062 
1064 
1065 
1066 


1070 


1074 
1078 
1080 
1085 
1086 
1090 
1095 


Steels in this group are of the high-carbon type, having 
more carbon than is required to achieve maximum as- 
quenched hardness. They are used principally for appli- 
cations where the higher carbon is needed to improve 
wear characteristics for cutting edges, to make springs 
of various types, and for special purposes. Selection of a 
particular grade is affected by the nature of the part, 
its end use, and the manufacturing methods available. 

In general, cold-forming methods are not practical 
with this group of steels, being limited to flat stampings 
and springs coiled from small-diameter wire. Practically 
all parts from these steels are heat-treated before use, 
with some variations in heat-treating methods to obtain 
optimum properties for the particular application, ex- 
cept cutting edges for earthmoving equipment. 

Typical uses in the spring industry include SAE 1065 
for pretempered wire and SAE 1066 for cushion springs 
of hard-drawn wire. SAE 1064 may be used for small 
washers and thin stamped parts, SAE 1074 for light flat 
springs formed from annealed stock, and SAE 1080 and 
1085 for thicker flat springs. SAE 1085 is also used for 
heavier coil springs. Valve-spring wire and music wire 
are special products. 

Because of good wear properties when properly heat- 
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TABLE 1—Typical Treatments for Carburizing Grades of Carbon Steels 
Pia ae maar eee | COOLING METHOD een ree F coouinc eprom = SPCOND REHEAT,)  coorinG MEDIUM |TEMPERATURE,, 
1010 
ae = 1650-1700 | Water or brine = » 2 = 250-400 
1017 = 1650-1700 | Oil or water 1400-1450 Water or brine — — 250-400 
1018 = 1650-1700 | Cool slowly 1400-1450 Water or brine — — 250-400 
ae = 1650-1700 | Cool slowly 1650-1700 Oil or water 1400-1450 | Water or brine 250 400 
1020 = 1500-1650" | Oil or water = = —— == Optional 
ia " : : a aa ela is : 
1021 1350-1575» | Air or oil Optional 
1022} 
1024 1650-1750" | 1650-1700 | Oil = a = = 250-400 
= 1350-1575» | Air or oil = = = = Optional 
1025 — 1650-1700 | Water or brine = a == = 250-400 
1026 — 1500-1650" | Oil or water a == a == Optional 
1027 _ 1350-1575» | Air or oil — = — = Optional 
1030 = 1500-1650" | Oil or water = = = = Optional 
= 1350-1575» | Air or oil = = == = Optional 
is — 1500-1650 | Oil or water == = = = Optional 
Ub a x : z ey i, as a 2 
1113 1350-1575» | Air or oil Optional 
1109) 
1114 _ 1650-1700 | Water or brine = a= == = 250-400 
1115 — 1650-1700 | Oil or water 1400-1450° | Water or brine — — 250-400 
1116 — 1650-1700 | Cool slowly 1400-1450 Water or brine — — 250-400 
1117 — 1650-1700 | Cool slowly 1650-1700 Oil or water 1400-1450 | Water or brine 250-400 
1118 — 1500-1650" | Oil or water = ge = = Optional 
1119 _ 1350-1575» | Air or oil == = = = Optional 
1120 
1126 = 1500-1650 | Oil or water a= a = = Optional 
= 1350-1575 | Air or oil = FE aS = Optional 


} phis treatment is for activated or cyanide baths. Parts may be given refining heat as indicated for other heat-treating processes. ; 
This treatment is for carbonitriding atmospheres. Parts may be given refining treatments as indicated for other heat-treating processes. == 
© Normalizing temperatures at least 50 F above the carbonizing temperature are sometimes recommended where heat-treat distortion is of vital importance. 


treated, the high-carbon steels find wide usage in the 
farm-implement industry. SAE 1070 has been used for 
plow beams, SAE 1074 for plow shares, and SAE 1078 
for such parts as rake teeth, scrapers cultivator shovels, 
and plow shares. SAE 1085 has been used for scraper 
blades, discs, and spring-tooth harrows. SAE 1086 and 
1090 find use as mower and binder sections, twine holders, 
and knotter discs. 


Characteristics of Free-Cutting Carbon Steels 


This class of steels is intended for those uses where easy ma- 
chining is the primary requirement. They are characterized by a 


higher 
results 
and fo 
those f 


sulfur content than comparable carbon steels. This 
in some sacrifice of cold-forming properties, weldability, 
rging characteristics. In general, the uses are similar to 
or carbon steels of similar carbon and manganese content. 


Tables 1 and 2 list typical heat-treatments for carburizing 
and heat-treating grades, respectively, of these steels. 


SAE 
1111 
1112 
1113 


These steels are commonly known as Bessemer screw 
stock and are considered the best machining steels avail- 
able, machinability improving within the group as sul- 
fur increases. They are used for a wide variety of machined 
parts. While of excellent strength in the cold-drawn con- 
dition, they have an unfavorable property of cold shortness 
and are not commonly used for vital parts. These steels 
may be cyanided or carburized, but when uniform response 
to heat treating is necessary, open-hearth steels are re- 
commended. 


SAE 
1109 
1114 
1115 
1116 
1117 
1118 
1119 
1120 
1126 


Steels in this group are used where a combination of 
good machinability and more uniform response to heat- 
treatment is needed. The lower-carbon varieties are used 
for small parts which are to be cyanided or carbonitrided. 
SAE 1116, 1117, 1118, and 1119 carry more manganese 
for better hardenability, permitting oi] quenching after 
case-hardening heat-treatments in many instances. The 
higher-carbon SAE 1120 and 1126 provide more core 
hardness when this is needed. 
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TABLE 2—Typical Treatments for Heat-Treating Grades of Carbon Steels 


SAE Steels NORMALIZING TEMPERATURE, F |ANNEALING TEMPERATURE, F |HARDENING TEMPERATURE, F QUENCHING MEDIUM TRMPER® 
1025 ¢ 
1030 —_ _— 1575-1650 Water or brine To desired hardness 
1033» 
1034 — — 1525-1575 Oil or water To desired hardness 
1035 
1036 1600-1700 _ 1525-1575 Oil or water To desired hardness 
— — 1525-1575 Oil or water To desired hardness 
1038 : : 
1039» 1600-1700 — 1525-1575 Oil or water To desired hardness 
— — 1525-1575 Oil or water To desired hardness 
1040 
1041 1600-1700 and/or 1400-1500 1475-1550 Oil To desired hardness 
1042 
— 1043> 
| 1045» 1600-1700 _— 1475-1550 Oil or water To desired hardness 
1046> 
1050° 
1052 ; : 
1055 1550-1650 and/or 1400-1500 1475-1550 Oil To desired hardness 
1060 
1062 
1064 
1065 1550-1650 and/or 1400-1500 1475-1550 Oil To desired hardness 
1066 
1070 
1074 
1078 — 1400-1500¢ 1450-1500 Water or brine To desired hardness 
1080 
fe 1550-1650 and/or 1400-1500¢ 1450-1500 Oild To desired hardness 
1090 
1095 — 1400-1500¢ 1450-1500 Oil, water, or brine To desired hardness 
— 1400-1500¢ 1500-1600 Oil To desired hardness 
1132 ; 4 : 
1137 1600-1700 and/or 1400-1500 1525-1575 Oil or water To desired hardness 
1138 _ -- 1500-1550 Oil or water To desired hardness 
1140 1600-1700 — 1500-1550 Oil or water To desired hardness 
1141 = 1400-1500 1475-1550 Oil To desired hardness 
1144 1600-1700 1400-1500 1475-1550 Oil To desired hardness 
1145 ; : 
1146 —_— _— 1475-1550 Oil or water To desired hardness 
1151 1600-1700 — 1475-1550 Oil or water To desired hardness 


F * Even where recommended draw temperatures are shown, the draw is not mandatory on many applications. Tempering is generally employed for a partial stress relief and 
improves resistance to cracking from grinding epearions: Higher temperatures than those shown may be employed where the hardness specification on the finished parts permits. 
Commonly used on parts where induction hardening is employed. However, all steels from SAE 1030 up may have induction hardening applications. 
b pees structures are often required on these high-carbon steels for machining purposes and should be cooled yery slowly or be isothermally transformed to produce 
the desired structure. 
da May be water or brine quenched by special techniques such as partial immersion or time quenched; otherwise they are subject to quench cracking. 


Ss 


(Text continued on next page.) 
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SAE This group of steels has characteristics comparable to 
1132 carbon steels of the same carbon level, except. for changes 
1187 as noted previously. — 
1138 They are widely used for parts where a large amount of 
1140 machining is necessary, or where threads, splines, or 
1141 other operations offer special tooling problems. SAE 1137, 
1144 for example, is widely used for nuts and bolts and studs 
1145 with machined threads. The higher-manganese SAE 1132, 
1146 1137, 1141, and 1144 offer greater hardenability, the 
1151 higher-carbon types being suitable for oil quenching for 
many parts. All of these steels may be selectively hardened 
by induction or flame heating if desired. 


Common Constructional Alloy Steels (Other Than 
Stainless and Austenitic) 


By common custom a steel is considered to be an alloy steel 
when the maximum of the range given for the content of alloy- 
ing elements exceeds one or more of the following limits: man- 
ganese 1.65%, silicon 0.60%, copper 0.60%, or, steel for which 
definite range of chromium up to 3.99%, nickel, molybdenum, 
vanadium, or a specified minimum quantity of any of the fol- 
lowing, or other useful elements, is implied or required: alumi- 
num, boron, cobalt, columbium, titanium, tungsten, or zirconium. 

The principal uses for alloying elements in the common con- 
structional steels are (1) to overcome the effect of mass in hard- 
ening, permitting use of a slower quench than is obtained with 


water and thus avoiding excessive distortion and cracking, and 


(2) to a limited extent for obtaining some special qualities not 
possessed by a simple carbon steel of equivalent carbon content. 
Alloy steels are generally not specified for use without appro- 
priate heat-treatment. Some special properties which certain 
alloying elements impart are: retardation of transformation, 
lowering of transformation temperature, resistance to creep at 
elevated temperatures, retention of toughness at sub-zero tem- 
perature, resistance to wear, and effect on hardness and ma- 
chinability. Other special properties may be imparted by the 
proper choice of alloying elements. Thus, when the proper 
percentage and type of alloying elements are chosen, a compli- 
cated part after being completely austenitized may be hardened 
by quenching at a temperature considerably below the austeni- 
tizing temperature, and thereby greatly reduce the usual dis- 
tortion and residual stresses accompanying the quenching. 

Alloy steels are usually made under the best practice which will 
yield fully killed steel in the ingot. Such practice generally 
assures uniformity of composition and hardenability. 

The hardenability or response to heat-treatment is probably 
the most important criterion for the selection of steel. By the 
term “hardenability” is meant the property that determines the 
depth and distribution of hardness induced by quenching from 
above the transformation range. It is well known and easily 
proved that the surface hardness of all steels—including the 
common alloy steels—when quenched at the optimum speed 
for the particular composition, depends upon the carbon content 
at the surface. The optimum speed for the production of maximum 
hardness, however, may be greater than that produced by oil 
quenching, consequently hardenability as well as carbon may 
affect the surface hardness of medium-carbon oil-quenched alloy 
steels. 


Decarburized, scale-coated, ‘and overheated surfaces, or sur- 
faces from which heat is abstracted at less than the critical 
speed, may not-attain expected hardness. When.a-earbon content 
of 0.65% is reached, little more may be expected in terms of 
indentation hardness (Rockwell or Brinell), regardless of the 
quenching practice or the alloy content of the steel. Most of the 
physical properties such as tensile strength, hardness, and tough- 
ness are related to the thoroughness with which the transforma- 
tion in hardening is effected. 4 

By “hardening” it is implied that a different structure has 
been obtained than that originally existing in the piece. The 
hardest type of structure is martensite. The hardness of the 100%- 
martensitic structure depends wholly upon the carbon content. 
If the heat-treatment is such that a minimum of 90% marten- 
site is produced in quenching, and such that the final hardness 
is produced with proper tempering, it may be expected that all 
the final physical properties commonly computed as tensile 
strength, yield strength, and fatigue strength will be dependent 
upon the surface and cross-sectional hardness. 

If in commercial operations a high percentage of martensite 
is not obtained in quenching, a corresponding reduction in the 
final properties may be expected after the tempering operation. 

During the 1940’s, it was fairly well established that the phys- 
ical properties obtainable in a given section of steel can be closely 
evaluated by the measure of hardenability attained in the par- 
ticular section, irrespective of the steel composition. That is to 
say, many different steel compositions can be interchanged to 
obtain a similar range of physical properties in the finished part 
if these physical properties are properly ascertained by careful 
consideration of the hardenability test. 

The end-quench hardenability test described in the SAE 
Recommended Practice on Method of Determining Harden- 
ability, commonly called the Jominy test, has enabled the in- 
vestigator to compare easily and certainly the characteristic 
hardenability of various types of steel composition, or steels of 
the same typical composition made by different practices. In 
other words, the end-quench hardenability test is a convenient 
summation of all the characteristics which determine the degree 
of a surface hardness and the depth of penetration of hardness 
in quenching. By tempering the end-quenched bar, the final 
hardness of the product after quenching and tempering may be 
predicted. 

Properties such as ease of annealing, degree of hardening from 
cold working, ease of machining, and some other characteristics 
may be peculiar to either composition or heat-treatment or both. 
The choice of steel for a given application is more often dictated 
by the overall economic consideration than by any other factor. 

In general, the common automotive alloy steels may be divided 
into two grades: (a) the low-carbon carburizing and (b) the 
higher-carbon directly hardenable grade. 


Carburizing Grades of Alloy Steels 


Properties of the Case—The properties of carburized and hard- 
ened cases depend upon the carbon and alloy content, the struc- 
ture of the case, and the degree and distribution of residual 
stresses. The carbon content of the case depends upon the de- 
tails of the carburizing process and the response of iron and the 
alloying elements present to carburization. The original carbon 
content of the steel has little or no effect upon the carbon content 
produced in the case. The hardenability of the case, therefore, 
depends upon the alloy content of the steel and the final carbon 
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content produced by carburizing, but not upon the initial carbon 
content of the steel. 


With complete carbide solution, the effect of alloying elements 
upon the hardenability of the case will in general be the same 
as the effect of these elements upon the hardenability of the core. 
As an exception to this, any element which inhibits carburizing 
may reduce the hardenability of the case. It is also true that 
some elements which raise the hardenability of the core may tend 
to produce more retained austenite and consequently somewhat 
lower hardness in the case. 

Alloy steels are frequently used for case hardening because the 
required surface hardness can be obtained by moderate speeds 
of quenching. This may mean less distortion than would be en- 
countered with water quenching. It is usually desirable to select 
a_steel which will attain a minimum surface hardness of 58 or 
60 Rockwell C after carburizing and oil quenching. Where 
section sizes are large, a high-hardenability alloy steel may be 
necessary, while for medium and light sections, low-hardenability 
steels will suffice. 

_ In general, the case-hardening alloy steels may be divided into 
two classes so far as the hardenability of the case is concerned. 
Only the general types ofsteel are given. As the original carbon 
content of the steel has no effect upon the carbon content of the 
case, the last two digits in the specification numbers are not 
meaningful so far as the case is concerned. 

High-hardenability-case steels include SAE 2500, SAE 3300, 
SAE 4300, SAE 4800, and SAE 9300. 

As these are high-alloy steels, both the case and the core have 
high hardenability. These types of steel are used particularly 


for carburized parts having thick sections, such as bevel drive 


-pinions and heavy gears. Good case properties can be obtained 


by oil quenching. These steels are likely to have retained auste- 
nite in the case after carburizing and quenching; consequently 
special precautions or treatments, such as refrigeration, may be 
required. 

Medium-hardenability-case steels include SAE 1300, SAE 
2300, SAE 4000, SAE 4100, SAE 4600, SAE 5100, SAE 8600, 
and SAE 8700. 

Their hardenability is intermediate between that of plain 
carbon steel and the higher-alloy carburizing steels just de- 


‘scribed. In general, these steels can be used for average-size 


case-hardened automotive parts such as gears, pinions, piston 
pins, ball studs, universal crosses, and crankshafts. Satisfactory 
case hardness should be produced in most cases by oil quenching. 

Core Properties—The core properties of case hardened steels 
depend upon both carbon and alloy content of the steel. Each 
of the general types of alloy case-hardening steel is usually 


_ made with two or more carbon contents so as to produce differ- 


ent hardenability in the core. 
The most desirable hardness for the core depends upon the 
design and functioning of the individual part. In general, where 


high compressive loads are encountered, relatively high core 
_ hardness is beneficial in supporting the case. Low core hardnesses 


may be desirable where great toughness is essential. 

The case-hardening steels may be divided into three general 
classes depending upon hardenability of the core. (For harden- 
ability of individual steels, see the SAE Standard on Harden- 
ability Bands for H Steels.) - 

Due to the fact that H bands have not been worked out for 


1 These are borderline cases which might be considered in the next higher harden- 
ability group. 
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all steels, it is impossible to give an accurate comparative rating 
of hardenability of all of the steels in any one group. 

Low-hardenability-core steels include SAE 4017, SAE 4023, 
SAE 4024, SAE 4027,1 SAE 4028,’ SAE 4608, SAE 4615, SAE 
4617,1 SAE 8615,! and SAE 8617: 

Medium-hardenability-core steels include SAE 1320, SAE 
2317, SAE 2512, SAE 2515,! SAE 3115, SAE 3120, SAE 4032, 
SAE 4119, SAE 4317, SAE 4620, SAE 4621, SAE 4812, SAE 
4815,1 SAE 5115, SAE 5120, SAE 8620, SAE 8622, SAE 8720, 
and SAE 9420. 

High-hardenability-core steels include SAE 2517, SAE 3310, 
SAE 33816, SAE 4320, SAH 4817, SAH 4820, SAE 9310, SAE 9315, 
and SAE 9317. 

Heat Treatments—In general, all of the alloy carburizing steels 
are made fine grain, and most are suitable for direct quenching 
from the carburizing temperature. Several other types of heat- 
treatment involving single and double quenching are also used 
for most of these steels. (See Table 3.) 


Directly Hardenable Grades of Alloy Steels—These steels 
may be considered in five groups on the basis of approximate 
mean carbon content of the SAE specification. In general, the 
last two figures of the specification agree with the mean carbon 
content. Consequently the heading ‘0.30-0.37 Mean Carbon 
Content of SAE Specification” includes steels such as SAE 13380, 
SAE 3135, and SAE 4137. 


Mean Carbon Content 


Common Applications 
of SAE Specification 


(See also more detailed discussion below) 


0.30-0.37% Heat-treated parts requiring moderate 
strength and great toughness. 

0.40-0.42% Heat-treated parts requiring higher strength 
and good toughness. 

0.45-0.50% Heat-treated parts requiring fairly high hard- 
ness and strength with moderate toughness. 

0.50-0.62% Springs and hand tools. 

1.02% Ball and roller bearings. 


It is necessary to deviate from the above plan in the classi- 
fication of the carbon-molybdenum steels. When carbon-molyb- 
denum steels are used, it is customary to specify higher carbon 
content for any given application than would be specified for 
other alloy steels, due to the low alloy content of these steels. 
For example, SAE 4063 is used for the same applications as SAE 
4140, 4145, and 5150. Consequently in the following tables and 
discussion, the carbon-molybdenum steels have been shown in 
the groups where they belong on the basis of applications rather 
than carbon content. 

For the present discussion, steels of each carbon content are 
divided into two or three groups on the basis of hardenability. 
Transformation ranges and consequently heat-treating practices 
vary somewhat with different alloying elements even though the 
hardenability is not changed. 

0.80-0.87 Mean Carbon Content of SAE Specification—These 
steels are frequently used for water-quenched parts of moderate 
section size and for oil-quenched parts of small section size. 

Typical applications of these steels are connecting rods, steer- 
ing arms and steering knuckles, axle shafts, bolts, studs, screws, 
and other parts requiring strength and toughness where section 
size is small enough to permit obtaining the desired physical 
properties with the customary heat-treatment. 


(Text continued after Table 4.) 
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TABLE 3—Typical Heat-Treatments for Carburizing Grades of Alloy Steels 


ALTERNATE PRE-TREATMENTS a 
SAE Steels CYCLE ANNEAL® ee Ricca F COOLING METHOD REHEAT TEMPERATURE, F pie) rates ceeee F 
Normalize Normalize & : a 
Temper? 
Yes — — 1650-1700 Quench in oil 1400-1450° Oil 250-350 
Yes — — 1650-1700 Quench in oil 1475-1525! Oil 250-350 
1320 Yes — — 1650-1700 Cool slowly 1400-1450° Oil 250-350 
Yes — — 1650-1700 Cool slowly 1500-1550 Oil 250-350 
Yes — — 1650-1700 Quench in oilé = = 250-350 
[Yes — = 1500-16505 Quench in oil a aoa 250-350 
Yes — Yes 1650-1700 Quench in oil 1375-1425¢ Oil 250-350 
Yes — Yes 1650-1700 Quench in oil 1450-15005 Oil 250-350 
2317 Yes — Yes 1650-1700 Cool slowly 1375-1425¢ Oil 250-350 
Yes — Yes 1650-1700 Cool slowly 1475-1525! Oil 250-350 
Yes — Yes 1650-1700 Quench in oil£ == — 250-350 
[Yes — Yes 1450-1650" Quench in oil = = 250-350 
aie = Ves we 1650-1700 Cool slowly 1325-1375¢ Oil 250-350 
= Yes = 1650-1700 Cool slowly — 1425-1475! Oil 250-350 
2517 
Yes —- — 1650-1700 Quench in oil 1400-1450e_ Oil 250-350 
Yes — _ 1650-1700 Quench in oil _ 1475-1525! > Oil 250-350 
3115 Yes — — 1650-1700 Cool slowly 1400-1450¢ Oil 250-350 
3120 Yes == —_ 1650-1700 Cool slowly 1500-1550! Oil 250-350 
Yes — — 1650-1700 Quench in oil# — a 250-350 
Yes — — 1500-1650 Quench in oil4 = — 250-350 
3310 — Yes = 1650-1700 Quench in oil 1400-1450 Oil 250-350 
3316 ae Yes 1650-1700 Cool slowly 1475-1500 Oil 250-350 
4017 
4023 
re Yes Es Yes 1650-1700 Quench in oils = = 250-350 
4028 
4032 
4119 Y aapedn 
4125 es — — 1650-1700 Quench in oil —_— = 250-350 
4317 
4320 Yes —- Yes 1650-1700 Quench in oil 1425-1475¢ Oil 250-350 
4608 Yes — Yes 1650-1700 Quench in oil 1475-1525! Oil 250-350 
4615 Yes — Yes 1650-1700 Cool slowly 1425-1475¢ Oil 250-350 
4617 Yes -— Yes 1650-1700 Cool slowly 1475-1525 Oil 250-350 
4620 Yes — Yes 1650-1700 Quench in oilé = — 250-350 
xin Yes — — 1500-1650" Quench in oil — = 250-350 
4812 = Yes Yes 1650-1700 Quench in oil 1375-1425¢ Oil 250-350 
4815 = Yes Yes 1650-1700 Quench in oil 1450-15005 Oil 250-350 
4817 — Yes Yes 1650-1700 Cool slowly 1375-1425¢ Oil 250-350 
4820 = Yes Yes 1650-1700 Cool slowly 1450-1500 Oil 250-350 
= => == 1650-1700 Quench in oilé === a= 250-350 
Yes — — 1650-1700 Quench in oil 1425-1475¢ Oil 250-350 
5115 Yes — — 1650-1700 Quench in oil 1500-15508 © Oil 250-350 
a0; Seg as ad 1650-1700 Coolelonic 1425-1475¢ Oil 250-350 
Yes = — 1650-1700 Cool slowly 1500-1550 Oil 250-350 
Yes — — 1500-1650" Quench in oil — — 250-350 
8615 Yes — Yes 1650-1700 Quench in oil 1475-1525¢ Oil 250-350 
8617 Yes — Yes 1650-1700 Quench in oil 1525-1575! Oil 250-350 
8620 Yes — Yes 1650-1700 Cool slowly 1475-1525¢ Oil 250-350 
8622 Yes — Yes . 1650-1700 Cool slowly 1525-1575! Oil 250-350 
8625 Yes —_ Yes 1650-1700 Quench in oil2 oa — 250-350 
8720 Yes = Yes 1500-1650" Quench in oil — — 250-350 
eat ee Yes =e 1650-1700 Quench in oil 1400-1450° Oil 250-350 
9317 = Yes = 1650-1700 Cool slowly 1500-1525 Oil 250-350 


3 Normalizing temperatures should be not less than 50 F higher than the carburizing temperature followed by aircooling. 
After normalizing, reheat to temperature of 1000 to 1200 F and hold approximately 4 hr. 
° Where cycle annealing is desired, heat to normalizing temperature, hold for uniformity, cool rapidly to 1000-1250 F. Hold 1 to 3 hr., then aircool or furnace cool to obtain 
a structure suitable for machining and finish. 
Tempering treatment is optional. Tempering is generally employed for partial stress relief and improved resistance to cracking from grinding operations. Temperatures higher 
than those shown are used in some instances where application requires. 
© This treatment is applicable when case hardness only is paramount. 
This treatment is applicable when higher core hardness is desired. 
® This treatment is applicable to fine-grained steels only. When fine-grained steels are employed, a second reheat is often unnecessary. 
This treatment is for activated or cyanide baths, and parts may be given refining heats as indicated for other heat-treating processes. 
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NORMALIZING 
TEMPERATURE, F 


ANNEALING 
TEMPERATURE, F 


HARDENING 
TEMPERATURE, F 


QUENCHING MEDIUM 


TEMPER 


1330 


1335 
1340 


2330 


2340 
2345 


3130 


' 


tre 
ore 
Me00 


leche 


1600-1700 
hee 


i 


1600-1700 


1600-1700 


1600-1700 


1600-1700 


1600-1700 
1600-1700 


1600-1700 


1650-1750 
1650-1750 


1650-1750 


1650-1750 
1650-1750 


ee 
ee 


and/or 


and/or 


and/or 


and/or 


and/or 


and/or 


and/or 


and/or 


and/or 


and temper 


and/or 
and/or 


and/or 


and/or 
and/or 


and/or 
and/or 


and/or 
and/or 


1500-1600 


1500-1600 


1400-1500 


1400-1500 


1450-1550 


1400-1500 


1525-1575 
1525-1575 


1450-1550 


1450-1550 
1450-1550 


1450-1550 


1450-1550 


1100-1225 


1450-1550 
1450-1500 


1450-1550 


1450-1550 
1450-1550 


1450-1550 
1450-1550 


1450-1550 
1450-1550 


1350-1450 


_ 1350-1450 


1525-1575 
1525-1575 


1500-1550 
1525-1575 


1450-1500 
1450-1500 


1425-1475 
1425-1475 


1500-1550 


1500-1550 
1500-1550 


1500-1550 
1500-1550 


1500-1575 
1500-1575 


1500-1575 


1475-1550 


1600-1650 


1550-1600 


1500-1600 


1475-1525 


1450-1500 
1450-1500 


1475-1500 


1500-1550 
1500-1550 


1500-1550 
1500-1550 


1475-1550 
1475-1550 


1425-1475 
1500-1600 


Water or oil 
Water or oil 


Oil 
Oil 


Oil 
Oil 


Oil 
Oil 


Water or oil 


Oil 
Oil 


Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Water or oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 


Water or caustic solution 
Water, caustic solution, or oil 


Oil 
Oil 


Oil 
Oil 


Water 
Oil 


To desired hardness 
To desired hardness 


To desired hardness 
To desired hardness 


To desired hardness 
To desired hardness 


To desired hardness 
To desired hardness 


To desired hardness 


To desired hardness 
To desired hardness 


To desired hardness 
To desired hardness 


Gears 350-450 F 
To desired hardness 


To desired hardness 


To desired hardness 
To desired hardness 


To desired hardness 


To desired hardness 


To desired hardness 


To desired hardness 
Gears 350-450 F 


250-300 F 


To desired hardness 
To desired hardness 


To desired hardness 
Gears 350-400 F 


To desired hardness 
Gears 350-400 F 


To desired hardness 
To desired hardness 


(Continued on next page.) 
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TABLE 4 (Concluded)—Typical Heat-T'reatments for Directly Hardenable Grades of Alloy Steels 

ens Reietearees, E Pecerpisees F ene F QUENCHING AEDIOM ae 

6150 1650-1750 and/or 1550-1650 1600-1650 Oil To desired hardness 
9254 

9255 4 ; 

9260 _ _— — 1500-1650 Oil To desired hardness 
9261 

9262 

8627 : 

8630 1600-1700 and/or 1450-1550 1550-1650 Water or oil To desired hardness 
8632) 

8635 

a 1600-1700 and/or 1450-1550 1525-1575 Oil To desired hardness 
8641 

8642 

8645 

8647 1600-1700 and/or 1450-1550 1500-1550 Oil To desired hardness 
8650 

8653) 

ied 1650-1750 and/or 1450-1550 1475-1550 Oil To desired hardness 
tik 1600-1700 and/or 1450-1550 1525-1575 Oil To desired hardness 
sides 1600-1700 and/or 1450-1550 1500-1550 Oil To desired hardness 
oa 1600-1700 and/or 1450-1550 1550-1600 Oil To desired hardness 
9442 

9445 1600-1700 and/or 1450-1550 1500-1600 Oil To desired hardness 
9747) 

9840 1600-1700 and/or 1450-1550 1500-1550 Oil To desired hardness 
9845) ; : 

9850/ 1600-1700 and/or 1450-1550 1500-1550 Oil To desired hardness 


Steels falling in this classification may be subdivided into two 


groups on the basis of hardenability: 


Low-hardenability steels in the 0.30-0.37-mean-carbon-con- 
tent classification include SAE 1330, SAH 1335, SAE 4037, SAE 


4042, SAE 4130, SAE 5130, SAE 5132, and SAE 8630. 


Medium-hardenability steels in the 0.30-0.37-mean-carbon- 
content classification include SAE 2330, SAE 3130, SAE 3135, 
SAE 41387, SAE 5135, SAE 8632, SAE 86385, SAE 8637, SAE 8735, 
and SAE 9437. 

0.40-0.42 Mean Carbon Content of SAE Specification—In 


general, these steels are used for medium- and large-size parts 
requiring a high degree of strength and toughness. The choice 
of the proper steel depends upon the section size and the me- 
chanical properties which must be produced. The low- and me- 
dium-hardenability steels are used for average-size automotive 
parts such as steering knuckles, axle shafts, and propeller shafts. 


The high-hardenability steels are used particularly for large 
axles and shafts and for large aircraft parts. 

These steels are usually considered as oil-quenching steels, 
although some large parts made of the low- and medium-harden- 
ability classifications may be quenched in water under properly 
controlled conditions. és 

These steels may be roughly divided into three groups on the 
basis of hardenability: 

Low-hardenability steels in the 0.40-0.42-mean-carbon-con- 
tent classification include SAE 1340, SAE 4047, SAE 5140, and 
SAE 9440. 

Medium-hardenability steels in the 0.40-0.42-mean-carbon- 
content classification include SAH 2340, SAE 3140, SAE 3141, 
SAE 4053, SAE 4063, SAE 4140, SAE 4640, SAE 8640, SAE 
8641, SAE 8642, SAE 8740, SAE 8742, and SAE 9442. 

High-hardenability steels in the 0.40-0.42-mean-carbon-con- 


| 
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tent classification include SAE 4340 and SAE 9840. 

0.45-0.50 Mean Carbon Content of SAE Specification—These 
steels are used primarily for gears and other parts requiring 
fairly high hardness as well as strength and toughness. Such 
parts are usually oil quenched, and a minimum of 90%. marten- 
site in the as-quenched condition is desirable. 

Low-hardenability steels in the 0.45-0.50-mean-carbon-con- 
tent classification include SAE 5045, SAE 5046, SAE 5145, 
SAE 9747, and SAE 9763. 

Medium-hardenability steels in the 0.45-0.50-mean-carbon- 
content classification include SAE 2345, SAE 3145, SAE 3150, 
SAE 4145, SAE 5147, SAE 5150, SAE 8645, SAE 8647, SAE 
8650, SAE 8745, SAE 8747, SAE 8750, SAE 9445, and SAE 
9845. : 

High-hardenability steels in the 0.45-0.50-mean-carbon-con- 


tent classification include SAE 4150 and SAE 9850. 


0.50-0.62 Mean Carbon Content of SAE Specification—These 
steels are used primarily for springs and hand tools. The harden- 


‘ability necessary depends upon the thickness of the material 


and the quenching practice. 

Medium-hardenability steels in the 0.50—-0.62-mean-carbon- 
conterit classification include SAE 4169, SAE 5150, SAE 5152, 
SAE 6150, SAE 8650, SAE 9254, SAE 9255, Bae 9260, aad 
SAE 9261. 

High-hardenability steels in the Fer ans casen- don: 
tent classification include SAE 8658, SAE 8655, SAE 8660, and 
SAE 9262. 

1.02 Mean Carbon Content of SAE Specification—These are 
straight chromium electric furnace steels used primarily for the 


- races and balls or rollers of antifriction bearings. They are also 


used for other parts requiring high hardness and wear resistance. 
The compositions of the three steels are identical, except for a 
variation in chromium, with a corresponding variation in harden- 
ability. 

The low-hardenability steel in the 1.02-mean-carbon-content- 
classification is SAE 50100. 

The medium-hardenability steels in the 1.02-mean-carbon- 
content classification are SAE 51100 and SAE 52100. 

Heat-Treatments—Typical treatments are given in Table 4. 

Resulfurized Steel—Some of the alloy steels (SAE 4024, SAE 
4028, and SAE 8641) are resulfurized to give better machinability 
at a relatively high hardness. 


Chromium-Nickel Austenitic Steels (Not Capable 
of Heat-Treatment) 


Table 5: gives typical heat-treatments for these chromium- 
nickel austenitic steels. 


SAE This steel is capable of attaining high tensile 

30301 strength and ductility by moderate or severe cold 
working. It is used largely in the cold-rolled or cold- 
drawn condition in the form of sheet, strip, and wire. 
Its corrosion resistance is good but not equal to 
SAE 30302. 


This is the most widely used of the general-purpose 
austenitic chromium-nickel stainless steels. It is used 
for deep drawing largely in the annealed condition. 
It can be worked to high tensile strengths but with 
slightly lower ductility than SAE 30301. 


This is a free-machining type recommended for 
the manufacture of parts produced on automatic 
machines. Caution must be used in forging this steel. 


This is similar to SAE 30302 but somewhat supe- 
rior in corrosion resistance and having superior weld- 
ing properties for certain types of equipment. 


This is similar to SAE 30304 but capable of lower 
hardness. It has greater ductility with slower work- 
hardening tendency. 


30305 


This steel has high heat-resisting qualities and is 
resistant to oxidation at temperatures up to about 
1800 F. 


This steel has the highest heat-resisting properties 
of any of the chromium-nickel steels listed herewith 
and is used to resist oxidation at temperatures up to 
about 1900 F. 


This steel is recommended for use in parts where 
unusual resistance to chemical or salt-water corrosion 
is necessary. It has superior creep strength at ele- 
vated temperatures. 


(Text continued on next page.) 


TABLE 5—Typical Heat-Treatments for Heat-Treating Grades of Chromium-Nickel Austenitic Steels 


Stecis AISI NO. TREATMENT NO. |  oyoeearune, F | TEMPERATURE, eee ey Laer TEMPER 
30301 301 I — 1800-2100 — Water or air = 
30302 302 I a 1800-2100 — Water or air — 

* 30303F> 303 I — 1800-2100 = Water or air = 
30304 304 I — 1800-2100 — Water or air — 
30305 305 i — 1800-2100 — Water or air — 
30309 309 I — 1800-2100 — Water or air =F 
30310 310 I — 1800-2100 — Water or air — 
30316 316 I — 1800-2100 ~- Water or air == 
30317 317 I — 1800-2100 — Water or air — 
30321 321 I — 1800-2100 — Water or air — 
30325 325 is — 1800-2100 — Water or air = 
30347 347 I — 1800-2100 _— Water or air = 


® Quench to produce full austenitic structure using water or air in accordance with thickness of section. Annealing temperatures given cover process and full annealing as al- 
sarge established and used by industry, the lower end of the range being used for process annealing. 


Suffix F denotes a free-machining steel. 
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30317 This steel is similar to SAE 30316 but has the high- or wire, and in bars and forgings for heat-treated 
est corrosion resistance of all these alloys in many parts. 
ironments. sis ? 
peed 61416F This is a free-machining grade for the manufacture 
30321 This steel is recommended for use in the manufac- of parts produced in automatic screw machines. 
ture of welded structures where heat-treatment after : F ; : 
welding is not feasible. It is also recommended for _ This siel is'capable-of heat-treating 10 alelaaiaas 
use where temperatures up to 1600 F are encoun- te quee ck ae paneer igs ees of ‘ap- 
lie datin ati proximately 500 Brinell. It has its maximum corro- 
sion-resisting qualities only in the fully hardened 
30325 This is used for such parts as heat-control shafts. condition. It is used for cutlery and hardened pump 
30347 This steel is similar to SAE 30321 with the follow- phaiys ninane ethene na 
ing additional statement: This columbium alloy is 51420F This is similar to SAE 51420 except for its free- 
sometimes preferred to titanium because less colum- machining properties. 
bium is lost in the welding operation. 
eae 51430 This is a steel of a high chromium type not ca- 
pable of heat-treatment and is recommended for use 
; : in parts of moderate draw. Corrosion and heat re- 
Stainless Chromium Irons and Steels diatatineaice dupetio ne MENIAL 
Table 6 ate ee heat-treatments for these stainless chro- 51430F This is simular to SAE 51430 ex cept for its free- 
sii: sAcabavecniaoin odin aaeeek machining properties. 
So eS ion UN Bintales: steel capale ot 51431 This is a nickel-bearing chromium steel designed 
= heat-treatment to show good physical ees es It for heat-treatment to high mechanical properties. Its 
iii tobe ano e LS nee < ae corrosion resistance is superior to other hardenable 
~ f 2a. steels. 
resistant to corrosion as SAE 51430 in either the an- 
nealed or heat-treated condition. 51440A This is a hardenable chromium steel with greater 
rae ; ae p hed hardness than SAE 51420 and greate 
51414 This is a corrosion- and heat-resisting nickel-bear- in ee ace one and RYE 3 Be, ASE. 
ing chromium steel with somewhat better corrosion a ‘gt 54 alitarnod a the, I hardened 
resistance than SAE 51410. It will attain slightly ore ered: ee ODD d Wn aa 
; : g ed condition. 
higher mechanical properties when heat-treated than Eee DOS f 
SAE 51410. It is used in the form of tempered strip (Text continued on next page.) 
TABLE 6—Typical Heat-Treatments for Heat-Treating Grades of Stainless Chromium Irons and Steels 
Steck | ¢-AISLxo, | PNT | rmummey. | awmeaniwe | Tee ile dumenopee Kula TEMPER 
{I ~ 1300-1350° 1550-1650 ; . 2 
51410 410 U ial nes is 1750-1850 Oil or air To desired hardness 
I — 1200-1250° = == ‘ i : 
51414 414 \I1 ae aN mi 1750-1850 Oil or air To desired hardness 
I — 1300-1350° 1550-1650 = : : ; 
51416 416 Il fz ‘a ue 1750-1850 Oil or air To desired hardness 
I — 1350-1450> 1550-1650 — : fee : 
51420 420 II ee os fe 1800-1850 Oil or air | To desired hardness 
‘ ie I — 1350-1450> 1550-1650 = : ‘ 
51420F \u ep ah oo 1800-1850 Oil or air To desired hardness 
51430 430 I — 1400-15004 — — — — 
51430F° —— I — 1250-15004 = = — a 
51431 431 I — 1150-1225 — 1800-1900 Oil or air | To desired hardness 
5§1440A° 440 Ac 
pe een ME a, I = 1350-1440" 1550-1650 1850-1950 | Oil or air | To desired hardness 
51440F° oe | 
51442 442 I = 1400-15004 = — — — 
51446 446 I — 1500-1650> = = — <— 
51501 501 I a 1325-13754 1525-1600 1600-1700 Oil or air To desired hardness 


* Cool slowly in furnace. 
Usually aircooled but may be furnace cooled. 


© Suffixes A, B, and C denote three types of steel differing only in carbon content. Suffix F denotes a free-machining steel. 


4 Cool rapidly in air. 
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51440B This is a hardenable chromium steel with greater 
quenched hardness than SAE 51440A. Maximum 
corrosion resistance is obtained in the fully hardened 
and polished condition. The steel is capable of harden- 
ing to 50-60 Rockwell C depending upon carbon 
content. 

51440C This steel has the greatest quenched hardness and 
wear resistance upon heat-treatment of any corro- 
sion- or heat-resistant steel. 

51440F This is the same as SAE 51440C, except for its 
free-machining characteristics. 


Physical Properties of Steels 


51442 This is a corrosion- and heat-resisting chromium 
steel with corrosion-resisting properties slightly bet- 
ter than SAE 51430 and with good scale resistance 


up to 1600 F. 
51446 This is a corrosion- and heat-resisting steel with 


maximum amount of chromium consistent with com- 
mercial malleability. It is used principally for parts 
which must resist high temperatures in service with- 
out scaling. It resists oxidation up to 2000 F. 


51501 This is used for its heat and corrosion resistance 
and good mechanical properties at temperatures up 
to approximately 1000 F. 


SAE General Information 


Report of Iron and Steel Division approved January 1932 and last revised January 1942. 


The information contained in the conventional physical prop- 
erty charts has been reorganized to present a clearer picture for 
the engineer as to how hardness is related to tensile strength, 
yield strength, and ductility. 

Charts (Figs. 1-4) were prepared by replotting the informa- 
tion contained in physical property charts as published by steel 
companies and alloy suppliers and which are similar to those 
charts formerly appearing in the SAE Handbook, showing the 
effect of tempering temperature on the physical properties of 
steel. 

These summary charts illustrate the principle that regardless 
of composition, steels of the same hardness produced by temper- 
ing after hardening, will have the same tensile strength and yield 
strength. The chart showing the relation between ductility and 
hardness illustrates the fact that the reduction of area varies 
directly as the hardness and that for a given hardness the re- 
duction of area is higher for alloy steels than for plain carbon 
steels. 

It is evident from these curves that steels of the same hardness 
have about the same physical properties, so that any one of 
several different compositions would yield the same results. 
For some specific application then, the first thing to be deter- 
mined is what cemposition is required to obtain proper hardening 
in the size section involved. This information is not contained 
in physical property charts but must be determined by means of 
a hardenability test. Methods for making this hardenability 
test and interpretation of the test results are provided in the 
SAE Recommended Practice for the Method of Determining 


Hardenability. Having selected a-steel that will harden in the 
size section under consideration, the engineer must decide from 
the service stresses imposed on the machine part what tensile 
properties are required in the part. These tensile properties may 
then be converted to hardness values from the charts given here; 
and from the chart showing the effect of tempering temperature 
on hardness, the proper tempering temperature to obtain this 
hardness can be selected. 

The chart showing the effect of tempering temperature on hard- 
ness is also a summary of information contained in a large num- 
ber of physical property charts published by steel companies 
and alloy suppliers and represents, as do the charts on tensile 
strength, yield strength, and reduction of area, data on the 
following alloy and carbon types with carbon contents from 0.30 
to 0.50%: SAE 1000, 1100, 1300, 2300, 3100, 3200, 4100, 4300, 
4600, 5100, and 6100. The charts showing the relation between 
hardness and yield strength, and hardness and reduction of 
area, represent steel in the quenched and tempered condition. 
The chart showing the relation between hardness and tensile 
strength represents these steels in the hardened and tempered, 
as-rolled, annealed, and normalized conditions. 

Physical-property values obtained from these few summary 
charts will be as accurate as the information formerly available 
in a large number of charts, each representing an individual 
type of steel. For more exact information it would be necessary 
to make tests on samples from individual heats of steel. 


(Charts follow on next page.) 
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The two long lines may be taken as 
normal-expectancy curves in estimating 
normal reduction of area from tensile 
strength or hardness. Cross lines indicate 
variations from mean which may be caused 
by quality differences and by magnitude of 
parasitic stresses induced by quenching. 


REDUCTION OF AREA - per cent 


TENSILE STRENGTH - 1000 Ib. per sq. in. 


APPROX. EQUIVALENT TENSILE STRENGTH - 1000 Ib. per sq. in. 
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Solid curve shows location of most points 
and should be used as normal-expectancy 
curve. Broken lines define variation of 
remaining points from solid line. Low ratio 
of yield point to tensile strength, represented 
by left side of zone, is indication of incom- 
plete response to hardening. 
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Estimated Mechanical Properties 
of Hot-Rolled and Cold-Finished 
Carbon Steel Bars 


SAE General Information 


Report of Iron and Steel Technical Committee approved January 1950. 


The mechanical properties listed below are given only as a 
matter of general information. They do not form a part or re- 
quirement of any specification unless each instance is approved 
by the source of supply. The properties in Table 1 can generally 
be expected from bars in sizes ranging from 34 to 114 in. based 
on the standard round tension test specimen with 2-in. gage 
length. 

Sizes under 34 in. will show slightly higher strength than those 
shown in Table 1. The mass effect of larger sections has a direct 
influence on mechanical properties and results in slightly lower 
values as the section increases. 


Mechanical values for turned and polished or turned and 
ground types of cold-finished material will correspond to the 
hot-rolled values. 

The cold-drawn values are based on conventional production 
from hot-rolled bars. When required, these properties may be 
varied by modified cold-drawing practices. Grades over SAE 
1050 are commonly produced in conjunction with thermal treat- 
ment. 

The machinability ratings listed for cold-drawn material are 
based on a value of 100 for Grade 1112. 


TABLE 1—Mechanical Properties of SAE Carbon Steel Bars 


1015 | Hot-rolled 
Cold-drawn 


50,000| 27,500) 28 | 50 | 101 
56,000| 47,000 18 | 40 | 111 53 


1016} Hot-rolled 
Cold-drawn 


55,000] 30,000) 25 | 50 | 111 
61,000| 51,000) 18 | 40 | 121 64 


1017| Hot-rolled 
Cold-drawn 


53,000) 29,000) 26 50 105 
59,000) 49,000) 18 40 116 56 


1018 | Hot-rolled 
Cold-drawn 


58,000} 32,000} 25 50 116 
64,000) 54,000) 15 40 126 66 


1019| Hot-rolled 
| Cold-drawn 


59,000} 32,500) 25 50 116 
66, 000)°55, 000) - 15 40 131 70 


1020| Hot-rolled 
Cold-drawn 


55,000) 30,000) 25 50 111 
61,000) 51,000) 15 40 121 58 


1022 | Hot-rolled 
Cold-drawn 


62,000) 34,000} 23 47 121 
69,000) 58,000} 15 40 137 69 


1024| Hot-rolled 
Cold-drawn 


74,000} 41,000} 20 42 149 
82,000) 69,000; 12 35 163 64 


1025 | Hot-rolled 
Cold-drawn 


58,000) 32,000} 25 50 116 
64,000) 54,000) 15 40 126 58 


1027 | Hot-rolled 
Cold-drawn 


75,000) 41,000} 18 | 40 149 
83,000) 70,000) 12 35 163 64 


AVERAGE AVERAGE 
| st ESTIMATED MINIMUM VALUES MACHINA- ares ESTIMATED MINIMUM VALUES MACHINA- 
= re | es fa 

5 y Elon- | Reduc- . Cone . . Elon- | Reduc- . CORR. 
No. Tensile | Yield : -. | Brinell| DRAWN No. Tensile | Yield : -~.- | Brinell| prawn 
T. sf = Type of at t ay 
orocesatng Wotan Sag Mealy, vin ‘aa, ae Bing pips e Peete a “in are ca, Lee 1112 ‘. 

1006| Hot-rolled 43,000} 24,000} 30 55 86 1030 | Hot-rolled 68,000) 37,500} 20 42 137 
Cold-drawn | 48,000) 41,000) 20 45 95 48 Cold-drawn | 76,000) 64,000) 12 35 149 68 

1008 | Hot-rolled 44,000] 24,500) 30 55 86 1033} Hot-rolled 72,000} 39,500} 18 40 143 
Cold-drawn | 49,000) 41,500) 20 45 95 50 Cold-drawn | 80,000) 67,000) 12 35 163 68 

1010| Hot-rolled | 47,000] 26,000} 28 | 50 95 1034| Hot-rolled | 70,000) 38,500, 18 | 40 | 148 
Cold-drawn | 53,000} 44,000} 20 40 105 52 Cold-drawn | 78,000) 65,500) 12 35 156 64 


1035 | Hot-rolled 
Cold-drawn 


72,000) 39,500; 18 40 143 - 
80,000) 67,000} 12 35 163 65 


1036 | Hot-rolled 
Cold-drawn 


83,000) 45,500] 16 40 163 
92,000) 77,500) 12 35 187 54 


1038) Hot-rolled 
Cold-drawn 


75,000} 41,000} 18 40 149 
83,000) 70,000} 12 35 163 62 


1039 | Hot-rolled 
Cold-drawn 


79,000} 43,500} 16 40 156 
88,000] 74,000) 12 35 179 61 


1040| Hot-rolled 
Cold-drawn 


76,000} 42,000) 18 40 149 
85,000; 71,000; 12 35 170 62 


1041 | Hot-rolled 
Cold-drawn 


92,000} 51,000) 15 40 187 
102,500) 87,000) 10 30 207 50 


1042 | Hot-rolled 
Cold-drawn 


80,000} 44,000) 16 40 163 
89,000} 75,000) 12 35 179 60 


1043 | Hot-rolled 
Cold-drawn 


82,000} 45,000) 16 40 163 
91,000) 77,000) 12 35 179 58 


1045| Hot-rolled 
Cold-drawn 


82,000} 45,000) 16 40 163 
91,000; 77,000) 12 35 179 55 


1046 | Hot-rolled 
Cold-drawn 


85,000} 47,000) 15 40 170 
94,000} 79,000) 12 35 187 54 


(Continued on next page.) 
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TABLE 1—(Concluded) 
| 


AVERAGE AVERAGE 
ESTIMATED MINIMUM VALUES MACHINA- ESTIMATED MINIMUM VALUES MACHINA- 
SAE BILITY SAE BILITY 
AISI : Meet (COED AISI (coup. 
| ‘ . Elon- educ- . x . . Elon- | Reduc- . z 
No. ny pers Tensile | Yield gation | tion in Brinell| DRAWN) No. Tha Tensile | Yield parionaitionan Brinell| DRAWN 
‘ h, h,| 8 hard- | 1112 = : h, th,| 84 hard- = 
processing [ATength strength, | P| ‘en, | hard | 1 procesing [trent strength] ing” (‘teen | Mande | 10 
1049 | Hot-rolled 87,000) 48,000) 15 35 179 1115 | Hot-rolled 55,000; 30,000} 25 50 111 
Cold-drawn | 97,000; 81,500; 10 30 197 53 Cold-drawn | 61,000} 51,000) 20 40 121 80 
1050) Hot-rolled 90,000; 49,500; 15 35 179 1116 | Hot-rolled 63,000] 35,000} 23 47 126 
Cold-drawn /100,000| 84,000} 10 30 197 51 Cold-drawn | 70,000) 60,000) 15 40 143 91 
1052) Hot-rolled |108,000} 59,500) 12 30 217 —_ 1117} Hot-rolled 62,000; 34,000} 23 47 121 


Cold-drawn | 69,000) 58,000) 15 40 137 87 
1055 | Hot-rolled 94,000; 51,500) 12 30 192 — 
1118 | Hot-rolled 65,000} 36,000) 23 47 131 
1060 | Hot-rolled 98,000} 54,000) 12 30 201 — Cold-drawn | 72,000} 61,000) 15 40 143 84 


1062| Hot-rolled {103,000} 56,500) 12 30 212 <= 1119 | Hot-rolled 62,000} 34,000] 23 47 121 
Cold-drawn_ | 69,000} 58,000) 15 40 137 100 
1064| Hot-rolled 97,000} 53,500) 12 30 201 — 


1120| Hot-rolled 62,000) 34,000} 23 47 121 
1065| Hot-rolled |100,000| 55,000) 12 30 207 = Cold-drawn | 69,000) 58,000) 15 40 137 80 


1066| Hot-rolled 106,000) 58,000) 12 30 217 = 1126| Hot-rolled 64,000) 35,000) 23 47 126 
Cold-drawn | 71,000) 59,500} 15 40 143 78 
1070) Hot-rolled |102,000) 56,000) 12 30 212 —_ 
1132 | Hot-rolled 83,000) 45,500) 16 40 167 
1074| Hot-rolled |105,000/ 58,000) 12 30 217 = Cold-drawn | 92,000] 77,000) 12 30 183 75 


1078| Hot-rolled {100,000} 55,000; 12 30 | 207 = || 1137) Hot-rolled 88,000) 48,000) 15 35 179 
Cold-drawn | 98,000} 82,000} 10 30 197 71 


1080} Hot-rolled {112,000} 61,500} 10 25 229 = 
1138| Hot-rolled 73,000) 40,000} 18 40 149 
1085} Hot-rolled 121,000) 66,500) 10 25 248 == Cold-drawn | 81,000} 68,000} 12 35 156 74 


1086| Hot-rolled {112,000} 61,500) 10 25 229 = 1140 | Hot-rolled 79,000) 43,500} 16 40 156 
Cold-drawn | 88,000} 74,000) 12 35 170 (a 
1090} Hot-rolled 122,000] 67,000) 10 25 248 = 


1141 | Hot-rolled 94,000) 51,500) 15 35 187 


1095| Hot-rolled 120,000) 66,000} 10 25 | 248 — Cold-drawn {105,000} 88,000} 10 30 | 212 69 
(Bessemer) 1144} Hot-rolled 97,000} 53,000) 15 35 197 
1111 | Hot-rolled 60,000) 33,000) 25 45 121 Cold-drawn {108,000} 90,000} 10 30 217 83 


Cold-drawn | 67,000} 56,000} 10 35 131 92 
1145 | Hot-rolled 85,000) 47,000) 15 40 170 
1112) Hot-rolled 61,000) 33,500} 25 45 121 Cold-drawn | 94,000) 80,000), 12 35 187 63 
Cold-drawn | 68,000} 57,000) 10 35 137 100 
1146 | Hot-rolled 85,000} 47,000) 15 40 170 
1113| Hot-rolled 61,000) 33,500} 25 45 121 Cold-drawn | 94,000) 80,000) 12 35 187 69 
Cold-drawn | 68,000} 57,000) 10 35 137 137 


1151 | Hot-rolled 92,000} 50,500) 15 35 | 187 
1109} Hot-rolled | 50,000) 27,500] 30 50 | 101 Cold-drawn /|102,000) 86,000) 10 30 | 207 66 
Cold-drawn | 56,000} 47,000) 20 40 | 121 |} 7 


1114| Hot-rolled 57,000) 31,500} 28 50 111 
Cold-drawn | 63,500) 53,000) 20 40 126 81 | 
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Definitions 


| 


of Heat-Treating Terms 


Report of Iron and Steel Division approved June 1911 and last revised November 1950. 


[These definitions were prepared by the Joint Committee on 
Definitions of Terms Relating to Heat-Treatment appointed by 
the American Society for Testing Materials, the American Society 
for Metals, the American Foundrymen’s Association, and the SAE.) 


This glossary is not intended to be a specification, and it 
should not be interpreted as such. Since this is intended to be 
strictly a set of definitions, temperatures have been omitted 


_ purposely. 


Acem, Aci, Ac;, Acs—Defined under transformation temperature. 
A€cm, Ae:1, Aes, Aex—Defined under transformation temperature. 
age hardening—Hardening by aging, usually after rapid cool- 


_ ing or cold working. See aging. 


| aging—In a metal or alloy, a change in properties that gen- 
erally occurs slowly at room temperature and more rapidly at 


higher temperatures. See also age hardening, artificial aging, 


' 
} 


interrupted aging, natural aging, overaging, precipitation harden- 
ing, precipitation heat-treatment, progressive aging, quench aging, 


and strain aging. 


annealing—Heating to and holding at a suitable temperature 
and then cooling at a suitable rate, for such purposes as reducing 


| hardness, improving machinability, facilitating cold working, 
_ producing a desired microstructure, or obtaining desired mechani- 
_ eal, physical, or other properties. When applicable, the following 


more specific terms should be used: black annealing, blue an- 


nealing, box annealing, bright annealing, flame annealing, full 


annealing, graphitizing, intermediate annealing, isothermal an- 
nealing, malleablizing, process annealing, quench annealing, 
recrystallization annealing, and spheroidizing. 

_ Definitions of the above terms are given in their alphabetic 
positions in this glossary. 

When applied to ferrous alloys, the term ‘‘annealing,” without 
qualification, implies full annealing. 

When applied to nonferrous alloys, the term ‘‘annealing”’ 
implies a heat-treatment designed to soften a cold-worked struc- 
ture by recrystallization or subsequent grain growth or to soften 
an age-hardened alloy by causing a nearly complete precipitation 
of the second phase in relatively coarse form. 

Any process of annealing will usually reduce stresses, but 
if the treatment is applied for the sole purpose of such relief it 
should be designated stress relieving. 

Afem, At), Ars, Ars, Ar’—Defined under transformation temper- 


ature. 


artificial aging—Aging above room temperature. See aging 
and precipitation heat-treatment. Compare with natural aging. 

austempering—Quenching a ferrous alloy from a temperature 
above the transformation range, in a medium having a rate of 
heat abstraction high enough to prevent the formation of high- 
temperature transformation products, and then holding the 
alloy, until transformation is complete, at a temperature below 
that of pearlite formation and above that of martensite forma- 
tion. : 

austenitizing—Forming austenite by heating a ferrous alloy 
into the transformation range (partial austenitizing) or above the 
transformation range (complete austenitizing). 
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baking—Heating to a low temperature in order to remove 
gases. 

black annealing—Box annealing or pot annealing ferrous 
alloy sheet, strip, or wire. See box annealing. 

blank carburizing—Simulating the carburizing operation with- 
out introducing carbon. This is usually accomplished by using 
an inert material in place of the carburizing agent, or by ap- 
plying a suitable protective coating to the ferrous alloy. 

blank nitriding—Simulating the nitriding operation without 
introducing nitrogen. This is usually accomplished by using an 
inert material in place of the nitriding agent, or by applying a 
suitable protective coating to the ferrous alloy. 

blue annealing—Heating hot-rolled ferrous sheet in an open 
furnace to a temperature within the transformation range and 


then cooling in air, in order to soften the metal. The formation 


of a bluish oxide on the surface is incidental. 

bluing—Subjecting the scale-free surface of a ferrous alloy to 
the action of air, steam, or other agents at a suitable temper- 
ature, thus forming a thin blue film of oxide and improving the 
appearance and resistance to corrosion. 

Note: This term is ordinarily applied to sheet, strip, or finished 
parts. It is used also to denote the heating of springs after fabri- 
cation, in order to improve their properties. 

box annealing—Annealing a metal or alloy in a sealed con- 
tainer under conditions that minimize oxidation. In box annealing 
a ferrous alloy, the charge is usually heated slowly to a tempera- 
ture below the transformation range, but sometimes above or 
within it, and is then cooled slowly; this process is also called 
“close annealing” or “pot annealing”. See black annealing. 

bright annealing—Annealing in a protective medium to pre- 
vent discoloration of the bright surface. 

burning—Permanently damaging a metal or alloy by heating 
to cause either incipient melting or intergranular oxidation. See 
overheating. 

carbonitriding—Introducing carbon and nitrogen into a solid 
ferrous alloy by holding above Ac; in an atmosphere that con- 
tains suitable gases such as hydrocarbons, carbon monoxide, and 
ammonia. The carbonitrided alloy is usually quench hardened. 

carburizing—Introducing carbon into a solid ferrous alloy by 
holding above Ac; in contact with a suitable carbonaceous 
material. The carburized alloy is usually quench hardened. 

case—In a ferrous alloy, the outer portion that has been made 
harder than the inner portion or core by case hardening. 

case hardening—Hardening a ferrous alloy so that the outer 
portion or case is made substantially harder than the inner 
portion or core. Typical processes used for case hardening are 
carburizing, cyaniding, carbonitriding, nitriding, induction harden- 
ing, and flame hardening. 

cementation—The introduction of one or more elements into 
the outer portion of a metal object by means of diffusion at high 
temperature. 

cold-treatment—Cooling to a low temperature for the purpose 
of obtaining desired conditions or properties, such as dimensional 
or structural stability. 

controlled cooling—Cooling from an elevated temperature in a 
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predetermined manner, to avoid hardening, cracking, or internal 
damage, or to produce a desired microstructure. This cooling 
usually follows a hot-forming operation. 

core—In a ferrous alloy, the inner portion that is softer than 
the outer portion or case. 

critical range or critical temperature range—Synonymous with 
transformation range, which is preferred. 

cyaniding—Introducing carbon and nitrogen into a_ solid 
ferrous alloy by holding above Ac: in contact with molten 
cyanide of suitable composition. The cyanided alloy is usually 
quench hardened. 

decarburization—The loss of carbon from the surface of a 
ferrous alloy as a result of heating in a medium that reacts with 
the carbon. ' 

differential heating—Heating that produces a temperature 
distribution within an object in such a way that, after cooling, 
various parts have different properties as desired. 

direct quenching—Quenching carburized parts directly from 
the carburizing operation. 

drawing—A misnomer for tempering. 

flame annealing—Annealing in which the heat is applied 
directly by a flame. 

flame hardening—Quench hardening in which the heat is 
applied directly by a flame. 

fog quenching—Quenching in a fine vapor or mist. 

full annealing—Annealing a ferrous alloy by austenitizing and 
then cooling slowly through the transformation range. The 
austenitizing temperature for hypoeutectoid steel is usually 


above Ac; and for hypereutectoid steel usually between Ac,’ 


and Acem. 

gas cyaniding—A misnomer for carbonitriding. 

graphitizing—Annealing a ferrous alloy in such a way that 
some or all of the carbon is precipitated as graphite. 

hardenability—In a ferrous alloy, the property that determines 
the depth and distribution of hardness induced by quenching. 

hardening—Increasing the hardness by suitable treatment, 
usually involving heating and cooling. When applicable, the 
following more specific terms should be used: age hardening, 
case hardening, flame hardening, induction hardening, precipitation 
hardening, and quench hardening. 

heat-treatment—Heating and cooling a solid metal or alloy 
in such a way as to obtain desired conditions or properties. 
Heating for the sole purpose of hot working is excluded from 
the meaning of this definition. 

homogenizing—Holding at high temperature to eliminate or 
decrease chemical segregation by diffusion. 

hot quenching—Quenching in a medium at an elevated tem- 
perature. 

induction hardening—Quench hardening in which the heat is 
generated by electrical induction. ; 

induction heating—Heating by electrical induction. 

intermediate annealing—Annealing wrought metals at one or 
more stages during manufacture and before final thermal treat- 
ment. 

interrupted aging—Aging at two or more temperatures, by 
steps, and cooling to room temperature after each step. See 
aging and compare with progressive aging. 

interrupted quenching—Quenching in which the metal object 
being quenched is removed from the quenching medium while the 
object is at a temperature substantially higher than that of the 
quenching medium. See also time quenching. 


isothermal annealing—Austenitizing a ferrous alloy and then 
cooling to and holding at a ‘temperature at which austenite 
transforms to a relatively soft ferrite-carbide aggregate. 

isothermal transformation—A change in phase at any constant 
temperature. 

malleablizing—Annealing white cast iron in such a way that 
some or all of the combined carbon is transformed to graphite 
or, in some instances, part of the carbon is removed completely. 

martempering—Quenching an austenitized ferrous alloy in a 
medium at a temperature in the upper part of the martensite 
range, or slightly above that range, and holding in the medium 
until the temperature throughout the alloy is substantially uni- 
form. The alloy is then allowed to cool in air through the mar- 
tensite range. 

martensite range—The temperature interval between M, and 
M,. 

M,—Defined under transformation temperature. 

M, (or Ar”)—Defined under transformation temperature. 

natural aging—Spontaneous aging of a supersaturated solid 
solution at room temperature. See aging and compare with 
artificial aging. 

nitriding—Introducing nitrogen into a solid ferrous alloy by 
holding at a, suitable temperature (below Ac, for ferritic steels) 
in contact with a nitrogenous material, usually ammonia or 
molten cyanide of appropriate composition. Quenching is not 
required to produce a hard case. 

normalizing—Heating a ferrous alloy to a suitable temperature 
above the transformation range and then cooling in still air to 
room temperature. 

overaging—Aging under conditions of time and temperature 
greater than those required to obtain maximum change in a 
certain property, so that the property is altered in the direction 
of the initial value. See aging. 

overheating—Heating a metal or alloy to such a high temper- 
ature that its properties are impaired. When the original proper- 
ties cannot be restored by further heat-treating, by mechanical 
working, or by a combination of working and heat-treating, the 
overheating is known as burning. 

patenting—In wire making, a heat-treatment applied to me- 
dium-carbon or high-carbon steel before the drawing of wire or 
between drafts. This process consists in heating to a temperature 
above the transformation range and then cooling to a temperature 
below Ae, in air or in a bath of molten lead or salt. 

postheating—Heating weldments immediately after welding, 
for tempering, for stress relieving, or for providing a controlled 
rate of cooling to prevent formation of a hard or brittle structure. 

precipitation hardening—Hardening caused by the precipi- 
tation of a constituent from a supersaturated solid solution. See 
also age hardening and aging. 

precipitation heat-treatment—Artificial aging in which a con- 
stituent precipitates from a supersaturated solid solution. See 
artificial aging, interrupted aging, and progressive aging. 

preheating—Heating before some further thermal or mechani- 
cal treatment. For tool steel, heating to an intermediate tem- 
perature immediately before final austenitizing. For some non- 
ferrous alloys, heating to a high temperature for a long time in 
order to homogenize the structure before working. 

process annealing—In the sheet and wire industries, heating a 
ferrous alloy to a temperature close to, but below, the lower limit 
of the transformation range and then cooling, in order to soften 
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1e alloy for further cold working. 

progressive aging—Aging by increasing the temperature in 
eps or continuously during the aging cycle. See aging and 
mpare with interrupted aging. 
pseudocarburizing—See blank carburizing. 
pseudonitriding—See blank mitriding. 
quench aging—Aging induced by rapid cooling after solution 
at-treatment. 
quench annealing—Annealing an austenitic ferrous alloy by 
lution heat-treatment. 
quench hardening—Hardening a ferrous alloy by austenitizing 
1d then cooling rapidly enough so that some or all of the 
istenite transforms to martensite. The austenitizing tempera- 
ire for hypoeutectoid steels is usually above Ac; and for hyper- 
itectoid steels usually between Ac; and Acem. 
quenching—Rapid cooling. When applicable, the following 
ore specific terms should be used: direct quenching, fog quench- 
1g, hot quenching, interrupted quenching, selectwe quenching, 
ray quenching, and time quenching. 
recrystallization annealing—Annealing cold-worked metal to 
roduce a new grain structure without phase change. 
secondary hardening—Tempering certain alloy steels at cer- 
in temperatures so that the resulting hardness is greater than 
1at_ obtained by tempering the same steel at some lower tem- 
srature for the same time. 
selective heating—Heating only certain portions of an object 
) that they have the desired properties after cooling. 
selective quenching—Quenching only certain portions of an 
oject. 

soaking—Prolonged holding at a selected temperature. 

solution heat-treatment—Heating an alloy to a suitable tem- 
erature, holding at that temperature long enough to allow one 
r more constituents to enter into solid solution, and then cooling 
pidly enough to hold the constituents in solution. The alloy 
left in a supersaturated, unstable state and may subsequently 
chibit quench aging. 

spheroidizing—Heating and cooling to produce a spheroidal 
r globular form of carbide in steel. Spheroidizing methods 
equently used are: 

1. Prolonged holding at a temperature just below Ae. 

2. Heating and cooling alternately between temperatures 
iat are just above and just below Ae. 

3. Heating to a temperature above Ae, or Ae; and then cooling 
ery slowly in the furnace or holding at a temperature just 
elow Ae. 

4. Cooling at a suitable rate from the minimum temperature 
t which all carbide is dissolved, to prevent the re-formation of a 
arbide network, and then reheating in accordance with Method 

or 2 above. (Applicable to hypereutectoid steel containing a 
arbide network.) 

spray quenching—Quenching in a spray of liquid. 

stabilizing treatment—Any treatment intended to stabilize 
1e structure of an alloy or the dimensions of a part. (1) Heating 
ustenitic stainless steels that contain titanium, columbium, or 
intalum to a suitable temperature below that of a full anneal 
1 order to inactivate the maximum amount of carbon by pre- 
pitation as a carbide of titanium, columbium, or tantalum. 


(2) Transforming retained austenite in parts made from tool 
steel. (8) Precipitating a constituent from a nonferrous solid 
solution to improve the workability, to decrease the tendency of 
certain alloys to age harden at room temperature, or to obtain 
dimensional stability. 
strain aging—Aging induced by cold working. See aging. 
stress relieving—Heating to a suitable temperature, holding 
long enough to reduce residual stresses and then cooling slowly 
enough to minimize the development of new residual stresses. 

temper brittleness—Brittleness that results when certain steels 
are held within, or are cooled slowly through, a certain range of 
temperature below the transformation range. The brittleness is 
revealed by notched-bar impact tests at or below room tem- 
perature. 

tempering—Reheating a quench-hardened or normalized fer- 

rous alloy to a temperature below the transformation range and 
then cooling at any rate desired. 
time quenching—Interrupted quenching in which the duration 
of holding in the quenching medium is controlled. 

transformation ranges or transformation temperature ranges— 
Those ranges of temperature within which austenite forms during 
heating and transforms during cooling. The two ranges are 
distinct, sometimes overlapping but never coinciding. The limit- 
ing temperatures of the ranges depend on the composition of the 
alloy and on the rate of change of temperature, particularly 
during cooling. See transformation temperature. 

transformation temperature—The temperature at which a 

change in phase occurs. The term is sometimes used to denote 
the limiting temperature of a transformation range. The following 
symbols are used for iron and steels: 

Accm—In hypereutectoid steel, the temperature at which the 
solution of cementite in austenite is completed during 
heating. 

Ac:—The temperature at which austenite begins to form dur- 
ing heating. 

Ac;—The temperature at which transformation of ferrite to 
austenite is completed during heating. 

Acs—The temperature at which austenite transforms to delta 
ferrite during heating. 

Ae, Aes, Aé€cm, Aes—The temperatures of phase changes at 
equilibrium. 

Atem—In hypereutectoid steel, the temperature at which 
precipitation of cementite starts during cooling. 

Ar,—The temperature at which transformation of austenite to 
ferrite or to ferrite plus cementite is completed during 
cooling. 

Ar;—The temperature at which austenite begins to transform 
to ferrite during cooling. 

Ar:—The temperature at which delta ferrite transforms to 
austenite during cooling. 

M, (or Ar”)—The temperature at which transformation of 
austenite to martensite starts during cooling. 

M,—The temperature at which martensite formation finishes 
during cooling. 

Note: All these changes except the formation of martensite 

occur at lower temperatures during cooling than during heating, 
and depend on the rate of change of temperature. 
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Low-Temperature Properties 
of Ferrous Materials 


SAE General Information 


Report of Iron and Steel Technical Committee approved January 1951. 


[This is a condensation of SAE Special Publication SP-65, 
“Low-Temperature Properties of Ferrous Materials.” 

Civilian and military requirements for ferrous materials in 
aircraft, marine, and ground vehicles and railroad equipment are 
most often concerned with temperatures down to about —75 F, 
while in the chemical industries temperatures may range down 
to —820 F or lower. In an effort to cover all users’ problems, 
available data were reviewed for conditions below room tempera- 
ture. The following paragraphs are an attempt to summarize these 
data.) 


General Effect of Low Temperature on Mechanical 
Properties of Ferrous Materials 


Conventional engineering tests of ferrous materials have pro- 
vided information to show that, as the temperature of testing is 
decreased below room temperature, hardness, yield strength, 
fatigue strength, and, except for highly embrittled materials, 
tensile strength increase. This is not so, however, for ductility, 
manifested by the degree of permanent deformation before 
fracture by stress in tension, and for toughness, manifested by 
the amount of energy absorbed before fracture. With respect to 
these two properties, ferrous materials fall into one of two groups, 
namely, those which remain ductile at low temperatures and 
those which become embrittled. 

It is a characteristic of the body-centered-cubic ferritic ma- 
terials to show brittle behavior at some low temperature, the 
materials differing among themselves only in the temperature 
at which ductility in a specific test vanishes. Austenitic-type 
materials, of face-centered-cubic structure, on the other hand, 
tend to remain ductile over most ranges of low temperatures that 
have been investigated. The fracture behavior of ferritic ma- 
terials is known to change profoundly with lowering tempera- 
ture, the change often being characterized by a sudden loss in 
toughness or ductility. The temperature of change from ductile 
to brittle behavior is frequently referred to as the transition 
temperature, though this temperature need not be and usually is 
not the same when determined by different test procedures. 

Progress has been made in correlating results of conventional 
tests with service performance of materials at low temperatures, 
but designers are cautioned to use extreme care in interpreting 
such results in terms of material performance. All conventional 
tests for embrittlement provide arbitrary measures of the ability 
of material to resist fracture under conditions of restriction on 
deformation. These tests are incapable of integrating all the 
variables significant to the problem of embrittlement. For that 
reason, it seems necessary to place reliance on only those tests 
which most nearly simulate conditions in service or at least 
which have been shown by experience to give satisfactory indica- 
tions of the behavior of material in its particular environment. 


1See A. S. T. M. Proceedings, Vol. 38, 1938, Part 2, pp. 112-132: “Theory of Impact 
Testing: Influence of Temperature, Velocity of Deformation, and Form and Size of 
Specimen on Work of Deformation” by D. J. McAdam, Jr. and R. W. Cl yne. 

2 See Transactions of the ASM, Vol. 28, 1940, pp. 1- 19: “Impact Properties of Some 
Low Alloy Nickel Steels at Temperatures Down to —200 Fahr.” by T. N. Armstrong 
and A. P. Gagnebin. 


Notched-Bar Impact Test Procedures for Measuring 
Low-Temperature Embrittlement in Ferrous 
Materials 


Embrittlement of ferrous metals most markedly manifests 
itself by its effect upon the notched-bar impact resistance of 
materials. Notched-bar impact tests provide the two features 
necessary to evaluate the ability of metals to resist brittle frae- 
ture: an initially high rate of strain induced by an impact blow, 
and the confining of the strain to a restricted volume of metal 
in the vicinity of the notch. Also, notched-bar impact tests can 
be conducted over a wide temperature range so that the influence 
of temperature upon the ability of metals to resist shock loading 
can be readily determined. 

Influence of Geometry of Specimen—The influence of the 
geometry of notched-bar impact test specimens upon the impact 
resistance characteristics of ferrous alloys is explicable on the 
basis of the degree of constraint which is imposed by the geometry 
of the test specimen upon the volume of metal immediately 
adjacent to the fracture. A geometrical shape which restricts 
the deformation of the specimen during loading will result in 
greater tendency towards brittle behavior than a geometrical 
shape which does not inhibit the specimen from bending and 
otherwise deforming! 

Since the dimensions of any standard or nonstandard type of 
impact test specimen are of necessity equally arbitrary, the real 
value of impact test data lies in the accumulation of correlated 
data on the impact resistance characteristics of steels and their 
performance in service in actual structures. 

Influence of Sharpness of Notch—Increasing the sharpness of 
the notch increases the severity of the test and accentuates the 
tendency towards brittle behavior, thus raising the temperature 
of transition from ductile to brittle fracture.? See Fig. 1. 

Types of Specimens—Fig. 2 illustrates the types of notched 
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Fic. 1—Errect or NotcH SHARPNESS ON THE IMPACT PROPERTIES 
OF A CARBON AND-A NICKEL STEEL 
Upper curves represent normalized 0.15C steel; lower curves 
represent normalized 0.15C-2.00Ni steel. 
From Transactions of the ASM, Vol. 28, 1940, pp. 1-19: “Im- 
act Properties of Some Low Alloy Nickel Steels at Temperatures 
Down to —200 Fahr.”’ by R. N. Armstrong and A. P. Gagnebin. 
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A—Charpy V-notch 


B—Charpy keyhole-notch 


C—lIzod square 
Permissible Variations: 
Cross-Section Dimensions. .-+0.025 mm (0.001 in. ) 
Length of Specimen........ +0.25 mm (0.010 in.) 
Angle of Notch... 4.0.5: ae 


D—Izod round 


Fig. 2—Impact-Trst SPECIMENS 
From ASTM E 23 - 47 T. 


_ bar impact test specimens for measuring the impact resistance 


of steel at various temperatures. The Charpy V- and keyhole- 
notch specimens are broken as a simple beam. The square and 
round Izod impact specimens are broken as a cantilever beam. 
The Charpy-type specimen is desired because of ease of testing 
at low temperatures. A variety of notched-tensile, notched-bend, 
and tear test specimens are also being used. 

The type of test specimen chosen for determining the tendency 
of metal to behave either in a tough or brittle manner at room or 
reduced temperatures depends upon the relative toughness of the 
material. For very tough materials, it is necessary to choose 
specimens providing severe constraint and high strain rates— 
that is, notched-bar specimens broken by an impact blow. For 
more brittle materials such as cast iron or very hard steel, un- 
notched simple-beam type specimens broken either by impact 
or, in extreme cases, by static loading will suffice for discriminat- 


ing between more or less brittle materials. 


Metallurgical Factors Affecting Low-Temperature 
Behavior of Ferrous Materials 
Metallurgical factors affecting the transition or embrittlement 


temperature determined by various recognized tests are so 
manifold and of such different origin that a careful review of the 


* See “Effect of Deoxidation on the Impact Strength of Carbon Steels at Low Tem- 

bor the Stn by C. H. 

he Mining and Metallurgical Advisory Boards to Carnegie Institute of Technology 
and Bureau of Mines, Pittsburgh, 1934, 43 pp. 


Herty, Jr. an . McBride. Cooperative Bulletin 67 published 


factors is desirable in order to establish their relative importance 
and relationship. 

Influence of Steel Making—Silicon-killed, semikilled, and 
rimmed steels will, in general, show less favorable impact proper- 
ties. The transition temperature will be progressively higher for 
these steels in the order in which they are named, and the ab- 
sorbed energy at normal temperature will tend to decrease in 
the same order. 

Melting practice has been found to have a definite effect on 
low-temperature impact values. Carbon steels (0.15 to 0.25% 
carbon) were found to have improved properties when fully 
killed with aluminum. This treatment lowers the oxygen content 
of the steels and produces a fine-grained material.? Optimum 
properties for a given composition and structure are obtained 
when the steel is fully killed with aluminum. 

Influence of Hardenability—The ideal structure to obtain 
the lowest transition temperature at a given hardness in ferritic 
steels is tempered martensite, and any deviation from this ideal 
structure will result in increasing that temperature. Harden- 
ability of steel, which determines the ease with which martensite 
may be formed is therefore an important factor. 

Influence of Structural Components—When stable austenite 
is the principal component, as in high chromium-nickel stainless 
steels, impact resistance is high at room temperature and con- 
tinues to be high at low temperatures though there may be a 
very gradual decrease at extremely low temperatures. 

Martensite tempered to relieve stresses only has low room- 
temperature impact values, which decrease with lowering tem- 
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peratures and pass from ductile to brittle condition. When 
tempering temperatures are such that the hardness is decreased, 
impact values are raised. 

A pearlitic-ferritic structure produced by normalizing has a 
lower room temperature impact resistance and a higher transi- 
tion temperature than the quenched-and-tempered structure of 
the same hardness. Bainitic steels fall between the two classes 
mentioned above.‘ See Fig. 3. 


© TEMPERED MARTENSITE 
Ue ae MARTENSITE 


IMPACT ENERGY, FT-LB 


i=] PLUS 
TEMPERED BAINITE 


TEMPERED MARTENSITE 
4 PLUS 
TEMPERED PEARLITE 
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TEMPERATURE OF TEST, °C 


Fic. 3—Errecr or STRucTURE ON Low-TEMPERATURE CHARPY 

Impact Resistance or SAE 8735 ar TeNSILE STRENGTH OF 
Axsout 125,000 Psi 

From Transactions of the ASM, Vol. 38, 1947, pp. 807-847: 

“Effect of Microstructure on Mechanical Properties of Steel’ 


by J. H. Hollomon, L. D. Jaffe, D. E. McCarthy, and M. R. - 


Norton. 


Ferrite, as represented by low-carbon constructional steels 
such as Armco Iron, Izett, and so forth exhibits a characteristic 
transition lower temperature, has both a fairly wide range in 
impact resistance at room temperature and a transition tem- 
perature range which are sharply affected by the method of 
manufacture. 

Influence of Arrangement of Structural Components 

Grain Size—For a given strength level, fine-grained steels 
generally possess higher notched-bar impact properties than 
coarse-grained steels at room temperature, and transition tem- 
peratures are higher as grain size increases. See Fig. 4. 

The fine-grained condition is generally traceable to a specific 
melting practice which makes use of such additions as silicon- 
aluminum, vanadium and zirconium. 

Size and Shape of Individual Components—Lamellar and sphe- 
roidal forms of carbide have a noticeable effect on the shape of 
the temperature-impact resistance curve. In the case of the 
former, the values for impact decrease rapidly in the transition 
zone; spheroidal structures on the other hand show a much less 
rapid decrease in the transition zone. The transition temperature 
will, in general, be lower for the spheroidal structures than for 
the lamellar. Lamellar structures differ among themselves in that 
the coarser lamellae are more notch sensitive than fine-lamellar 
structures. 

Distribution of Individual Components—Ferritic precipitation 
in grain boundaries in wrought steel lowers notched-bar tough- 


‘See Transactions of the ASM, Vol. 38, 1947, pp. 807-847: “Effect of Microstructure 
on Mechanical Properties of Steel”’ by J. H. Boliomoti; L. D. Jaffe, D. E. McCarthy, 
and M. R. Norton. 
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Fic. 5—Errecr or TEMPER BRITTLENESS ON NotcuEep-Bar 
Impact PROPERTIES OF STEEL 

State 1: tempered at 650C, quenched 1 hr in water. 

State 2: tempered at 650C, quenched 1 hr in water, 525C, 24 
hr in water. 

From Revue de Metallurgie, Vol. 42, 1945, p. 151: “Sur la 
fragilité de revenue des aciers au Chrome, au Molybdéne, au 
Tungsténe’”’ by Georges Vidal. 
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» TABLE 1—E fect of Silicon on Physical Properties of Cast Carbon and Carbon-Molybdenum Steels 


COMPOSITION, % PHYSICAL PROPERTIES (NORMALIZED 1750 F, DRAWN 1250 F) 
Charpy impact (keyhole notch) 
A Tensil . 4 -| El ion, % | Reducti f 
c[m|s |] s B | Mo | sueeanttps. [Yield pint, vai] Ploeation % | Reucion of | Hardness, VPN om | an sg 
temperature Abrat— 25 
0.29 | 0.69 | 0.35 | 0.032 0.019 = 72,200 40,600 40.0 52.0 148 _ 21.3 15.8 
0.28 | 0.58 | 0.60 | 0.021 0.018 = 75, 500 42,500 31.0 46.0 161 21.8 16.3 
0.25 | 0.60 | 1.43 | 0.028 0.021 “= 88 , 500 51,000 29.0 48.0 177 13.8 9.0 
0.25 | 0.69 | 2.04 | 0.032 0.020 = 95,000 54,000 28.0 47.0 201 5.3 2.5 
0.26 | 0.60 ; 0.39 | 0.022 0.022 | 0.48 75,500 48 ,000 29.0 48.0 158 26.8 21.8 
0.28 | 0.62 | 0.68 | 0.028 0.019 | 0.59 88 , 800 | 62,300 26.5 51.0 182 23.5 = 
0.27 | 0.66 | 0.81 0.023 0.022 | 0.45 87,500 58,000 30.0 48.0 191 25.3 18.3 
0.23 | 0.55 | 1.40 | 0.023 0.020 | 0.58 94,000 57,000 29.0 45.0 200 15.3 3.0 
0.26 | 0.55 | 1.92 | 0.026 0.020 | 0.49 92,600 56 , 600 29.0 46.0 201 6.8 2.3 
H ; 


® From ASM preprint No. 18 for meeting Oct. 25-29, 1948: ‘“‘The Effect os Vanadium on the Properties of Cast Carbon and Carbon-Molybdenum Steels” by N. A. Ziegler, 


W. L. Meinhart, and J. R. Goldsmith. 


ness appreciably. Sufficient evidence is at hand to say that certain 
constituents, whether ductile or brittle in themselves, occurring 
in a continuous or network arrangement can have a deleterious 
affect on toughness and notch sensitivity at low temperatures. 
Heat-Treaiment—From the information available as to the 
most desirable conditions for producing good impact properties 
at low temperatures, it would seem that the austenitizing treat- 
ment should aim at complete solution and that the quench 
should be carried out so that complete transformation to mar- 
tensite is approached as nearly as possible. The steel should have 
been selected to allow the use of as high a tempering temperature 
as possible. Steels containing strong carbide formers such as 
chromium, molybdenum, and vanadium show strong tendencies 


era. Sees : C Mn Si Cr Mo 
for the precipitation of carbide in certain temperature ranges. 0.30 1.40 0.30 0.50 0.35 
. . : 6 AUSTENITIZED AT 1650 F, WATER QUENCHED 
In setting up tempering temperatures, these’ ranges must be 6° TEMPERED AT 1200 F, WATER QUENCHED 
avoided and a higher temperature used to produce good notched- a isi 
. . eye . w 
bar impact resistance. The critical temperature for chromium eS OTESTEO aT 479 F 
steels is approximately 900 F, for molybdenum steels 1000 F, Fd ie eee aS 
and for vanadium steels may reach 1100 F. 2 SN - -* 
. . . . . i ——) 
Temper brittleness is sometimes responsible for low impact ee ie. Lay Ee 
° A : ° : & © INCREASING P, ot 
resistance in medium- and high-alloy steels. Quenching from P50 CONSTANT $ (0.025%) \ \ 
. niet : 9 V INCREASING S \\ 
tempering temperatures above approximately 1100 F will avoid z CONSTANT (0.012%) a 
the effects of temper brittleness almost entirely. Temper brittle- WO eo OMEN See See Ee 
. eye - PAC mc a A: 
ness raises the transition temperature. (See Fig. 5.) % aaOF 
Strain aging raises the transition temperature. The increase in 0 0.020 0.040 0.060 0.080 0.100 0.120: 
transition temperature is proportional to the amount of cold SMILEUR CE EUS .LROSHRORGUS CONTENT 
work. Fine-grained fully killed steels are much less susceptible 56 
pra a AUSTENITIZED AT 1650 F, WATER QUENCHED 
than coarse-grained steels. a D TEMPERED AT |200F , FURNACE COOLED 
Influence of the Various Elements in Steel : 2 50 
Carbon—Increasing the carbon content for a steel of a given 9 
ee : : 40 cae 
base composition, in general, causes a rapid decrease in room- g == Sy 
temperature notched-bar impact results and tends to increase = 30 ™ 
the temperature of transition or embrittlement. Although the & © INCREASING P, 
=o r CONSTANT S (0.025%) 
nonheat-treated steels are sensitive to carbon content, for the © 20F SO INCREASING S 
quenched-and-tempered steels in the medium range of carbon, 6 2 ree ae a On °) — 
the carbon content is not so critical. 2 PHOSPHOROUS CONTENT === 
U 
25 0) 


Manganese—Manganese content up to about 1.5% has a 
beneficial influence on the low-temperature embrittlement of 
low-carbon and medium-carbon steels, but larger quantities are 

5 See ASM preprint No. 18 for meeting Oct. 25-29, 1948: “The Effect of Vanadium 
on the Properties of Cast Carbon and Carbon-Molybdenum Steels” by N. A. Ziegler, 


W. L. Meinhart, and J. R. Goldsmith. 
® Unpublished data from the files at Watertown Arsenal, Watertown, Mass. 


detrimental. At higher carbon contents, manganese increases the 
hardness of pearlitic steels, which results in lower impact values 
(a structural, not temperature, effect). 

Silicon—Mild steels deoxidized with small amounts of silicon 
have a finer ferritic grain and lower transition temperature than 
similar steels of the rimming type. The effect of silicon in quan- 
tities somewhat greater than that required for deoxidation is to 
raise the transition temperature. This effect of silicon in reducing 
the low-temperature impact resistance of steel has been demon- 
strated in carbon and alloy steels over the entire range of micro- 
structure from martensite to pearlite.’.® See Table 1. 

Sulfur and Phosphorus—Sulfur in the normally encountered 


BASIC COMPOSITION 


0.040 0.060 0.080 0.100 0.12¢ 
SULFUR PLUS PHOSPHOROUS. CONTENT 
Fic. 6—INFLUENCE oF SULFUR AND PHOSPHORUS, SEPARATELY 
AND IN ComBINATION, Upon THe Norcuep-Bar Impact 
Properties aT +70 anp —40 F 
From unpublished data from the files at Watertown Arsenal, 
Watertown, Mass. 
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ranges has not been proved to affect the low-temperature impact 
properties of wrought carbon steels. However, in the higher 
ranges of sulfur together with higher carbon, especially in cast 
steels, there are some data to support the conclusion that sulfur 
is detrimental (Fig. 6). 

The effect of increasing phosphorus contents upon the notched- 
bar impact resistance of steel is to raise progressively the tem- 
perature of transition from ductile to brittle behavior, as shown 
in the upper series of curves of Fig. 7. 

In applications where low-temperature impact resistance is of 
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Fig. 7—Errect or PHospHORUS, OxYGEN, AND NITROGEN ON 
THE HicH-TEMPERATURE AND LOW-TEMPERATURE Impact 
Resistance oF HicH-Puriry Incor Iron 

From page 468 of “Alloys of Iron and Carbon, Vol. II, Proper- 


ties,’ by F. T. Sisco. Published by McGraw-Hill Book Co., Alloys 
of Iron Monograph Series, New York, 1937. 


importance, it is advisable to keep the sulfur low and the phos- 
phorus content of quality steels at a minimum. 
Chromium—Chromium as an alloying element in low-alloy 
steels promotes increased hardenability which is associated with 
improved structures in such steels, which without chromium are 
not full hardening. Such improvements in structure are as- 
sociated with improved low-temperature impact qualities. Chro- 
mium is an essential element in low-carbon stainless steels, which 
are extremely useful materials because of their relative insen- 
sitiveness to low-temperature embrittlement. 
Molybdenum—Molybdenum in usual quantities acts similarly 
to chromium in promoting improved structures in low-alloy 
steels. As such, it promotes improved low-temperature impact 
properties and in addition tends to minimize temper brittleness. 
Nickel—Nickel is beneficial in maintaining toughness at sub- 
normal temperatures. It is commonly used in percentages up tc 
about 814% in wrought ferritic products and up to 5% in east 
ferritic products, depending on the temperature environment. 
Typical results of notched-bar tests are illustrated in Fig. 8. 
In common with other low-alloy steels, the nickel-bearing 
low-alloy steels develop their greatest resistance to low-tempera: 
ture embrittlement in the quenched-and-tempered condition. 
Nickel is also used in larger percentages in various alloys whick 
are austenitic. These austenitic materials have very good low 
temperature toughness, in either the cast or wrought form. 
Copper—Available data indicate that copper in solid solutior 
is mildly beneficial, whereas in the age-hardened or precipitatec 
state it has an adverse effect on low-temperature ductility 
Copper-bearing steels, when welded and stress relieved may 
often be embrittled by age hardening. 
Vanadium—The effect of vanadium on Charpy impact re 


Temperature - Degrees Centigrade 
-200 -150 -100 -50 (¢) 


Charpy Impact - Ft-Lb 


~300 -200 -100 0 +100 
Temperature - Degrees Fahrenheit 


Fig. 8—Errect oF NIcKEL CONTENT ON THE RESISTANCE TC 
Low-TEMPERATURE EMBRITTLEMENT OF NORMALIZED 
Low-CaRBON STEELS 


Charpy keyhole-notch specimens used. All steels contain 0.10% 
C except the 2%-Ni steel, which contains 0.15% C. 

From “Some Properties of Low-Carbon 814 Per Cent Nicke 
Steel,’’ by T. N. Armstrong and G. R. Brophy. Paper presentec 
before ASME Conference on Petroleum Mechanical Engineering 
Oct. 5-8, 1947. 
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sTABLE 2—EHffect of Vanadiwm on Impact Resis!ance of Commercial Manganese Cast Steel at Low Temperatures 


COMPOSITION, % 
ae eed TENSILE | ELONGA- |REDUCTION 
STRENGTH, | TION, % | OF AREA, 
POINT, PSI 2 
fe liven ash Ss Pp Vv PSI IN 2 IN. 0 


CHARPY° (KEYHOLE NOTCH), FT-LB 


RATIO OF VICKERS| HEAT 
YP ro TS | 120: FI-LB (30Ke) | no. 


A |0.301.700.40 0.016 0.030, — 


eg ae 


B65 0-38 0-017)0.028,0..10 79,180 | 104,000) 25.6 58.4 


65,550 | 102,350) 25.6 57.3 


B 0.31 


at at at at at at 
70F | OF | —25F | —50F | —75F | —90 F 
0.64 29.5 |25.021.5) 17.7 |3.0/ = = 215 | A 
10.5 


0.76 67.0 |40.0/33.2 


30.0 | 25.5 | 24.0 | 22.5) 203) B 


ag » Unpublished data from the files of the Vanadium Corp. of America. 

b Heat- treatment (commercial): 1650 F (2 hr) air + 1500 F (hr) air + 750 F (3 hr) air. 
Section size: 1}4 in. 
© Average of three tests. 


| aTABLE 38—Lffect of Vanadium on Impact Resistance of Double Normalized and Tempered Wrought Low-Carbon 4 to 8% Nickel Steels at 
Low Temperatures® 


COMPOSITION, % CHARPY® (KEYHOLE NOTCH), FT-LB 
HEAT No.» ALUMINUM VICKERS (30 KG) 
ADDITION, % 
C Mn Si Ni Vv at 70 F at —250 F at —300 F at —320 F 
| A 0.13 0.25 0.16 4.06 — none 43.8 Pratl 1.0 = 156 
B 0.12 0.29 0.24 4.00 0.32 0.07 86.2 — 31.6 22.5 180 
C 0.11 0.29 0.25 6.20 = 0.07 56.0 — 21.8 19.3 180 
D 0.11 0.27 0.21 5.75 0.29 0.07 64.2 — 41.2 38.3 204 
E 0.11 0.28 0.20 7.81 = 0.07 52.0 —_ 28.7 4.5/26.5 204 
F 0.12 0.23 0.24 7.82 0.29 0.07 52.8 — 40.3 34.6 232 
* Unpublished data from the files of the Vanadium Corp. of America, 
Furnace type: 35-lb laboratory induction furnace heats. 
Section size: 14 in. 
° Average of three tests. 
sTABLE 4—E ffect of Columbiwm on Impact Resistance of Wrought SAE 1340 at Low Temperatures 
COMPOSITION, % : ‘ARPY® ( ); FE-LB 
HEAT 0 ei na aA , ASTM CHARPY® (KEYHOLE NOTCH), F vickns 
c | Ma | Si Al 212 at70F | at2sF | ator |at—25¥F|at—soF| at —75 F | at—o0F 
1575 F (1 hr) Air + 1200 F (2 hr) Atr 
A | 0.39 | 1.78 | 0.18 | 0.003/none none es 6 19.3 16.7 16.7 3.0 2.3 2.0 1.0 207 
B 0.38 | 1.65 | 0.26 | 0.001) 0.03 0.05 5-7 88.3 30.5 28.3 22.5 19.3 20.5 |2.0/17.5 198 
C 0.39 | 1.78 | 0.30 | 0.005) 0.08 0.10 6-8 34.3 29.7 28.8 24.8 213 18.8 |4.5/18.5 206 
D 0.39 | 1.72 | 0.31 | 0.004) 0.12 0.15 6-7 37.3 33.2 30.0 25.0 25.3 21.8 20.0 196 
E 0.38 | 1.69 | 0.34 | 0.005) 0.17 0.20 6-7 38.7 31.2 28.2 26.0 23.8 = 20.0 199 


ms p Unpublished data from the files of the Vanadium Corp. of America, 
> Heat-treatment: 1575 F (1 hr) air + 1200 F (2 hr) air. 

Furnace type: 35-lb laboratory induction furnace heats. 

Section size: 56 in. 
© Average of three tests. 


sistance, at low temperatures, of pearlitic manganese cast and 
wrought steel in the normalized-and-tempered condition and in 
low-carbon 4 to 8% nickel-plate steels is shown in Tables 2 and 3. 

Columbium—The effect of 0 to 0.17% columbium on the low- 
temperature Charpy impact resistance of a single-normalized 
and tempered wrought SAE 1340 is shown in Table 4. Available 
data indicate that addition of small percentages of columbium 
are generally beneficial but higher quantities may be distinctly 


detrimental, and as a result the use of columbium should be 


approached with caution. 
Aluminum—The low-temperature Charpy: impact resistance 


of a number of aluminum-treated cast steels is given in Table 5. 
The addition of aluminum improves the impact resistance of the 
silicon-dioxidized steel and shifts the transition to lower tem- 
peratures. The relatively fine ferritic grain size usually found in 
aluminum-treated cast and wrought steels contributes largely to 
the improved low-temperature impact resistance. 
Titanium—Fig. 9 shows the effect of 0 to 4 lb of titanium per 
ton of steel as metallic titanium on the low-temperature Charpy 
impact resistance of wrought SAE 1030 steel in the as-normalized 
condition; similar effects have been observed with cast steels. 
Titanium in small amounts is beneficial. However, larger quanti- 
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@TABLE 5—Effect of Aluminum on Impact Resistance of Various Cast Steels at Low Temperatures 


CHEMICAL COMPOSITION, % 


ALUMINUM ace 
TYPE CAST STEELD ADDITION, GRAIN SIZE | wot usion HEAT TREATMENT 
HB) TON G Mn Si S Cu Ni Al 
C Si 0.27 0.26 0.33 0.026 — — _— 6 il 1625 F N + 1200 F Air 
Cc 1.5 0.31 0.66 0.38 0.033 — _ 0.053 7 III 1625 F N + 1200 F Air 
Med. Mn Si 0.31 1.55 0.42 0.036 — —_ —_— 5 I 1575 F N + 1200 F Air 
Med. Mn 0.4 0.31 1.56 0.42 0.0389 —_— _ 0.011 6 II 1575 F N + 1200 F Air 
Med. Mn 1.6 0.29 1.49 0.42 0.037 _— _ 0.038 9 III 1575 F N + 1200 F Air 
Med. Mn 4.0 0.32 1.30 0.39 0.030 —_ — 0.120 9 III 1575 F N + 1200 F Air 
Ni Si 0.28 0.65 0.38 0.003 _— 1.54 = 6 I 1575 F N + 1200 F Air 
Ni ies) 0.30 0.68 0.36 0.041 — 1.55 0.040 8 III 1575 F N + 1200 F Air 
Cu-Mn Si 0.16 1.00 0.97 0.033 1.67 — a 7 I 1600 F N + 1000 F Air 
Cu-Mn 1.5 .19 0.89 0.81 0.035 1.67 — 0.030 8 III 1600 F N + 1000 F Air 
TYPE YIELD TENSILE ELONGATION, | REDUCTION CHAREY (W-NOTCH), FES 
CAST STEEL? | poINT, PSI |STRENGTH,PSI| %IN21N. | OF AREA, % | SOCKWELL B oe 
at 75 F at 32 F atOF at —20 F | at —40 F | at —60 F | at —80 F | at —100 F 
Cc 40, 250 70, 500 33.0 47.8 71 30.8 18.0 6.8 5.3 320) _ = n= 
Cc 47, 500 75,750 25.0 44.1 78 33.8 18.0 11.0 10.0 6.8 5.3 — = 
Med. Mn 65,750 92, 500 30.0 55.1 88 20.7 12.3 4.5 2.5 3.3 2.0 1.0 a 
Med. Mn 65, 500 93 , 250, 26.5 46.0 88 25.0 15.0 10.0 6.7 Heo 3.5 3.3 ca 
Med. Mn 65,500 91,750 31.0 57-3 88 46.8 48.7 33.3 23.3 20.5 16.3 13.5 9.5 
Med. Mn 59,000 87,750 28.5 52.8 84 44.3 26.7 21-3 19.3 12.3 10.8 8.8 6.3 
Ni 48 ,500 78, 000 31.0 49.3 78 30.5 19.7 15.5 EES Mees 4.5 = SH 
Ni 50,000 77,000 32.0 56.3 80 33.5 24.7 16.3 10.3 res 5.0 — <= 
Cu-Mn 91,000 118,250 23.0 56.0 98 14.5 10.3 8.3 7.3 Share Ze a a 
Cu-Mn 85,750 103 , 500 23.0 50.6 96 29.3 19.0 13.3 D7 10.0 Liesl SP oot 


2 From Transactions of the American Foundrymen’s Association, Vol. 54, 1946, pp. 357-375: ‘‘(Low Temperature Properties of Cast Steels” by C. E. Sims and F, W. Boulger 


b Furnace type: Laboratory induction. 


ties may be detrimental and should be avoided in carbon and 
low-alloy steels. 

Zircontum—Fig. 10 shows the effect of zirconium additions 
(0 to 4 lb per ton) as silicon-zirconium alloy on the low-tempera- 
ture Charpy impact resistance of wrought SAE 1030 steel. 
Optimum results on these steels were obtained with about 1% to 
1 lb zirconium per ton of steel. 

Nitrogen—The effect of nitrogen on the high- and low-tem- 
perature notched-bar properties of high-purity ingot iron is 
shown in Fig. 7. The effect of increasing nitrogen content in the 
iron is to raise progressively the temperature of transition from 
ductile to brittle behavior. 

Oxygen—Increasing concentrations of oxygen, like increasing 
amounts of nitrogen, in high-purity ingot iron raise the tempera- 
ture of transition from ductile to brittle behavior, as is shown in 
the middle series of curves of Fig. 7. The embrittling effect of 
oxygen in steel and iron is modified perceptibly by the presence 
of strong deoxidizers which combine with the oxygen to form 
inert inclusions. 

Hydrogen—The effect of hydrogen on the embrittlement of 
steel and iron at low temperatures appears not to have been 
determined. 


Design Factors Affecting Low-Temperature Behavio: 
of Ferrous Materials 


In relating the elements of design to low-temperature service 
particular attention must be paid to stress raisers such as notches 
sharp fillets, and rapid change in section. The conditions in them 
selves increase stress and indicate probability of fracture a 
lower loads than would be the case if stress raisers were absent 
Low-temperature service brings into play the characteristics ¢ 
the material itself, and the increased hardness of the steel at lov 
temperatures tends to raise the resistance to local deformatio 
in the vicinity of the notch. The latter increases the stress-cor 
centrating power of the notch. When parts intended for low 
temperature applications are to be heat-treated, the design shoul 
be modified to avoid quench cracking and excessive distortior 
The residual stresses from heat-treatment may at times b 
favorable and at other times be unfavorable to the retention ¢ 
ductility at low temperatures. 

Heavy sections should be avoided wherever possible becaus 
of the difficulty in obtaining the desired microstructure. Larg 
masses of metal tend to increase the restraint on local deforma 
tion, thereby promoting brittle fracture. Higher-strength ma 
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Fie. 9—Errecr or Titantum on Low-TEMPERATURE CHARPY 
Impact RzEsIsTANCE oF WrouGcut Carson STEEL NORMALIZED 
at 1600 F 


From unpublished data from the files of the Vanadium Corp. 
of America, 
t 


| 

terials in thinner sections should be used wherever possible. 
Carburizing, nitriding, and shot peening produce funda- 
_ mentally similar surface conditions in that each develops a shell 
_ | Of relatively high hardness and low ductility and toughness. 
+e Compressive stresses of varying degree result depending upon 

the depth of the effect. The hard material produced by these 
? treatments is highly notch sensitive at room temperature, and 
"|| low-temperature service will accentuate this condition. Surface 
_ imperfections such as scratches and tool marks and stamped-in 
numbers have a deleterious effect at room temperature, which 
will be accentuated at low temperatures. 


i 


= 
i 


Selection of Steel for Low-Temperature Service 


___ From the above, it is apparent that no set rule exists to govern 
the selection of a steel for a particular low-temperature applica- 

_ tion. The variables are so manifold that each part must be con- 
sidered separately on the basis of the following factors: 

1. Type and distribution of stress. 
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Fig. 10—Errect or Zirconium on Low-TEMPERATURE CHARPY 
Impact Resistance or Wrovent SAE 1030 NormauizEep 
av 1600 F 


From unpublished data from the files of the Vanadium Corp. 
of America. 


2. Rate of strain. 

3. Specific temperature range involved. 

In general, the more severe these conditions are, the lower 
must be the transition temperature of the steel in whatever test 
may be employed. 

It is, therefore, apparent that where the maximum shear stress 
is high compared to the maximum principal stress, such as in 
torsion, and the simple tension test under conditions of moderate 
rate of strain and temperature, steels with higher transition 
temperatures can be tolerated. Where high strain concentration 
and high rate of strain, as well as low service temperatures are 
encountered, it will be necessary to select steels with low transi- 
tion temperatures. 

Service at Room Temperature to —25 F—For most applications 
it is probable that plain carbon steel will be satisfactory. In the 
lower part of this range where the service involves high stress 
concentration and high rates of strain, the selection of fully 
killed steels in place of rimmed or semi-killed steels is justified. 

Service at —25 to —100 F—At temperatures below —25 F, 
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TABLE 6—Low-Temperature Notched-Bar Properties of Certain Chromium-Nickel Austenitic-T ype Steels 


COMPOSITION, % NOTCHED-BAR IMPACT VALUES 
TYPE OF STEEL CONDITION® TYPE SPECIMEN 

Cc Cr Ni Mo F ft-lb F ft-lb 

30302 Wrought+ 0.11 16.2 HES — WQ at 2010 F Izod V-notch —85 118 —292 118 
30302 Wrought 0.09 18.51 9.65 _ A at 1900 F Izod V-notch —110 113 —300 119 
30304 Wrought* 0.07 LAs seed: — A, CD Izod V-notch —110 68 —300 65 
30316 Wrought# 0.07 18.41 9.88 | 2.80 A, CD Izod V-notch —105 77 —300 80 
30302 Cast 0.07 19.0 9.5 _ A Charpy keyhole notch 75 75 —150 64 
—320 57 —423 52 


® Information taken from ASM Metals Handbook, 1948 Edition, p. 210, Table XVI. 


b Unpublished information from Lebanon Steel Foundry, Lebanon, Pa. 
© WQ = Water quenched. 
A= Annealed. 
CD= Cold drawn. 


the designer is likely to change from plain-carbon steels to alloy 
steels. Within the range —25 to —100 F, most martensitic steels 
have either reached their transition temperature or begin to 
decrease in impact values, indicating that higher stress con- 
centrations in structural parts than those present in notched 
bars might cause brittle failures. 

Because of the grouping of such a large number of steels in 
this 75-degree temperature range, based on the results of the 
notched-bar values, there is quite naturally an overlap of transi- 
tion zones and variation of transition zones throughout the 
entire range. This extreme overlapping and also wide scatter 
makes it impossible to separate steels into groups having com- 
parable notched-bar results over 25-degree temperature incre- 
ments. Because of this fact, the separation of steels for use in 
structural parts within this temperature range is also impossible 
and probably will continue to be until much additional knowledge | 
of the temperature effect is gained. A discussion of some of the 
methods and opinions relative to design for use in the —25 to 
—100 F temperature range is, therefore, all that is possible on 
the basis of present knowledge. 

One method of eliminating questionable steels for use at low 
temperatures would be to discard those known to be subject to 
temper brittleness on tempering or on slow cooling. Such steels 
include the SAE 1300, SAE 3100, SAE 3300, SAE 5100, and 
SAE 6100 series. Some steels that are not appreciably subject to 
temper brittleness are the SAE 2300, SAE 4000, SAE 4100, SAE 
4300, SAE 4600, SAE 8600, and SAE 8700 series and would be 
safer selections if doubts relative to other steels existed. 

In view of the previous discussion and remembering that the 
following is only a very broad generality, it can be stated that 
plain low- and medium-carbon steels may be usable to —50 F 
or even lower in some cases, and low-alloy, low-carbon steels, 
and the standard SAE alloy steels are usable to temperatures of 
—100 F and below. These remarks apply only to steels made 
under the best practice as outlined under other sections of this 
report. 

Service from —100 F to —200 F—Certain ferritic steels ex- 
hibit acceptable impact properties in this range, but detailed 
consideration must be given to melting practice, heat-treatment, 
and subsequent thermal treatment such as stress relief and weld- 


ing. If low-carbon alloy steels are used, a liquid quench should 
be used to get the best properties of tempered martensite. Most 
of the common austenitic stainless steels can be used; see Table 6. 

Service at —200 F and Below—At these low temperatures, 
only normalized-and-tempered, and quenched-and-tempered low- 
carbon alloy steels of the nickel, nickel-molybdenum, chromium- 
molybdenum, and manganese-molybdenum varieties are recom- 
mended besides the austenitic stainless alloys. If ferritic steels are 
employed for highly stressed parts, the most careful attention to 
detail is required in their processing. Stress-relieving treatments 
must be applied with caution, and only those welding techniques 
and materials which have been carefully proved should be 
utilized. y 

Present experience indicates that the austentic stainless steels 
will be generally employed for service at temperatures below 
—200 F. Their impact properties remain excellent if the nickel 
and chromium and minor elements are adjusted to yield a com- 
pletely or substantially austenitic low-carbon alloy. If these pre- 
cautions are taken, there appears to be little variation in proper- 
ties from heat to heat if proper quench annealing is applied. 

At these very low temperatures, great care must be taken in 
the application of welding and other types of post heat-treat- 
ments. The type of electrode coating becomes important if im- 
pact properties comparable to the base metal are to be retained 
in the weld deposit and interface zone. 


Selection of Materials other than Steels for Low- 
Temperature Service 


Cast iron appears to perform at low temperature and room 
temperature in much the same manner. Experimental data are 
insufficient for a more detailed statement. 

Pearlitic malleable is somewhat inferior to standard malleable 
in low-temperature impact properties. The standard malleable 
irons show some variation among themselves which can, at 
times, be traced to differences in microstructure. In the un- 
notched condition, both have high impact values and appear to 
be relatively insensitive to temperature effects down to —80 F-. 

Nickel-base alloys of the Monel and Inconel types, as well as 
others, increase in strength at low temperatures without serious 
loss in ductility. 
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Method of Determining 
Hardenability of Steels 


SAE Recommended Practice 


Report of Iron and Steel Division approved January 1942 and last revised by Iron and Steel Technical Committee January 1951. 


[This SAE Recommended Practice prescribes the procedure for 
making hardenability tests and recording results. Also included 
are charts! for plotting hardenability-test results and for predicting 
hardness U curves in various sizes of rounds. 

For routine testing of the hardenability of successive heats of 
steel required to have hardenability within certain limits, it is 
sufficient to designate hardenability simply in terms of distance 
from the quenched end to the point at which a certain hardness is 
obtained. This designation is also adequate for comparing steels 
of different compositions to see whether they have similar harden- 
ability. 

Hardenability limits for specifying steel in this, manner are ob- 
tained by measuring the hardenability of a steel which has proved 
satisfactory for the use intended. The hardenability test may be 
used in this way as an empirical test. If no other use of harden- 
‘ability data is contemplated, there is no need to know what cooling 
rates during quenching are responsible for the different hardnesses 
obtained along the hardenability test bar. 

A very important additional use of hardenability data, however, 
ds the prediction of hardnesses obtainable with any steel in new 
machine parts not yet in production and not similar to any parts 
on which production experience is available. To make such a pre- 
diction, tt is necessary to know the cooling rates occurring in the 
part during quenching. 
| There are three methods of geting information as to what these 

cooling rates are: 

1. They may be measured by thiermocouples. This method requires 
special equipment. 

2. They may be estimated by making the part of some steel, de- 
termining the hardness after quenching, and then substituting 
cooling rates for corresponding hardnesses from a hardness-cooling 
rate curve for the same steel obtained from a Jominy hardenability 
test. 

3. They may be approximated by comparing the different sections 
| of the part with round or plate sections of similar size on which 

' cooling rates have been determined. 

Method 1 has been described in an SAE Journal article?. (The 
article also traces the steps in the selection of steel for a gear by 
_ means of an analysis of cooling rates in the gear and hardenability 
curves for steel. 

_ Method 2 is sometimes referred to asthe substitution-of-cooling- 
rate-for-hardness method. 

Method 3 is in most cases sufficiently accurate to provide enough 
information for deciding how much hardenability is required in a 
steel for the part in question. The hardnesses at various depths 
below the surfaces of rounds can be plotted for any steel for which 
a Jominy hardenability curve has been obtained. Curves for making 
the conversion are given in Fig. 14. The hardness obtained from the 

1 Copies of the Standard Hardenability Chart for L Bar, Fig. 13 of this SAE Recom- 
endian Practice, may be obtainedat nominal cost from theSAE. Copies of the Stand- 
ard Form for Plotting Hardenability Curves, Fig. 14, may be obtained from the 
.American Society for Testing Materials, 1916 Race Street, Philadelphia 3, Pa. 

2 See SAE Journal, Vol. 52, No. 10, Oct. 1944, pp. 472-485: ‘“‘Selection of Automotive 
Steel on the Basis of Hardenability,” by A. L. Boegehold. 

J * See SAE Journal, Vol. 57, No. 8-12, and Vol. 58, No. 1, Aug. 1949 through Jan. 
1950: “Selection of Steel for Automobile Parts,” prepared at the request of the SAE 


ISTC Diy. XVIII—Hardenability Publications. Part I was prepared by Joseph 
Geschlin and Parts II-VI by A. L. Boegehold. 


hardenability curve may be substituted at the location in the round 
bar having the same cooling rate. This method may be used to pro- 
duce the hardness U curve for any section size covered by the chart. 
The U curves are then useful for indicating what hardness to expect 
in corresponding section sizes in the machine part under considera- 
tion. 

Where quenching conditions to be used in production are other 
than those represented in Fig. 14, Method 2 may be used to deter- 
mine cooling rates in a simple shape of appropriate section size 
to represent the section size of the machine part in question. 

See also the SAH Standard for Hardenability Bands for H 
Steels and the SAE Journal series “Selection of Steel for Auto- 
mobile Parts.’’| 


Test Procedure for One-In. Standard Hardenability Specimen 
(Fig. 1)—Any hardenability tests made under other conditions 
than those given in this SAE Recommended Practice will not 
be deemed standard and will be subject to agreement between 
supplier and user. Whenever check tests are made all laboratories 
concerned must arrange to use the same alternate procedure with 
reference to test specimen (Figs. 2, 3, or 4) and method of grind- 
ing for hardness testing (Section £). 

A. Test Specimen—The test specimen is a 1-in.-diameter 
cylinder 4-in. long with means for hanging it in a vertical position 
for end quenching. Fig. 1 shows a test specimen in the fixture 
ready for quenching illustrating the preferred form of specimen. 
Figs. 2, 3, and 4 give the details of the preferred specimen and 
two optional specimens. 

The bar from which the specimen is machined shall be a forged 
rolled 144-in. round representing the full cross-section of the 
product. A cast specimen may be used in lieu of a rolled or forged 
specimen. That the specimen represent the full cross-section is of 
primary importance, since any attempt to secure test specimens 
from any portion of the bloom, billet, or bar other than the full 
cross-section may introduce factors tending to affect the repro- 
ducibility of results. The condition of this hot-formed bar shall 
be such that there is no decarburization on the 1-in. specimen 
machined from it. 

Optional Specimen Preparation—The following method is satis- 
factory for most purposes, but for check testing against specifica- 
tions, the method in the above paragraph is mandatory. 

The test specimen shall be machined from the center of the bar 
in the case of sections from 144- to 2-in. round or square. In 
sections over 2 in., the test specimen shall be machined from 
one half of the section with the axis of the specimen located at a 
point halfway between the center and surface of the bar and 
marked to identify the position of the test bar with reference to 
the original bar. The hardness readings shall be made on the two 
sides of the test specimen corresponding to a position in the bar 
approximately halfway between the center and the surface. 

B. Normalizing Prior to Heating for End Quenching—The 
forged or rolled round shall be normalized prior to machining the 
test specimen. This is of importance since the structure of ma- 
terial before quenching may materially affect the hardening 
characteristics. In order that variations in-prior structure may 
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Fig. 1—HARDENABILITY TEST SPECIMEN IN FIXTURE 
FOR WATER QUENCHING 
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be controlled as much as possible, the normalizing temperature 
listed in Table 1 should be used. The steel shall be held at such 
temperature for 1 hr and cooled in still air. If the normalized 
specimen is too hard, it may be given a short time temper at 
about 100 F below the Aci to improve machinability. The 
record of hardenability test results must always state the prior 
thermal history of the specimen tested. (In regard to tool steels, 
see the first paragraph following the heading ‘Special Harden- 
ability Test Bars’ in this SAE Recommended Practice.) 

C. Heating for End Quenching—The specimen shall be heated 
to the austenitizing temperature shown in Table 1. The specimen 
shall be placed in a furnace which is at the specified temperature 
and shall be held at this temperature for 30 min. It is necessary 
to determine by means of a thermocouple the time required for a 
test specimen to come to temperature to be sure that the above 
heating time and temperature requirements are met. 


TABLE 1—Normalizing and Quenching Temperatures* Applicable 
to Steel Ordered to End-Quench Hardenability Requirements 


MAXIMUM ORDERED CARBON 
CONTENT 


AUSTENITIZING 
TEMPERATURE, F 


NORMALIZING 
TEMPERATURE, F 


Steel Series 1000, 1300, 3100, 3200, 4000, 4100, 4300, 4600, 5000, 
5100, 6100, 8600, 8700, 9400, 9700, 9800, 9900 


Up to 0.25 inclusive. . 1700 1700 
0.26 to 0.36 inclusive. . 1650 1600 
O:37-and OVerweee. ee 1600 1550 


Steel Series 2300, 2500, 3300, 4800, 9200 


Up to 0.25 inclusive. . 1700 1550 
0.26 to 0.36 inclusive. . 1650 1500 
0:37 ‘and Overies. 4.4: 1600 1475 
0.50 and over (9200)... 1650 1600 


* A variation of +10 F from the above temperatures is permissible. 
» Normalizing and austenitizing temperatures shall be 50 F higher for the 6100 
series. 


It is important that while heating the test specimen care be 
taken that its environment is such that practically no scaling or 
decarburization takes place on the end to be quenched. An ade- 
quately protective atmosphere in the furnace is suitable for 
meeting the above requirements. In the absence of such at- 
mospheres, the specimen shall be inserted in a suitable container 
and placed with the bottom end of the specimen resting on a 
graphite or carbon disc. 

Fig. 5 illustrates a type of container which has been used with 
success. However, any similar type will be satisfactory. 


Fie. 5—HarDENING-BaR PROTECTING FIXTURE TO BE 
ConstrucTED or HEat-REsisTiING ALLOY 


D. Quenching—The test piece shall be placed on a fixture so 
that a column of water at a temperature of 40 to 85 F may be 
directed against the bottom face of the piece. The column of 
water passing through an opening 1 in. in diameter shall rise 
to a free height of 214 in. above the opening. The fixture shall be 
dry at the beginning of each test. 

In performing the test, the water supply shall be shut off with 
a quick-opening valve and the hot specimen placed over the 
water pipe so that the bottom of the specimen is 14 in. from the 
opening of the water pipe and the water shall then be turned on. 
The time between removal of the specimen from the furnace 
and the beginning of the quench shall be not more than 5 sec. 
The sample shall remain on the fixture for at least 10 min. A 
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' condition of still air shall be maintained around the piece during 
| cooling. ; 

| E. Hardness Measurement—Two flats 180 deg apart shall be 
ground not less than 0.015 in. deep along the entire length of the 
. | bar and Rockwell C hardness measurements made along the 
| length of the bar. 

The preparation of the two flats must be carried out with con- 
siderable care. They should be mutually parallel and the grinding 
done in such a manner that no change of the quenched structure 
| takes place. Wet grinding is believed to be the only method of con- 
trolling the latter condition. In order to detect tempering due to 
grinding, the flat shall be etched as follows: 


Two etchant solutions are used: 

No. 1—5% nitric aeid (concentrated) and 95% water by 
volume. 

No. 2—50% hydrochloric acid (concentrated) and 50% 
water by volume. 

Wash the sample in hot water. Etch in solution No. 1 until 
black. Wash in hot water. Immerse in solution No. 2 for 3 sec 
and wash in hot water. Dry in air blast. 
| 

The presence of lighter or darkened areas indicates that hard- 
ness and structure have been altered in grinding. All structural 
| changes caused by grinding shall be removed before hardness 
tests are made. This may be accomplished by resurfacing and 
| again etching, or new flats may be prepared. 

As an optional method, the specimens may be centerless 
ground to 0.970 to 0.965 in. prior to taking hardness readings. 
Instructions regarding the etching to detect burning or tempering 
_ in grinding apply. The V-block used for supporting the specimen 

must have its centerline exactly under the point of the penetrator 
_ and shall have an included angle of 120 deg. The Rockwell 

tester should be checked against standard test blocks before 
testing the hardenability bar. 
Readings shall be taken in steps of 444 in. for the first 1 in. 
Distance between readings for the last-2 in. may be at the dis- 
| cretion of the tester. When a flat on which readings have been 
- made is used as a base, the burrs around the indentation shall be 


removed by grinding unless a fixture is used which has been re- 


lieved to accommodate the irregularities due to the indentations. 


Fig. 7—ANVIL 


Fig. 8—ANVIL 


When hardness readings are made, the test specimen rests on 
one of its flats on an anvil firmly attached to the hardness ma- 
chine. It is important that no vertical movement be allowed 
when the major load is applied. It is recommended that the anvil 
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be constructed to move the test specimen past the penetrator in 
accurate steps of ¥¢ in. Figs. 6, 7, and 8 illustrate types of anvils 
which provide for the controlled movement of the test specimen. 
All have given satisfactory service. The simplest form of this 
fixture has a 3¢-in., 16-thread screw, to feed the specimen along 
under the penetrator so that one turn of the screw equals 14, in. 

Care should be exercised that the registering of the point of 
the penetrator with the hardened end of the specimen be exact, 
as well as the subsequent spacing. The methods of plotting re- 
sults and determining the hardenability index are affected by 
inaccuracy in these values. After the specimen is accurately 
aligned with the quenched end, the specimen should be moved 
over so the first hardness reading is made at the soft end; subse- 
quent readings being made toward the quenched end. This 
serves to insure seating of the specimen. 

F. Plotting of Tests—Tests should be plotted on a standard 
chart prepared for this purpose (Fig. 9) in which the ordinates 
represent hardness and the abscissas represent distance from the 
quenched end. Readings at identical distances should be averaged 
and the resultant values used for plotting. 

Fig. 9 shows the Standard Form for Plotting Hardenability 
Curves. 

Construction of Hardness U Curves—A chart is also provided 
or using the hardenability curve to predict hardness U curves 
in various sized rounds when oil or water quenched. Fig. 10 
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Fic. 10—Correr.ation or IDENTICAL CooLING RATES IN JOMINY 
Bar AND QUENCHED Rounp Bars 


These charts have been revised according to corrected cooling 
rates reported in National Defense Research Committee Report 
OSRD No. 3743. 


shows this chart. The curves show the locations in various sizes 
of rounds where the cooling rates are the same as at various po- 
sitions along the end-quenched hardenability test bar. 


G. Index of Hardenability—The hardenability of steel may be 
designated by the useof either oneor theother of the two following 
codes, the first of which is preferred. 

1. That code which designates a minimum hardness value at a 
specified distance from the quenched end. Both minimum and 
maximum limitations may also be specified in terms of Rockwell 
C hardness at the required distance from the quenched end. 

As an example of this method, a hardenability requirement 
could be specified as J 36 min = 8, orin case of both minimum 
and maximum restrictions, could be specified as J 36 t050 = 84g. 
This means that at the specified distance of 8{, in. from the 
quenched end the Rockwell C hardness should be a minimum 
of 36 and a maximum of 50. 

2. The alternate method would be a code which indicates the 
distance from the quenched end where the following hardness 
reference numbers occur. The requirement may be specified as a 
minimum distance only or as a minimum and a maximum dis- 
tance at the hardness reference number which applies. Table 2 
indicates the hardness reference numbers in terms of Rockwell C 
values for various carbon contents. 

As an example, an alloy steel‘of 0.34 mean carbon content 
could be specified to have a hardenability index of J 45 =4/¢6 
min, which means that the minimum requirements of this steel 
would be Re 45 at a distance of 4/¢ in. from the quenched end. 

If this steel were one having both minimum and maximum 
curves or limits, the index of hardenability might be specified as 
J 45 = %¢ to 1%. 

In addition to the specification in accordance with either of the 
above two codes, the minimum and maximum hardness at the 
\¢-in. position may be specified. These hardness values should 
be in agreement with the maximum and minimum carbon content 
specified. 


TABLE 2—Hardness Reference Numbers for Steels of Various 
Carbon Contents 


HARDNESS REFERENCE NUMBER, Rc 
MEAN OF ORDERED CARBON RANGE 
Alloy steels Carbon steels 
QLOSKCOAOM Ane ce tose aes 25 — 
OWS to O22es eee ea 30 25 
O2SitolO2207e eee eae 35 30 
O28ctor O22 ter eee ete 40 35 
OS35to 0 42e cece wer oe 45 40 
O.4tH052 08 eee 50 45 
O'53::tovO0.62).2 eee ee 55 50 


Special Hardenability Test Bars—The preceding standard pro- 
cedure is suitable for steels with less hardening ability than those 
that harden by aircooling in a 34-in. round, excepting some shal- 
low-hardening low-carbon and water-hardening tool steels. For 
these shallow-hardening steels, other forms of specimens illus- 
trated in Fig. 11 may be used to give more accurate results. 
Normalizing prior to heating for end quenching does not apply 
to tool steel which is usually received in the annealed condition. 
The annealed structure should not be changed prior to heating 
for the hardenability test. 

Fig. 12 shows the cooling rates in these Type L test bars in 
comparison with the cooling rates in the standard test bar. 


(Continued on next page.) 
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A—Type L specimen (from ASM Transactions, Vol. 27, pp: 
1072-1085: ‘‘A Hardenability Test for Shallow-Hardening Steels’’ 


| by W. L. Jominy). 


B—Alternate stud for L-type specimen for use in fixture for 


standard hardenability bar. 


C—Conical specimen (reproduced here for readers’ convenience 
only from SAE Transactions, Vol. 49, July 1941, pp. 278-283: ‘‘De- 


| termination of Specific Hardenability of Shallow-Hardening 


Steels” by O. V. Greene and C. B. Post). 

' D—Shepherd P-F test (reproduced here for readers’ convenience 
only from ASM Transactions, Vol. 22, 1934, p. 979: “‘The P-F 
Characteristic of Steel’? by B. F. Shepherd). 


The L-type specimen, the free water column height should be 


| 4 in. and the orifice 14 in. below the end of the test specimen. 


Hardness curves for the Type L test bar should be plotted on 
the chart shown in Fig. 13. 

Sub-Size Test Bars—For determining hardenability of steel 
received in bars less than 14 in. in diameter, the test bar may be 
made 34, 14, or 4 in. diameter, as desired, and end quenched as 


| prescribed for the 1-in. round. Modifications in the water orifice 
|) are required for quenching cylinders of less than 1-in. diameter. 


The details of orifices for quenching specimens less than 1-in. 


| diameter are given in Table 3. 


The greater aircooling effect on test bars less than 1-in. di- 
ameter and especially in bars smaller than 34-in. diameter, the 
cooling rates at various distances from the quenched end will not 
be the same as in the standard test bar. 

Hardness curves from these smaller bars are not comparable 
with curves from the 1-in. diameter specimen. If the standard 
hardness curve from sub-size specimens is needed it becomes 
necessary to make actual cooling-rate determinations on the 
sub-size specimen in question. 
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Fic. 12—Cooxiine Rates AT DIFFERENT DISTANCES FROM THE 
QuENcHED END or THE STANDARD TEST BAR AND OF THE TYPE 
L Test Bar 


Cooling rates for the standard test bar are based on data from 
National Defense Research Committee Report OSRD No. 3748. 


Insert Test Bar for Testing Steel of Small Diameter—For 
specimens less than 14 in. in diameter, the insert test bar may be 
used. As with the sub-size test bars, the results are comparable 
only with other tests on the same kind of bar. The cooling rates 
at various distances from the quenched end of test specimens less 
than 1 in. in diameter have not yet been determined, but it can 
be stated that due to the proportionate increase in the effect of 
aircooling as the diameter of the test bar decreases, the curve for 
cooling rate versus distance from the quenched end in sizes less 
than 1-in. diameter will not be the same as for the 1-in. diameter. 


TABLE 38—Orifices for Small Quenching Specimens 


‘ANCE FROM ORIFICE 
TEST BAR DIAM— ORIFICE SOMES END OF FREE HEIGHT OF 
N, 
ETER, IN. SIZE, IN, SPECIMEN, IN. WATER COLUMN, IN. 
1 1 
4 re) a) 243 
3g 
Ve M4 % 4 
1 
VA % Ya 8 
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SAE HARDENABILITY CHART 


END QUENCH TEST FOR L-BAR Ss 
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Fig. 13—STaANDARD HarDENABILITY CHART FoR L Bar 


Copies of the chart in 814 by 11-in. size may be obtained from the 
SAE at nominal cost. 


‘These smaller specimens, therefore, are useful only for comparing 
empirically the hardenability of successive heats of steel. 

The test specimens are machined as shown in Fig. 14. The hole 
is slightly larger than the test piece. This provides an annular 
‘space to be filled with a low-melting alloy such as Wood’s Metal 
which provides thermal contact between the test piece and its 
1-in.-diameter cylindrical sheath. In use, the sheath is warmed 
above the melting point of the alloy, the required amount of 
Wood’s Metal poured in, the test piece inserted, and the stud 
screwed in, forcing the test specimen firmly against the bottom 
of the hole. The assembly is then heated and quenched as pre- 
scribed for the standard hardenability test procedure. After the 
quench, the assembly is warmed in boiling water to melt the 
Wood’s Metal and the test specimen removed and tested as 
prescribed for the standard specimen. 
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SAE General Information 


Report of the Iron and Steel Division approved June 1911 and last revised January 1942. Information in this SAE General Information report on 
sub-size specimens conforms to Federal Specification QQ-M-l5la except pribet the 0,.437-in. pull diameter is omitted and the 0.160-in. pull diameter. 1 is 


added. Information on the other specimens conforms to ASTM E 8 - 


[SAE steels are to be purchased on the basis of requirements as to 
chemical composition. (See the SAE Standards for Chemical 
Compositions of SAE Carbon Steels and Chemical Compositions of 
SAE Alloy Steels.) When the steel user desires physical tests, the 
test specimens shall be selected and prepared in accordance with 
this report. ASTM E 8 — 42 T gwes more detailed information on 
specimens. | 


In recommending these specimens for use in tension tests, it is 
not intended to exclude entirely the use of other test specimens 
for special materials or for special forms of material. It is, how- 


he ever, recommended that, wherever it is feasible, the specimens be 


used. 
The reduced sections of all specimens shall be machined in 


such a manner as to avoid leaving severe machining strains in the 
material. It is essential that the reduced section and the ends of 
the specimen be symmetrical with respect to the longitudinal 
axis of the specimen. In no case should the asymmetry of the 
tension test specimen exceed 0.01 in. 

All specimens used for tension tests shall be finished so that the 
surfaces are smooth and free from nicks and tool marks. All 
ragged edges shall be smoothed. 

Flat Test Specimens—The tension-test specimens shown in 
Fig. 1 are recommended for plate, shapes, and flat material 
having a thickness of 3/¢ in. or over. 

For tension tests of wrought ferrous and nonferrous metal in 
the form of plate, sheet, flat wire, strip, band, and hoop ranging 
in thickness from 0.005 to, but not including, 4% in., and widths 
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Parallel Section not less than 9" —>| 
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Fic. 1—TENsIon-TEst SPECIMEN FOR PLATE MatTEriau 


of 114, in. or greater, the test specimen described in the following 
paragraphs is recommended. 

There should be gradual taper from ends of the reduced section 
to the middle. All machining dimensions are shown below and 
testing dimensions above the specimen. The ends shall be 
symmetrical within 0.01 in. 

Fig. 2 shows the form of the finished specimen recommended 
for sheet metals. 
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Fic. 2—Trnsion-Test SPECIMEN FOR SHEET MeErTALs 


Round Test Specimens—The tension-test specimen shown in 


Fig. 3 is recommended for general use in testing metals. The | 


gage length for measuring elongation after fracture is 2 in. The 
radius shall be not less than 1g in——a larger radius is preferable 
and for some materials necessary. 


Minimum Radius Recommended 
-in.,but not less than $-in 
Permitted. 
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Nore:-The go age length, poralle/ section, and fillets 
shall be as shown, but the ends may be of ony 
shape to fit the holders of the testing machine 
in such a woy thot the lood shall be oxial. 


Fia. 3—Rounp Trension-TeEst Specimen, 2-In. Gace LENGTH 


The gage length, parallel section, and fillets shall be as shown, 
but the ends may be of any shape to fit the holders of the testing 
machine in such a way that the load will be axial. 

A slight taper of the parallel section not to exceed a maximum 


1 From Federal Specification QQ-M-15la, November 1939. 


of 1% of the diameter within the gage length, similar to that 
shown in Fig. 2 for sheet materials, is desirable for all tension-test 
specimens. 

The shape of the ends of the specimen shown in Fig. 3 is not 
specified. For specimens of brittle materials, it is desirable to 
have fillets of large radius at the ends of the gage length so that 
the diameter of the specimen changes gradually along its length 
from the minimum section at the gage length to the diameter at 
the ends. Fig. 4 shows two forms of end of specimen which have 
given satisfactory results in tests of brittle materials. 

Tension-test specimens of wire and rod are frequently of the 
full size as fabricated. For the measurement of elongation of wire 
or rod not over 14 in. in nominal diameter, the gage length of 10 
in. is frequently used. 
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(a) Specimen with Shouldered Ends — (b) Specimen with Threaded Ends 


Fic. 4—Rounp Tension-TrEst SPECIMENS, THREADED 
AND SHOULDERED 


Sub-Size Test Specimens'—When it is necessary to cut speci- 
mens from material (other than plate, shape, and flat material) 
which is of such size that the specimen shown in Fig. 3 cannot be 
used, it is recommended that a sub-size specimen, as described 
in Fig. 5 and Table 1, be used. 
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Fic. 5—Sus-SizE TEension-TEest SPECIMEN 


TABLE 1—Dimensions for Tension-Test Specimen 
Shown in Fig. 6 


| D | E 
A £2% G B | 0.015 | APPROXIMATE | APPROXIMATE aera) 
| 
0.357 | 1.4 1.750 | 0.500 3.500 | 0.625 0.25 
0.252 | 1.0 1.250 | 0.375 3.000 . 0.625 0.18 
0.160 | 0.6384 | 0.750 | 0.312 2.000 0.437 0.15 
0.113 | 0.4 0.625 | 0.250 1.625 0.375 0.09 


When the use of an extensometer is required to determine the 
elastic properties, dimensions G, B, and D may be modified to 
provide therefor. In all cases the percentage of elongation shall 
be based on dimension G given in the above table. 
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Hardness Tests and 
Hardness Number Conversions 


SAE General Information 


Report of Iron and Steel Division approved January 1946. 


[The accompanying conversion tables for steel hardness numbers 
are based on extensive tests on carbon and alloy steels, mostly in the 
heat-treated condition, but have been found to be reliable on practically 
all constructional alloy steels and tool steels in the as-forged, an- 
nealed, normalized, and quenched and tempered conditions, pro- 
vided they are homogeneous. Such special cases as high-manganese 
steel, 1S% chromium—8% nickel steel and other austenitic steels, 
and nickel-base alloys, as well as constructional alloy steels and tool 
steels un the cold-worked condition, may not conform to the relation- 
ships gwen with the same degree of accuracy as the steels for which 
the tables are intended. 

All numbers in these tables given in bold-face type were prepared 
jointly by the American Society for Testing Materials (E 48), 
the American Society for Metals, and the SAE from carefully 
checked data. The values given in regular-face type were taken from 
the Army-Navy Approximate Hardness-Tenstle Stiength Relation- 
ship of Carbon and Low-Alloy Steels (from AN-QQ-H-201) pub- 
lished in the 1948 SAE Handbook, with only minor adjustments. 

The tables give the approximate relationship of DPH (Vickers), 
 Brinell, Rockwell, and Scleroscope hardness values and correspond- 
ang approximate tensile strengths of steels. It 1s impossible to give 
exact relationships because of the inevitable influence of size, mass, 
composition, and method of heat-treatment. Where more precise 
conversions are required, they should be developed specially for 

_ each steel composition, heat-treatment, and part.}. 


Use of Conversion Tables—The conversions given in the 
accompanying Tables 1, 2, and 3 are recommended for use in 
conyerting the results of one form of hardness test to another 
only on flat surfaces and only when the specific test procedures 
and precautions outlined in the several hardness test methods 
are followed. Attention is called to the limitation in ASTM 
E 10 on the use of the standard steel ball to hardnesses under 
| 500 Brinell. The Rockwell Superficial Hardness and the Diamond 
|| Pyramid Hardness tests require especially smooth surfaces for 
accurate results. In all tests, a specimen should be of sufficient 
_ thickness to avoid anvil effect—which thickness is roughly 10 
times the depth of the indentation. It is important that con- 
versions from Brinell hardness to shallow-impression-type tests, 
such-as Rockwell Superficial and Diamond Pyramid Hardness 
| tests, be made only on materials that are of uniform hardness to a 
| depth at least 10 times that of the indentation. Such hardness 


|| conversions should not be made on surface-hardened, coated, or 


decarburized surfaces. Although the Rockwell Hardness and the 
Rockwell Superficial Hardness values in the tables are given to 
tenths of a point in order to maintain exact relationships be- 
tween the various scales, it is customary to report these values to 
the nearest point. Experience has shown that even under care- 
fully controlled conditions, some deviations from the conversion 
relationships will occur. 

The numbers given in parentheses in the tables are values 
| beyond the practical range of usefulness of the type of test under 
which they appear and have no strict application. They are in- 
cluded in the tables as a matter of information only. 


Diamond Pyramid Hardness (Vickers, DPH), Table 1— 
Diamond Pyramid Hardness (DPH) is determined by forcing a 
square-base diamond pyramid having an apex angle of 136 deg 
into the test specimen under loads usually of 5 to 50 kg and 
measuring the diagonals of the recovered indentations. The 
Diamond Pyramid Hardness is defined as the load per unit area 
of surface contact in kilograms per square millimeter as calculated 
from the average diagonal as follows: 


5 @ 
DPH = 2L —. 


d2 


where DPH = diamond pyramid hardness 
d = length of average diagonal in millimeters 
a = apex angle = 136 deg 
L = load in kilograms 

Brinell Hardness—Table 2 and 3—Test Ball—The diameter 
of the ball shall be 10.00 + 0.01 mm (0.3937 + 0.0004 in.) and 
shall be constant within +0.0025 mm (0.0001 in.). The load 
applied shall be 3000 kg (6614 Ib) for at least 10 sec on iron and 
steel. 

Test Impression—The average diameter of the impression shall 
be obtained from two measurements at right angles to each 
other, made with an instrument having a reading error not over 
0.01 mm (0.0004 in.). 

Test Specimen—The surface of the specimen should be flat 
and reasonably free from scratches. The specimen shall be taken 
deep enough to represent the true composition of the material to 
be tested, and shall be maintained in a plane normal to the direc- 
tion of the testing load. 

Exceptions—This test should not be used on soft steels less 
than 14-in. thick or on areas small enough to permit deflection 
of the edges of the specimen owing to the flow from the ball 
depression. 

For further information on standard methods of Brinell 
hardness testing, refer to ASTM E10. For Brinell Hardness 
Numbers for Various Loads, see Table 3. 

Rockwell Hardness—Table 4—Principle of Test—The Rock- 
well hardness tester is essentially a machine that measures 
hardness by determining the depth of penetration of a penetrator 
into the specimen under certain arbitrarily fixed conditions of 
test. The penetrator may be either a steel ball or a diamond 
sphero-conical penetrator. The hardness value as read from the 
dial is an arbitrary number which is related to the depth of 
indentation, and since the scales are reversed, the number is 
higher the harder the material. A minor load of 10 kg is first 
applied which causes an initial penetration which sets the 
penetrator on the material and holds it in position. The dial is 
set at zero on the black figure scale and the major load is applied. 
After the major load is applied and removed, according to 
standard procedure, the reading is taken while the minor load is 
still in position. 


(Text continued after Table 1.) 
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TABLE 1—Approximate Equivalent Hardness Numbers* for Diamond Pyramid Hardness Numbers (DPH, Vickers), for Steel 


ROCKWELL SUPERFICIAL 

po Tone DALE, GOR LORD ROCKWELL HARDNESS NUMBER? HARON ESS OUBES,, SvEReEteAe ree rae Meee 

pecans SCLEROSCOPE STRENGTH PYRAMID 

sense dass A-scale, | B-scale, | C-scale | D-scale, 1s-N 30-N 45-N HARDNESS’ | (APPROXIMATE) eae 

eaaae Stands Hult- | Tungsten- eke 100-kg 150-kg 100-kg ponies acater Beales NUMBER IN 1000 ps1 Sones 

ard ball Fall ie tie eee pat Foe ene: ce 15-kg 30-kg 45-kg 
trator |diamball | trator trator load load load 

Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 Col. 7 Col. 8 Col. 9 Col. 10 Col. 11 Col. 12 Col. 13 Col. 14 
940 — _— — 85 .6 — 68 .0 76.9 93.2 84.4 75.4 97 — 940 
920 — ~ ~ 85.3 67 .5 76.5 93.0 84.0 74.8 96 — 920 
900 _- _— — 85 .0 — . 67.0 76.1 92.9 83.6 74.2 95 — 900 
880 -— _— 767 84.7 — 66.4 75.7 92.7 83.1 73.6 93 = 880 
860 — _— 757 84.4 — 65.9 75.3 92.5 82.7 73.1 92 — 860 
840 — — 745 84.1 — 65.3 74.8 92.3 82.2 12.2 91 —_— 840 
820 - — 733 83 .8 — 64.7 74.3 92.1 81.7 71.8 90 _ 820 
800 — — 722 83 .4 — 64.0 73.8 91.8 81.1 71.0 88 — 800 
780 = — 710 83 .0 — 63 .3 73.3 91.5 80.4 | 70.2 87 — 780 
760 — -~ 698 82.6 — 62.5 72.6 91.2 79.7 69.4 86 — 760 
740 — _— 684 82.2 — 61.8 12.1 91.0 79.1 68 .6 84 — 740 
720 — —_— 670 81.8 — 61.0 71.6 90.7 78.4 67.7 83 _ 720 
700 — 615 656 81.3 — 60.1 70.8 90 .3 77.6 66.7 81 _— 700 
690 — 610 647 81.1 — 59.7 70.5 90.1 17.2 66 .2 —_ _— 690 
680 _— 603 638 80.8 — 59 .2 70.1 89.8 76.8 65.7 80 329 680 
670 — 597 630 80.6 -— 58.8 69 .8 89.7 76.4 65.3 —_— 324 670 
660 — 590 620 80.3 — 58.3 69 .4 89.5 75.9 64.7 79 319 660 
650 — 585 611 80.0 — 57 .8 69 .0 89 .2 75.5 64.1 _— 314 650 
640 — 578 601 79.8 — 57.3 68.7 89.0 75.1 63 .5 77 309 640 
630 — 571 591 79.5 — 56.8 68.3 88.8 74.6 63 .0 —_— 304 630 
620 — 564 582 79 .2 — 56.3 67 .9 88 .5 74.2 62.4 (5) 299 620 
610 — 557 573 78.9 — 55.7 67 .5 88 .2 73.6 61.7 _ 294 610 
600 — 550 564 78.6 _ 55 .2 67.0 88 .0 73.2 61 .2 74 289 600 
590 — 542 554 78.4 — 64.7 66.7 87.8 72.7 60.5 — 284 590 
580 _ 535 545 78.0 — 64.1 66 .2 87.5 72.1 59.9 72 279 580 
570 — 527 535 77.8 _— 53 .6 65.8 87 .2 11.7 59.3 — 274 570 
560 — 519 525 17.4 — 53.0 65.4 86.9 71.2 58.6 71 269 560 
550 505 512 517 717.0 — 52.3 64.8 86.6 70.6 57.8 _ 264 550 
540 496 503 507 76.7 — 51.7 64.4 86.3 70.0 57.0 69 260 540 
530 488 495 497 76.4 — 61.1 63.9 86 .0 69.5 56 .2 —_ 254 530 
520 480 487 488 76.1 — 60.5 63 .5 85.7 69.0 55 .6 67 250 520 
510 473 479 479 75.7 — 49 .8 62.9 85.4 68 .3 54.7 244 510 
500 465 471 471 75.3 — 49.1 62 .2 85.0 67.7 53 .9 66 240 500 
490 456 460 460 74.9 — 48 .4 61.6 84.7 67 .1 53.1 = 234 490 
480 448 452 452 74.5 — 47.7 61.3 84.3 66.4 62.2 64 230 480 
470 441 442 442 74.1 — 46.9 60.7 83 .9 65.7 61.3 — 224 470 
460 433 433 433 73.6 — 46.1 60.1 83 .6 64.9 50.4 62 220 460 
450 425 425 425 73.3 _ 45.3 59.4 83 .2 64.3 49 .4 _ 214 450 
440 415 415 415 72.8 — 44.5 68.8 82.8 63.5 48.4 59 210 440 
430 405 405 405 712.3 === |).43..6 58.2 82.3 62.7 47.4 — 204 430 
420 397 397 397 71.8 _ 42.7 57 .5 81.8 61.9 46.4 57 200 420 
410 388 388 388 71.4 _— 41.8 56.8 81.4 61.1 45.3 — 195 410 
400 379 379 379 70.8 ~~ 40.8 56.0 81.0 60.2 44.1 55 190 400 
390 369 369 369 70.3 — 39.8 55.2 80.3 59.3 42.9 “= 185 390 
380 360 360 360 69.8 |(110.0) | 38.8 54.4 79.8 58.4 41.7 ne, 180 380 


(Table continued on next page.) 
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or machining offer unequal support to the penetrator. The degree 
of surface preparation then depends to some extent on the re- 


| quirements of testing, whether they be production or research. 


Thickness of Specimens—The minimum allowable thickness of 
any specimen varies according to the hardness, the load applied, 


TABLE 1—Approximate Equivalent Hardness Numbers* for Diamond Pyramid Hardness Numbers (DPH, Vickers), for Steel (Concluded) 
‘ enen Ae eee ROCKWELL HARDNESS NUMBER? esaist ois Copan 
DIAMOND ? ; BRALE PENETRATOR Panne ree DIAMOND 
Se SCLEROSCOPE STRENGTH PS 
pace A-scale, | B-scale, ; C-scale, D-scale, 15-N 30-N 45-N HARDNESS (APPROXIMATE) Seen 
Te oREee Stand- Hult- | Tungsten- 60-kg 100-kg 150-kg 100-kg acales scale, cealel NUMBER IN 1000 pst BOO Toho 
ard ball Tall en Aa - ee beac sek eee .|  1S-ke 30-kg 45-kg 
; s ator : ue ball tea toe trator load load load 
Col. 1 Col. 2 Col. 3 Col. 4 Col, 5 Col. 6 Cole Col. 8 Col. 9 Col. 10 Col. i1 Col. 12 Col. 13 Col. 14 
370 | 350 350 350 69 .2 — at. 53 .6 79 .2 57 .4 40.4 — itis) 370 
360 341 341 341 68.7 |(109.0) 36 .6 52.8 78.6 56.4 39.1 50 170 360 
350 331 331 331 68.1 — 35.5 61.9 78.0 55.4 37 .8 — 166 350 
340 322 322 322 67.6 |(108.0) 34.4 51.1 TT .4 64.4 36.5 47 161 340 
* 330 313 313 313 67 .0 — 33 .3 50.2 76.8 53 .6 35 .2 — 156 330 
320 303 303 303 66.4 |(107.0) 32 .2 49.4 76.2 52.3 33.9 45 AUS = 320 
310 294 294 294 65 .8 —_— 31.0 48 .4 75.6 61.3 32.5 —_ 146 310 
300 284 284 284 65.2 |(105.5) 29.8 47 .5 74.9 50.2 31.1 42 141 300 
295 280 280 280 64.8 — 29 .2 47 1 74.6 49.7 30.4 — 139 295 
290 275 275 275 64.5 |(104.5) 28 .5 46 .5 74.2 49 .0 29 .5 41 136 290 
i 285 270 270 270 64.2 —_ 27.8 46 .0 73.8 48 .4 28.7 = 134 285 
| 280 265 265 265 63.8 |(103.5) 27.1 45 .3 73 4 47 .8 27.9 40 131 280. 
i 275 261 261 261 63 .5 — 26 .4 44.9 73.0 47 2 27.1 — 129 275 
| 270 256 256 256 63.1 |(102.0) 25.6 44.3 72.6 46 .4 26 .2 38 126 270 
265 252 252 252 62.7 — 24.8 43.7 Wick 45.7 25 .2 — 124 265 
i 
| 260 247 247 247 62.4 |(101.0) 24.0 43.1 71.6 45 .0 24.3 37 121 260 
255 243 243 243 62.0 => 23 1 42.2 71.1 44 .2 23 .2 — 119 255 
250 238 238 238 61.6 99.5 22 .2 41.7 70.6 43 .4 22 .2 36 116 250 
| 245 233 233 233 61.2 = 21.3 41.1 70.1 42.5 21 1 _— 4 114 245 
| 240 228 228 228 60.7 98.1 20.3 40.3 69 .6 41.7 19.9 34 111 240 
“230 | 219 219 | 219 —_ 96.7 | (18.0) 33 106 230 
7 220 209 209 209 —_— 95.0 (15.7) 32 101 220 
4 _ 210 200 | 200 200 —_ 93.4 (13.4) 30 97 210 
| 200 190 190 190 — 91.5 (11.0) 29 92 200 
2 190 181 181 181 —_ 89.5 ( 8.5) 28 88 190 
i 180 itr Ge Weg 171 — 87.1 | ( 6.0) 26 84 180 
| 170 162 162 162 — 85.0 ( 3.0) = = —_ — 25 19 170 
| 160 152 152 152 _— 81.7 ( 0.0) 24 75 160 
‘il 150 148 143 143 — 78.7 22 71 150 
140 133 133 133 —_— 75.0 — — —_ — — 21 66 140 
a 130 Pee 124 | 718 20 62 130 
zl 120 114 114 114 -- 66.7 —_— 57 120 
; “110 105 105 105 — 62.3 } | = 110 
| 100 95 95 95 —_ 56.2 — — 100 
; 95 90 90 90 — 52.0 = = —- 95 
| 90 86 86 86 — 48.0 — — 90 
( 85 81 81 81 — 41.0 — — 85 
a ® The values in this table shown in bold-face type correspond to the values shown in the corresponding joint SAE-ASM-ASTM Committee on Hardness Conversions as 
| printed in ASTM E 48 - 43 T, Table 1. 
| 6 Values in ( ) are beyond normal range and are given for information only. 
Preparation of Surfaces—Concordant results are dependent on and the kind of test. point or penetrator used. The hardest steels 
surface roughness being much less than the size of the impression. give true hardness readings if over 0.027 in. in thickness. 
Surfaces that are ridged perceptibly to the eye by rough grinding Curved Surfaces—Data for hardness tests on a highly curved 


surface should be accompanied by a statement of the radius of 
curvature. In testing small rounds, the effect of curvature can be 
eliminated by making a small flat spot on the specimen. 


(Text continued after Table 2.) 
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TABLE 2—Approzimate Equivalent Hardness Numbers* for Brinell Hardness Numbers,» for Steel 


| : ROCKWELL SUPERFICIAL | : 
pe Sree SS ae ie ) ROCKWELL HARDNESS NUMBER® ) asco ee | » tee a oe 
= yRaump | | ; x Ey 
TION ; | EARDNESS ) A-scale, | B-scale, | C-scale, | D-scale . 15-N 30-N 45-N . Score | (armeox oe 
DIAMETER, | / | NUMBER, | | Pe ee ns | al 5-) -N i Tf NESS | MATE } i 
sar” | Standard | Hultgren | TUPgste2-| ‘vicxers | : ae poke ieee Pi | scale, | scale, | dene, | "yosmee | 1000 Pst | | ane 
ball ball carbide oa oe oad, | load, | iskg | 30kg | 45kg | 
a [brake piste | tere ee cee] mee) aon ene, So ) 
; | Ti ; am | ir ir : 
| ) | 
Col. 1 Col. 2 Col.3 | Col. 4 | Col. 5 | Col. 6 Col. 7 | Col. 8 Col. 9 | Col. 10 Col. 11 | Col. 12 | Col.13 | Col. 14 Col. 15 
eae ry eas es ea a re far ae Be = 
eee) ee Et Nhe hed ee -- 67.5 | 36.5" | 93.0 |. S£0") (74.38 15 Oe See — 
= a A ka Sm Merce — 67.0"| ‘76.1 | 92.9) 83.6" | 7432 |) 9b _ — 
s — ae 1 "967 880 84.7 = 66.41 5.70) O27 | Pe] Tae |) es = — 
= — _ 757 860 84.4 = 65.9. | 75.32) O2.Se 18274) Bde | 82 Does — 
| . ) 
2.25 — <= gab 840 84.1 653" | eS | ee: |) See eee Le e 2.25 
= — = hh o7as ol soe 83.8 = 64.7 | 743 Fo9ea: | SUF] 78 |) Ao ae — 
= = es aes 800 83.4 =: 64.0 | 73.8 | 91.8 | 81.1 | 7 | 
2.30 = — | 712 a= = | = ay |} ae _ 2. 
— Se Al aye 730 | 83.0 63.3.| 73.3.)-91.5 | e804) ) 702 sy | — ~ 
= = a eee Poe | se a eee | een) GE oe | Tze 71 tegen. | tame ee = 
| j | 
= = — | ‘ese-| wane] sae] or} euemell aeene) Peand rmmed | lene |) a ae = 
2.35 = = 682 737 82.2 S 6i.7-| 72.0 | 91.0 | 79.0'| 68.5 | 84 | = 2. 
— = =» | 66 720 81.8 a2 61.0.) Jib. | BOT" ee) 87s 83 — — 
= = = 656 700 81.3 cs 60.1 | 70.8 | 90.3-+-77.6-1 66.7 — = — 
2.40 = aero 697 81.2 — +~60.0 | 70.7 | 90.2 | 77.6 | 66.5 81 = 2.40 
= = Sats) 1b igay 690 81.1 = 50-30 POS Mkt TIa2e| O62 |) es = = 
— ~ = 638 680 80.8 = 59.2 | 70.1 | £9.8 | 76.8 | 65.7 | 80 329 — 
co = pee eae 670 80.6 = 58.8 | 69.8 | 89.7 | 76.4 | 65.3 = 324 = 
2.45 = = 627 667 80.5 = 68.7 | 69.7 | 89.6 | 76.3 | 65.1 | 79 | 323 2.45 
oi 61 | — 677 80.7 59.1 | 70.0 | 89.8 | 76.8 | 65.7 | — 328 \a 50 
yd | — | 601 640 79.8 =e 87.3 | 68.7 | 89.0 | 75.1 | 63.5 77 309 ; 
) 
wine 578 | — 640 79.8 57.3 | 68.7 | 89.0 | 75.1 | 63.5 = 309 \a 55 
; = — | 878 615 79.1 = 56.0 | 67.7 | 88.4 | 73.9 | 62.1 75 297 
ae 555 0 607 | 78.8 55.6 | 67.4 | 83.1 | 73.5 | 61.6 — 293 \ 2.60 
= sae) (3 Bp 591 78.4 = 54.7 | 66.7 | 87.8 | 72.7 | 60.6 73 285 : 
Ay = as | = 579 78.0 = 54,0 | 66.1 | 87.5 | 72.0 | 59.8 —~ 279 } 2.65 
— ==). |. 684 569 77.8 53.5 | 65.8 | 87.2 | 71.6 | 569.2 71 274 : 
2-70 514 = 553 171 52.5 | 65.0 | 86.7 | 70.7 | 58.0 as 266 \ 2.70 
= = 514 547 76.9 = 52.1 | 64.7 | 86.5 | 70.3 | 57.6 70 263 
495 aan |) 539 76.7 = 51.6 | 64.3 | 86.3 | 69.9 | 56.9 ae 259 
2.75 = 45.| — 530 76.4 61.1 | 63.9 | 86.0 | 69.5 | 56.2 = 254 2.75 
ea th asp 528 76.3 = 51.0 | 63.8 | 85.9 | 69.4 | 56.1 68 253 
| 
ATT As 516 | 75.9 | — | 50.3 | 63.2 | 85.6 | 68.7 | 55.2 =e 247 | 
20 4) — 477 a) Ww E08 75.6 — 49.6 | 62.7 | 85.3 | 68.2 | 54.5 — 243 2.80 
— = 477 508 75.6 = 49.6 | 62.7 | 85.3 | 68.2 | 54.5 66 243 
{ 461 = = 495 75.1 Z 48.8 | 61.9 | 84.9 | 67.4 | 53.5 = | aie 
2.85 ae 461 = 491 74.9 = 48.5 | 61.7 | 84.7 | 67.2 | 53.2 a 235 2.85 
= es 461 491 74.9 = 48.5 | 61.7 | 84.7 | 67.2 | 53.2 65 235 
. | 
( 444 = = 474 74.3 = 47.2 | 61.0 | 84.1 | 66.0 | 51.7 _ 226 | 
2.90 {| — | 444 = 472 74.2 = 47.1 | 60.8 | 84.0 | 65.8 | 61.5 = 225 2.90 
= = 444 472 74.2 = 47.1 | 60.8 | 84.0 | 65.8 | 51.5 63 225 
; 
2.95 429 409 | 429 | 455 73.4 — | 45.7 | 59.7 | 83.4 | 64.6 | 49.9 61 217 2.96 
3.00 415 415 | 415 440 72.8 = 44.6 | 68.8 | 82.8 | 63.5 | 48.4 59 210 3.00 
3.05 401 | 401 401 425 72.0 = 43.1 | 67.8 | 82.0 | 62.3 46.9 58 202 3.05 
} | ! 
3.10 | 388 | 388 | 388 ao | 1.4 | — | 41.8 | 56.8 | 81.4 | GLa | 45.3 56 | 195 | 8.40- 
3.15 375 375 375 | 396 70.6 | — | 40.4 | 655.7 | 80.6 | 59.9 | 43.6 54 | 188 3.15 
3.20 363 363 363 | 383 | 70.0 | — | 39.1 | 54.6 | 80.0 | 58.7 | 42.0 52 182 3.20 
3.25 352 | 352 352 372 69.3 | (110.0) 37.9 | 53.8 | 79.3 | 57.6 | 40.5 51 176 | 3.25 
3.30 | 341 | 341 341 360 68.7 | (109.0) 36.6 | 62.8 | 78.6 | 66.4 | 39.1 50 170 . 3.30 
(Table continued on next page.) 
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TABLE 2—Approzimate Equivalent Hardness Numbers for Brinell Hardness* Numbers,» for Steel (Concluded) 
Sage unes Numer, ROCKWELL HARDNESS NUMBERS HARDNESS NUMBER, SUPERFICIAL 
BRINELL DIAMOND BRALE PENETRATOR SHORE TENSILE BRINELL 
TION HARDNESS “score | (approxt- |" n10N 
A-scale, | B-scale, | C-scale, | D-scale, 2 . ss ea TO; 
Sa statra| geen |Tunge) Named | | he | ae AE Fee | ae | cay | one | deer | NS 
a} a) ? rad ’ ? cs) a ar 
eal pre Varireay (rae mete ealgnete ad | Rad | Toad 
Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 Col. 7 Col. 8 Col. 9 Col. 10 Col. 11 Col. 12 Col. 13 Col. 14 Col. 15 
3.35 331 331 331 350 68.1 | (108.5)| 35.5 51.9 78.0 55.4 37.8 48 166 3.35 
3.40 321 321 321 339 67.5 | (108.0)| 34.3 51.0 17.3 54.3 36.4 47 160 3.40 
3.45 311 311 311 328 66.9 | (107.5)} 33.1 50.0 76.7 53.3 34.4 46 155 3.45 
3.50 302 302 302 319 66.3 | (107.0)) 32.1 49.3 76.1 52.2 33.8 45 150 3.50 
3.55 293 293 293 309 65.7 | (106.0)| 30.9 48.3 75.5 51.2 32.4 43 145 3.55 
3.60 285 285 285 301 65.3 | (105.5)| 29.9 47.6 75.0 50.3 31.2 = 141 3.60 
3.65 277 277 277 292 64.6 | (104.5)} 28.8 46.7 74.4 49.3 29.9 41 137 3.65 
3.70 269 269 269 284 64.1 | (104.@)| 27.6 45.9 73.7 48.3 28.5 40 133 3.70 
3.75 262 262 262 276 63.6 | (103.0)| 26.6 45.0 73.1 47.3 27.3 39 129 3.75 
~. 3.80 255 255 255 269 63.0 | (102.0)) 25.4 44.2 72.5 46.2 26.0 38 126 3.80 
3.85 248 248 248 261 62.5 | (101.0)| 24.2 43.2 71.7 45.1 24.5 37 122 3.85 
3.90 241 241 241 253 61.8 100.0 | 22.8 42.0 70.9 43.9 22.8 36 118 3.90 
3.95 235 235 235 247 61.4 99.0 | 21.7 41.4 70.3 42.9 21.6 35 115 3.95 
4.00 229 229 229 241 60.8 98.2 | 20.5 40.5 69.7 41.9 20.1 34 111 4.00 
4.05 223 223 223 234 = 97.3 | (18.8) = = = == = = 4.05 
4,10 217 217 217 228 == 96.4 | (17.5) = = = = 33 105 4.10 
4.15 212 212 212 222 = 95.5 | (16.0) = = == = = 102 4.15 
4.20 207 207 207 218 — 94.6 | (15.2) a = = = 32 100 4,20 
4.25 201 201 201 212 = 93.8 | (13.8) = = = = 31 98 4,25 
4.30 197 197 197 207 =3 92.8 | (12.7) == = a = 30 95 4,30 
4.35 192 192 192 202 == 91.9 | (11.5) = = a = 29 93 4,35 
4.40 187 187 187 196 = 90.7 | (10.0) = = = = = 90 4.40 
4.45 183 183 183 192 = 90.0 | (9.0) = = = = 28 89 4.45 
4.50 179 179 179 188 = 89.0 | (8.0) ae = = == 27 87 4.50 
4.55 174 174 174 182 = 87.8, (©.4) = = ae =e = 85 4.55 
4.60 170 170 170 178 = 86.8 | (5.4) == — = aa 26 83 4.60 
4.65 167 167 167 | | 175 = 86.0 | (4.4) = == ms = cs 81 4.65 
4.70 163 163 163 171 = 85.0 | (3.3) = = = = 25 79 4.70 
4.80 156 156 156 163 a= 82.9 | (0.9) = a = SS = 76 4.80 
4.90 149 149 149 156 c= 80.8 = = ss == = 23 73 4.90 
5.00 143 143 143 150 — 78.7 = = a= = 22 71 5.00 
5.10 137 137 137 143 = 76.4 = =e <= == 21 67 5.10 
5.20 131 131 131 137 a 74.0 =e = = 65 5.20 
5.30 126 126 126 132 = 72.0 = = = = = 20 63 5.30 
5.40 121 121 121 127 = 69.8 == = = = a 19 60 5.40 
5.50 116 116 116 122 = 67.6 == ant = 18 58 5.50 
5.60 111 111 111 117 = 65.7 15 56 5.60 


® The values in this table shown in bold-face type correspond to the values shown in the corresponding joint SAE-ASM-ASTM Committee on Hardness Conversions as printed 


in ASTM E 48 - 43 T, Table 3. 


Brinell numbers are based on the diameter of impressed indentation. If the ball distorts (flattens) during test, Brinell numbers will vary in accordance with the degree of such 
distortion when related to hardnesses determined with a Vickers Diamond Pyramid, Rockwell Brale, or other penetrator which does not sensibly distort. At high hardnesses, 
therefore, the relationship between Brinell and Vickers or Rockwell scales is affected by the type of ball used. Steel balls (Standard or Hultgren) tend to flatten slightly more than 
carbide balls, resulting in larger indentation and lower Brinell number than shown by a carbide ball. Thus, on aspecimen of 640 Vickers, a Hultgren ball will leave a 2.55 mm im- 
|| pression (578 BHN), and the carbide ball a 2.50 mm impression (601 BHN). Conversely, identical impression diameters for both types of ball will correspond to different Vickers 
| or Rockwell values. Thus, if both impressions are 2.55 mm (578 BHN), material tested with a Hultgren ball has a Vickers Hardness 640, while material tested with a carbide ball has 


a Vickers Hardness 615. 


© Values in ( ) are beyond normal range and are given for information only. 


Rockwell Scales—The black figures are used only for the dia- 


_ mond penetrator (Brale) with various loads. Scale A applies 


| when the major load is 60 kg, scale D when it is 100 kg, and 
scale C when the load is 150 kg. The red figures are used for 
| readings obtained with ball penetrators regardless of size or 
| magnitude of major load; scale B applies when the major load of 
- 100 kg is applied to the %¢-in. steel-ball penetrator. All data 
should be prefixed by a letter showing whether the values are 
on the A, B, C, or D scale. 

Testing Cast Iron—Materials such as cast iron with graphite 
particles and some nonferrous materials whose crystalline ag- 
gregates are comparatively large must be tested with a pene- 
trator of sufficient size to overcome local or grain hardness in 
order to secure mass hardness. 


Superficial Hardness Tester—The Rockwell Superficial Hard- 
ness tester utilizes the same principle as the regular Rockwell 
tester, but employs a light minor load of 3 kg and a light major 
load of 15, 30, or 45 kg in conjunction with a more sensitive 
depth-measuring system. It is recommended for use on thin strip 
or sheet material, nitrided or lightly carburized pieces, finished 
pieces on which large test marks would be undesirable, areas 
near edges, extremely small parts or sections, and shapes that 
would collapse under the comparatively heavy test loads of the 
regular Rockwell tester. When the 120-deg diamond-cone pene- 
trator is used, readings are designated by the letter N prefixed 
by the major load (that is, 15-N, 30-N, or 45-N). Similarly, the 
letter T prefixed by the major load is applied to readings taken 
with the 14,¢-in. steel ball. Special penetrators for very soft 


i) 
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TABLE 3—Brinell Hardness Numbers (10-Mm Ball Diameter) 

DIAM LOADS, KG DIAM LOADS, KG DIAM LOADS, KG 

OF OF OF 
INDEN- INDEN-= INDEN- 
TAMON:| 500 | 1000 | 1500 | 2000 | 2500 | 3000 cae een 1000 | 1500 | 2000 | 2500 | 3000 |) 74M») soo 1000 | 1500 | 2000 | 2500 | 3000 
2.00 |158 316 | 473 | 6382 | 788 945 |} 3.50 | 50.3 |101 151 201 252 | 302°1)°5:00 | 23.8 47.6 |- 71.5 } 95.2 1119 143 
2.05 |150 300 | 450 | 600 | 750 899 || 3.55 | 48.9 | 97.8 |147 196 244 | 293 | 5.05 | 23.3 | 46.6 | 70.0 | 93.2 |117 140 
2.10. |1438 286 | 428 | 572 | 714 856 || 3.60 | 47.5 | 95.0 |148 190 238 285 || 5.10 | 22.8 | 45.6 | 68.5 | 91.2 1114 137 
2.15 |136 272 | 409 | 544 | 681 817 || 3.65 | 46.1 | 92.2 |139 184 231 277 || 5.15 | 22.3 | 44.6°| 67.0 | 89.2 |112 134 
2.20 |130 260 | 390 | 520 | 650 780 || 3.70 | 44.9 | 89.8 |135 180 225 | 269 | 5.20 | 21.8 | 48.6 | 65.5 | 87.2 |109 131 
2.25 (124 248 | 373 | 496 | 621 745 || 3.75 | 48.6 | 87.2 |131 174 218 262 | 5.25 | 21.4 | 42.8 | 64.0 | 85.6 {107 128 
2.30. |119 238 | 356 | 476 | 593 712 || 3.80 | 42.4 | 84.8 |128 170 212 255 || 5.30 | 20.9 | 41.8 | 63.0 | 83.6 1105 126 
2.35 |114 228 | 341 | 456 | 568 682 || 3.85 | 41.3 | 82.6 |124 165 207 248 || 5.35 | 20.5 | 41.0 | 61.5 | 82.0 |103 123 
2.40 |109 218 | 327 | 4386 | 545 653 ||.3.90 | 40.2 | 80.4 |121 161. 201 241 || 5.40 | 20.1 | 40.2 | 60.5 | 80.4 |101 121 
2.45 |104 208 | 314 | 416 | 522 627 || 3.95 | 39.1 | 78.2 |118 156. | 196 235 || 5.45 | 19.7 | 39.4 | 59.0 | 78.8 | 98.5 | 118 
2.50 |100 200 | 301 | 400 | 500 601 |} 4.00 | 388.1 | 76.2 {115 152 191 229 | 5.50 | 19.3 | 38.6 | 58.0 | 77.2 | 96.5 | 116 
2.55 | 96.3 | 193 | 289 | 385 | 482 578 || 4.05 | 37.1 | 74.2 |112 148 186 223 || 5.55 | 18.9 | 37.8 | 57.0 | 75.6 | 95.0 | 114 
2.60. | 92.6 | 185 | 278 ) 370 | 462 555 || 4.10 | 36.2 | 72.4 |109 145 181 217 || :5.60°} 18:6 | 87.2:| 55:5 | 74.4 | 92.5 ait 
2.65 ) 89.0 | 178 | 267 | 356 | 445 534 | 4.15 | 35.3 | 70.6 |106 141 177 212 | 5.65 } 18.2- 36.4 54.5 | 72.8 | 90.8 | 109 
2.70 | 85.7 | 171 | 257 | 343 | 429 514 || 4.20 | 34.4 | 68.8 |104 138 172 207. ||:5.70.|-17.8 | 35.6 | 53.5 | 71.2 | 89.2 | 107 
2.75 | 82.6 | 165 | 248 | 330 | 413 495 | 4.25 | 33.6 | 67.2 |101 134 167 201 |:5.75 | 17.5 |'35.0 | 52.5 | 70.0 | 87,5 | 105 
2.80 | 79.6 | 159 | 239 | 318 | 398 | 477 || 4.30 | 32.8 | 65.6 | 98.5 | 131 164 197 | 5.80 | 17.2 |°34.4 | 51.5 | 68.8 | 85.8 |, 103 
2.85 | 76.8 | 154 | 231 | 307 | 384 | .461 | 4.35 | 32.0 | 64.0 | 96.0 | 128 160 192 | 5.85 | 16.8 | 33.6 | 50.5 | 67.2 | 84.2 | 101 
2.90 | 74.1 | 148 | 222 | 296 | 371 444.1 4.40 | 31.2 | 62.4 | 93.5 | 125 156 187 | 5.90 | 16.5 | 33.0 | 49.6 | 66.0:| 82.5 | 99.2 
2.95 | 71.5 | 143 | 215 | 286) 358 | 429} 4.45 | 30.5 | 61.0 | 91.5 | 122 153 183 || 5.95 | 16.2 | 32.4 | 48.7 | 64.8 | 81.2 | 97.3 
3.00 | 69.1 | 188 |, 208 | 276 | 346 415 |} 4.50 | 29.8 | 59.6 89.5 119 149 179 || 6.00 | 15.9 | 31.8 | 47.8 | 68.6] 79.5 95.5 
3.05 | 66.8 | 134 | 201.) 267: | 334 | 401 | 4.55 | 29.1 | 58.2 | 87.0) 116 145 174 | 6.05-] 15.6 | 31.2 | 46.9 | 62.4 | 78.0 | 93.7 
3.10 | 64.6 | 129 | 194 | 258 | 324 388 | 4.60 | 28.4 | 56.8 | 85.0 | 114° 142 170 || 6.10 | 15.3 | 30.6 | 46.0 | 61.2 | 76.7 | 92.0 
3.15 | 62.5 | 125 | 188 | 250 | 313 370) } 4.65 | 27.8 | 55.65) 8825 No1TL 139 167 |} 6.15.) 15.1 },.380.2 | 45.2 | 60.42)7523 90.3 
3.20 | 60.5 | 121 | 182 | 242 | 303 363 | 4.70 | 27.1 | 54.2 | 81.5 | 108 136 163 || 6.20 | 14.8 | 29.6 | 44.4 | 59.2 | 73.8 88.7 
3.25 | 58.6 | 117 | 176 | 234 | 293 352 | 4.75 | 26.5 | 58.0 | 79.5 | 106 133 159 | 6.25 |) 14.5 1729.0 | 43°6 | 58:0.) 72.60) asin 
3.30 | 56.8] 114 | 171: | 227 | 284 341 | 4.80 | 25.9 | 51.8 | 78.0 | 104 130 156 || 6.30 | 14.2 | 28.4 | 42.8 | 56.8 | 71.3 | 85.5 
3.35 | 55.1 | 110 | 166 220, 276 331 | 4.85 | 25.4 | 50.8 | 76.0 | 102 127 152 | 6.35 | 14.0 | 28.0 | 42:0 | 56.0 | 70.0 | 84.0 
3.40 | 53.4 | 107 | 161 | 214 | 267 321 |-4.90 | 24.8 | 49.6 | 74.5 99.2) 124 149 | 6.40 | 13.7 | 27.4 | 41.3 | 54.8 | 68.8 82.5 
3.45 | 51.8 |.104 | 156 | 207 | 259 311 | 4.95 | 24.3 | 48.6 | 73.0 97.2) 122 146 | 6.45 | 13.5 | 27.0 |-40.5 | 54.0 | 67.5 81.0 


metals or nonmetallic materials include ¥-in., 14-in., and %-in. 
steel balls, designated by the letters X, Y, and Z, respectively. 
In using the Rockwell Superficial Hardness tester, the general 
methods prescribed for the regular Rockwell tester should be 
observed. 

For further information on standard methods of Rockwell 
hardness testing of metallic materials, refer to ASTM E 18. 

Shore Hardness—The Shore hardness number is the reading 
obtained on an arbitrary scale ranging from 0 to 120 by the 


rebound of a small diamond-pointed hammer dropped from a 
fixed height. Two types of instrument are in common use, one 
in which the rebound is read directly on a vertical scale and the 
other on which the reading is registered by the instrument on a 
recording dial. Readings are affected by variations in mass, form, 
surface, composition, and physical condition of different speci- 
mens being tested. 


(Continued on next page.) 
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TABLE 4—A pproximate Equivalent Hardness Numbers* for Rockwell C Hardness Numbers, for Steel 
ROCKWELL, SUPERFICIA: ‘ARDNESS 
BRINELL HARDNESS NUMBER | pockwerz, HARDNESS NUMBER |” NUMBER, SUPERFICIAL BRALE 
ROCKWELL ES SUNY ; ENTE toe SHORE pENSIEe ROCKWELL 
C-SCALE PURSEID SCLEROSCOPE | STRENGTH C-ScALE 
HARDNESS ee A-scale, | B-sclae, | D-scale HARDNESS Sopa HARDNESS 
Et VICKERS Standard | Hultgren Danysten: 60-kg load, 1 ae IONS 15-N scale,|30-N scale,|45-N scale,| NUMBER 1000 Pst NUMBER? 
ball ball coal. brale | “$s aoe brale _|19-kg load |30-kg load |45-kg load 
[SSO ball penetrator 
Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 Col. 7 Col. 8 Col. 9 Col. 10 Col. 11 Col. 12 Col. 13 Col. 14 
68 940 — — 85.6 76.9 93.2 84.4 75.4 97 68 
67 900 = = — 85.0 — 76.1 92.9 83.6 74.2 95 —= 67 
66 865 aS — 84.5 — 75.4 92.5 82.8 73.3 92 66 
65 832 co = 739 83.9 — 74.5 92.2 81.9 72.0 91 a 65 
64 800 —= = 722 83.4 — 73.8 91.8 81.1 71.0 88 — 64 
63 772 — — 705 82.8 — 73.0 91.4 80.1 69.9 87 = 63 
62 746 = a 688 82.3 — 72.2 91.1 79.3 68.8 85 — 62 
61 720 _ = 670 81.8 — 71.5 90.7 78.4 67.7 83 = 61 
60 697 — 613 654 81.2 = 70.7 90.2 77.5 66.6 81 — 60 
59 674 — 599 634 80.7 — 69.9 89.8 76.6 65.5 80 326 59 
58 653 = 587 615 80.1 — 69.2 89.3 75.7 64.3 78 315 58 
57 633 = 675 595 79.6 — 68.5 88.9 74.8 63.2 76 305 57 
56 613 — 561 577 79.0 _ 67.7 88.3 73.9 62.0 75 295 56 
«65 595 — 546 560 78.5 — 66.9 87.9 73.0 60.9 74 287 65 
64 577 — 534 543 78.0 — 66.1 87.4 72.0 59.8 72 278 54 
53 560 = 519 525 77.4 — 65.4 86.9 71.2 58.6 71 269 53 
52 644 500 508 512 76.8 — 64.6 86.4 70.2 57.4 69 262 52 
61 528 487 494 496 76.3 — 63.8 85.9 69.4 56.1 68 253 51 
50 613 475 481 481 75.9 — 63.1 85.5 68.5 55.0 67 245 50 
49 498 464 469 469 75.2 — 62.1 85.0 67.6 53.8 66 239 49 
48 484 461 455 455 74.7 — 61.4 84.5 66.7 52.5 64 232 48 
47 471 442 443 443 74.1 — 60.8 83.9 65.8 61.4 63 225 47 
46 458 432 432 432 73.6 — 60.0 83.5 64.8 50.3 62 219 46 
45 446 421 421 421 73.1 — 59.2 83.0 64.0 49.0 60 212 45 
44 434 409 409 409 72.5 — 58.5 82.5 63.1 47.8 58 206 44 
43 423 400 400 400 72.0 — 57.7 82. 62.2 46.7 il 201 43 
42 412 390 390 390 71.5 — 56.9 81.5 61.3 45.5 56 196 42 
41 402 381 381 381 70.9 — 66.2 80.9 60.4 44.3 55 191 41 
40 392 371 371 371 70.4 — 55.4 80.4 59.5 43.1 54 186 40 
39 382 362 362 362 69.9 — 54.6 79.9 58.6 41.9 52 181 39 
38 372 353 353 353 69.4 — 53.8 79.4 57.7 40.8 ai 176 38 
37 363 344 344 344 68.9 — 53.1 78.8 56.8 39.6 50 172 37 
36 354 336 336 336 68.4 (109.0); 52.3 78.3 55.9 38.4 49 168 36 
35 345 327 327 327 67.9 (108.5)} 51.5 77.7 55.0 37.2 48 163 35 
34 336 319 319 319 67.4 (108.0)} 50.8 77.2 64.2 36.1 47 159 34 
33 327 311 311 311 66.8 (107.5)| 50.0 76.6 53.3 34.9 46 154 33 
32 318 301 301 301 66.3 (107.0)} 49.2 76.1 52.1 33.7 44 150 32 
31 310 294 294 294 65.8 | (106.0)} 48.4 75.6 61.3 32.6 43 146 31 
30 302 286 286 286 65.3 (105.5)} 47.7 75.0 50.4 31.3 42 142 30 
29 294 279 279 279 64.7 (104.5)} 47.0 74.5 49.5 30.1 41 138 29 
28 286 271 271 271 64.3 (104.0)| 46.1 73.9 48.6 28.9 4] 134 28 
27 279 264 264 264 63.8 (103.0)| 45.2 73.3 47.7 27.8 40 131 27 
26 272 258 258 258 63.3 (102.5)} 44.6 72.8 46.8 26.7 38 127 26 
25 266 253 253 253 62.8 (101.5)} 43.8 72.2 45.9 25.5 38 124 25 
24 260 247 247 247 62.4 (101.0)} 43.1 71.6 45.0 24.3 37 121 24 
23 254 243 243 243 62.0 100.0 | 42.1 71.0 44.0 23.1 36 118 23 
22 248 237 237 237 61.5 99.0 | 41.6 70.5 43.2 22.0 35 115 22 
21 243 231 231 231 61.0 98.5 | 40.9 69.9 42.3 20.7 35 113 21 
20 238 226 226 226 60.5 97.8 | 40.1 69.4 41.5 19.6 34 110 20 
(18) 230 219 219 219 — 96.7 33 106 (18) 
(16) 222 212 212 212 — 95.5 32 102 (16) 
(14) 213 203 203 203 = 93.9 31 98 (14) 
(12) 204 194 194 194 — 92.3 = = = — 29 94 (12) 
(10) 196 187 187 187 — 90.7 28 90 (10) 
(8) 188 179 179 179 — 89.5 27 87 (8) 
(6) 180 171 171 171 — 87.1 26 84 (6) 
(4) 173 165 165 165 — 85.5 25 80 (4) 
(2) 166 158 158 158 — 83.5 == — — — 24 77 (2) 
(0) 160 152 152 152 — 81.7 = = — = 24 75 (0) 


* The values in this table shown in bold-face type correspond to the values shown in the corresponding joint SAE-ASM-ASTM Committee on Hardness Conversions as printed 
in ASTM E 48-43 T, Table 2. 
> Values in ( ) are beyond normal range and are given for information only. 
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Grain-Size Charts 
for Classification of Steels 


SAE General Information 


Report of Iron and Steel Division approved June 1934 and last revised January 1940. 


[This SAE General Information report is based on the ASTM 
Standard Classification of Austenite Grain Size in Steels, ASTM 
Designation E 19 — 39 T. It is published here with permission of 
the ASTM, for the convenience of SAE Handbook users.] 


Scope—This classification for austenite grain size comprises 
two sets of charts, one of them in idealized form intended to be 
used with any procedure for determining austenite grain size 
(Plate Series I), the other consisting of a series of photomicro- 
graphs showing the structures found in the carburized case in a 
carburizing (McQuaid-Ehn) test (Plate Series II). These two 
charts cover the same range of sizes, with identical size designa- 
tions (Nos. 1 to 8), the use of the one or the other being a matter 
of individual preference. The manner of making the grain size 
test may of course be decisive as to which chart will be used. 

Establishing Austenite Grain Size—As may be agreed upon 
between the manufacturer and the purchaser, austenite grain 
size! ? shall in this classification be established either by 

1. Carburizing at 1700 F (925 C) for 8 hr (the McQuaid-Ehn 
test), which is recommended for carburizing grades, and often 
employed for other grades as well, or 

2. Heating at a temperature not over 50 F (28 C) above the 


normal heat-treating temperature and for not over 50% more 


1 Numerous methods are in use for establishing austenite grain size, and a knowl- 
edge of grain-coarsening behavior is helpful in deciding which method to use. The 
size of austenite grains, in any particular steel, depends primarily on the temperature 
to which that steel is heated and the time it is held at the temperature. It should 
be remembered that the atmosphere in heating may affect the grain growth behavior 
at the outside of the piece. 

2 Austenite grain size is influenced by most previous treatments to which steel 
may have been subjected, as, for example, quenching, normalizing, hot working, and 
cold working. It is therefore advisable, when testing for austenite grain size, to con- 
sider the effects of prior or subsequent treatments on the precise piece (or typical 
piece) which is under consideration. 

3 Details of the five methods for ascertaining austenite grain size are briefly: 

1. In the hypereutectoid zone of a MeQuaid-Ehn test, or in hypereutectoid steels 
cooled from the austenitic condition, the austenite grainsize is outlined by the cemen- 
tite which precipitated in the grain boundaries. It is therefore possible to read the 
grain size by etching the micrographic specimen with a suitable etchant, such as nital 
or picral, or alkaline sodium picrate. 

2. Ferrite precipitates in the austenite grain boundaries, thus indicating the 
austenite grain size in the hypoeutectoid zone in a McQuaid-Ehn test (see Plate Series 
II). Ferrite similarly outlines the former austenite grains in a medium-carbon steel 
(say 0.50% carbon), when it has been cooled slowly from the austenite range. In low- 
carbon steels (say 0.20% carbon), cooled slowly from the austenite range to room 
temperature, the amount of ferrite is so large that the former austenite grain size is 
masked; in this case, the steel may be cooled slowly to an intermediate temperature, 
to allow only a small amount of ferrite to precipitate, followed by quenching in water; 
an example would bea piece previously heated to 1675F, transferred to a furnace at 
perhaps 1350 to 1450 F, held at this temperature for perhaps 3 to 5 min, and then 
quenched in water; the austenite grain size would be revealed by small ferrite grains 
outlining “low-carbon martensite” grains. 3 

3. Two methods applicable particularly to eutectoid steels, which cannot be 
judged so readily by some other methods, are (a) to harden a bar of such size that it is 
fully hardened at the outside but not quite fully hardened in the interior, or (b) to 
employ a “gradient quench”’ in which the heated piece is for a portion of its length 
immersed in water and therefore fully hardened, the remainder of the piece projecting 
above the quenching bath, being therefore not hardened. With either method, there 
will be a small zone which is almost but not quite fully hardened. In this zone, the 
former austenite grains will consist of martensite grains surrounded by small amounts 
of fine pearlite (‘nodular troostite’’), thus revealing the grain size. These methods 
a also applicable to steels somewhat higher and lower than the eutectoid composi- 

ion, 

4. The former austenite grain size may be revealed in steels fully hardened to 
martensite by using an etching reagent which develops contrast between the marten- 
site grains. A reagent which has been recommended is 1 g of picric acid, 5 ml of HCl 
(specific gravity 1.19), and 95 ml of ethyl aleohol. Tempering for 15 min at 450 F prior 
to etching distinctly improves the contrast. 

5. The oxidation method depends on the fact that when steels are heated in an oxi- 
dizing atmosphere, oxidation takes place in part preferentially along the grain boun- 
daries. A common procedure therefore is to polish the test specimen to a metallographic 
polish, heat it in air at the desired temperature for the desired length of time, and then 
repolish the specimen lightly so as merely to remove scale; whereupon the austenite 
grain boundaries are visible as outlined by oxide. 

_ 4 Larger sizes Nos. 00 and 0 may be read by using a magnification of 50 diameters 
(Gnstead of 100) and using grain sizes Nos. 1 and 2 on the chart, respectively. Smaller 
grain sizes Nos.9 and 10 may be read by using a magnification of 200 diameters (instead 
of 100) and using grain sizes Nos. 7 and 8 on the chart, respectively. 


than the normal heat-treating time, thenormal values being those 
mutually agreed upon. 

The rate of cooling depends on thé method of treatment, as 
will be evident from the methods described in the next paragraphs. 

Revealing the Grain Size—For revealing austenite grain size 
the following methods® are generally used: 

1. Outlining the grains with cementite, as in carburizing 
(McQuaid-Ehn test) or as in high-carbon steels. 

2. Outlining the grains with ferrite, as in the hypoeutectoid 
zone in carburizing, or in medium-carbon steels generally, or by 
an interrupted cooling or gradient quench on low-carbon steels. 

3. Fine-pearlite outlining of martensite grains, as in eutectoid 
steels at a not quite fully hardened zone. 

4. Appropriate etching of fully hardened martensite. 

5. An oxidation method. 

Measuring the Grain Size—The measurement of grain size 
shall be carried out by comparing the microscopic image at 100- 
diameters magnification with the standard grain-size chart in 
Plate Series I or II.* Absolute grain-sizes may be calculated-from 
Table 1, which shows the sizes as they appear in the chart and 
also the actual grain sizes. 


TABLE 1—Grain-Size Relationships, Actual and as Observed at 
100-Diameters Magnification 


NUMBER OF GRAINS PER |CALCULATED DIAMETER OF] CALCULATED MEAN 
SQUARE INCH AS VIEWED} EQUIVALENT SPHERICAL AVERAGE OF CROSS- 
GERI Ies AT 100 DIAMETERS GRAIN (NOT MAGNIFIED) | SECTION OF GRAIN 
RUBEE EE (NOT MAGNIFIED), 
Mean Range In. Mm SERS 
1 1 34 to 1% | 0.0113 0.287 0.000 1 
2 2 | 114 to 3 0.00800 | 0.203 0.000 05 
3 4 3 to 6 0.00567 | 0.144 0.000 025 
4 8 6 to 12 | 0.00400 | 0.101 0.000 012 5 
5 16 12 to 24 | 0.00283 | 0.0718 | 0.000 006 25 
6 32 | 24 to 48 | 0.00200 | 0.0507 | 0.000 003 13 
7 64 | 48 to 96 | 0.00142 | 0.0359 | 0.000 001 56 
8 128 | 96 to 192 | 0.00100 | 0.0254 | 0.000 000 78 


® With the present state of the art of steel making, the dividing line between coarse 
and fine is found at about No. 5 grain size. 


Report—In reporting grain size, the test conditions should be 
stated, including the temperature and time used in establishing 
the austenite grain size, and the method of revealing the grain 
size. 

Fracture Method—There are sets of fracture standards in 
which the grain size is judged from the appearance of the fracture. 
It has been found that the arbitrarily numbered fracture grain 
sizes agree very well with the arbitrarily numbered grain sizes 
presented in Plate Series I. This coincidence makes the fracture 
grain sizes interchangeable with the austenite grain sizes de- 
termined microscopically (except that “duplexing” or mixed 
grain size is not readily discernible in fractures). The sizes ob- 
served microscopically shall be considered the primary standard, 
since they can be determined with measuring instruments. 


(Plate Series I begins on next page.) 
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Plate Series I—Grain Sizes Nos. 1, 2, 3, and 4——_—______________ 


For Classification of SAE and Allied Structural Steels 


ae es 


GRAIN-SIZE CHARTS REPRODUCED BY 


PERMISSION OF ASTM 


(Plate Series I continued on next page.) 
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Plate Series I—Grain Sizes Nos. 5, 6, 7, and 
For Classification of SAE and Allied Structural Steels 


5 
ae 
cA 
wes 
rs} 

e3 

2 


PSEA Ay 
POLL TS 


Nay, 
>) 
ay 

aK 
a. 
Y) 

38 

ae 

Se 

8 
oa 

on 

5 
ne 
x} 

eas 
rc 
ae 


c ) 
2; 
s 
cs 
0X 
®: 
on 
ota 
8 
ay 
& 
ner 
sore 
EST 


a 
I 8. 
ee? KJ 
om 
$5 
a. 


B 
cA 
at 
ss 
ee 
a9) 
ae 
s 
Be 
: 
rx) 


[ae 
Serae: 
orm 
a2, 
O88. 
ho 


Ss 

re 
ae 
TY 
Be 


C) 
xy 4 
Y 


Se 
C0) cy 
BIS RY TEC PCY Ts > 
EPEAT RA 
APY 4 (4 
[A CeMag, s Q 
Bee ees ae Grain Size No. 3 lela 


= er peal LS TOD (ae on 
y Af DAY Ke Y 
? A Y Sy TN 
o> GON Tie © cane wen Z = A, ‘ 4 RSS 
{ cog Sé TOCA EGS wa VA SITY 413 f VE Seo TL. 
> Ea 8 Viana OR Gas Uae ana LS Sp One Oe, 
Sy rial Pa SS) pds LL, Oa one LAY 
ETN SS OTE EAP 
» Vinh 


J 4 tL AY ee es Draw m: r q 
oe oe .) eee ares Gane Bo wane ee 8 OBE 
7 rx 8 XK EY. Orage = ‘ SL SO ante-k Ryo 

) ? { Pp Shee eset 


@eOKe. 
te Ssteue 
ee een 


a 
Boat, y 
o Waetans 5 
62 
CEs 


GRAIN-SIZE CHARTS REPRODUCED BY 
PERMISSION OF ASTM (Plate Series II begins on next page.) 
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Plate Series II—Grain Sizes Nos. 1 and 2 


Samples were carburized at 1700 F (929 C) for 8 hr and magnified 100 times. Left-hand and right-hand photomicrographs for each 
grain size refer to hypereutectoid and hypoeutectoid zones, respectively, of the case 


| Grain Size No. 1—Ur tro 1% Gratns PER Sq IN. 


Grain Size No 2—144 To 3 Grains PER Sq In. 


GRAIN-SIZE CHARTS REPRODUCED BY zs 
PERMISSION OF ASTM 


— (Plate Series IT continued on next page.) - ——$=— —— 
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Plate Series II—Grain Sizes Nos. 3 and 4 


Samples were carburized at 1700 F (929 C) for 8 hr and magnified 100 times. Left-hand and right-hand photomicrographs for each 
grain size refer to hypereutectoid and hypoeutectoid zones, respectively, of the case 


Grain Size No. 3—3 To 6 Grains PER Sq IN. 


Grain S1zE No. 4—6 To 12 Gratns PER Sq IN. 


GRAIN-SIZE CHARTS REPRODUCED BY 
PERMISSION OF ASTM 


(Plate Series II continued on next page.) 
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Plate’ Series I1I—Grain Sizes Nos: 5 and 6—$—$$_$ $_____. 


| Samples were carburized at 1700 F (929 C) for 8 hr and magnified 100 times. Left-hand and right-hand photomicrographs for each 
grain size refer to hypereutectoid and hypoeutectoid zones, respectively, of the case 


Grain Size No. 5—12 ro 24 Grains per Sq In. 


Grain Size No. 6—24 To 48 Grains PER Sq IN. 


GRAIN-SIZE CHARTS REPRODUCED BY . 
PERMISSION OF ASTM 


— (Platte Series IT continued on next page.) 
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Plate Series II—Grain Sizes Nos. 7 and 8 


Samples were carburized at 1700 F (929 C) for 8 hr and magnified 100 times. Left-hand and right-hand photomicrographs for each 
grain size refer to hypereutectoid and hypoeutectoid zones, respectively, of the case 


Grain Size No. 7—48 To 96 Grains PER Sq IN. 


Grain S1zE No. 8—96 anp Morr GRAINS PER SQ IN. 


GRAIN-SIZE CHARTS REPRODUCED BY 
PERMISSION OF ASTM 


7 Magnetic-Particle Testing 


: 


_ of Steels 

iy 

| Report of Iron and Steel Division approved January 1941 and last revised January 1942. 
[The accompanying rating system is a simple code whereby the 

number, length, and distribution of the magnetic-particle lines may 

_ be expressed on the basis of a square foot of surface examined re- 

_ gardless of the size of the sample. In general, it is suggested that for 

| convenience in handling and counting, the sample should be not 

less than 5 in. long. 

Hl. The rating system is not intended as a direct index of quality, but 

| rather as a shorthand description of the indications observed on the 

surface of the sample. 

Hi At its meeting on September 18, 1944, the Executive Committee 

of the Iron and Steel Division authorized changing magnaflux to 

i} “magnetic particles” throughout this specification.] 


Serauiemalcioe 


_| | Sampling—Experience has shown that sampling of steel for 
_ magnetic-particle rating is primarily a matter of agreement 
between producer and consumer. Therefore the following ‘‘sam- 
pling” recommendations are to be used only as a guide in estab- 


| 
| lishing individual sampling and testing procedures. 
| 
i 


; 
; 
| 


1. Samples for magnetic-particle.examination and rating of 
' steel should be 6 to 12 in. long, depending upon the size of the 
_ material to be tested. 

| 2. Magnetic-particle samples should be made from repre- 
4 sentative specimens from the bottom of the first ingot and the 


_ top of the last ingot of each heat of steel. If either of these tests 
yields questionable results, the heat is subject to further in- 

| spection. ; 

_ 3. Magnetic-particle samples may be rolled or forged,? and 

|) should be heat-treated, rough machined, and suitably finished. 

__ 4. The magnetic-particle tests should be performed according 

_ to the method given in thisSAE Recommended Practice or by 

other suitable methods. 

5. Macro-etch cross-sections should be made from mill sections 
|| representative of each heat of steel. 

6. Complete chemical analyses should be made on two random 
samples from each heat. This may be done on the magnetic par- 
ticle samples or on any of the marco-etch sections. 

Code Factors : 

1. The total number of lines per square foot. 

2. The aggregate length of all the lines per square foot. 

3. The length (inches) of the longest single line. 

4. A letter, A, B, C, or D, indicating the uniformity of dis- 
| tribution. 

_ The length of the longest line is given to the nearest 0.1 in. and 
the aggregate length to the nearest inch. 

The letter A indicates uniform distribution, B a slight tendency 
toward grouping, C an arrangement of discernible groups, and D 
well-defined or concentrated groups or clusters. 

To distinguish indications of exceptionally heavy nature, the 


1 Longer samples are used for the smaller sizes of material, and shorter samples are 
used for the larger sizes. j 

2 Tf samples are forged, the forging should be by elongation and reducing the cross- 
section evenly and gradually, similarly to rolling, and not by ‘‘steps”’ or ‘‘bites.”” When 
agreed, samples may be made from bloom size stock, reduced to bar, billet, or finished 
size. 
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SAE Recommended Practice 


letter H may be added to the figure giving the length of the longest 
line, Item 3. In case the average lines, rather than only the longest 
line, might be heavy, the letter H might be added to-the aggre- 
gate length of all the lines, Item 2. 

Indications of “pepper-and-salt”’ nature, less than 0.1 in. in 
length, are not to be counted as lines but are regarded as back- 
ground, and unless in large numbers, will be disregarded. When 
in large numbers, their presence will be mentioned after the four 
rating items, by appropriate descriptive words. 

Where indications of less than 0.1-in. length occur in “ranks,” 
or strung out end-to-end, they will be counted as lines whenever 
the spaces or interruptions between them are less than 0.1 in. 
across. When the spaces or interruptions are more than 0.1 in. 
across, these short indications will be disregarded. 

Example—The accompanying facsimile, Fig. 1, reduced from a 
6 x 6-in. drawing of the magnetic-particle lines as they appear 
on a sample of steel bar, serves to explain the use of the suggested 
system of rating. 


Fig. 1—FacsimMiLe or MAGNETIC-PARTICLE LINES ON A STEEL BAR 
(Reduced from 6 x 6 in.) 


The number of lines found on the sample is 42. This, multiplied 
by the ratio 1/0.25 = 168 for the total number of lines per square 
foot. 

The total length of all the lines on the surface of the sample is 
5 in. The sample had an area of 0.25 sq ft. The aggregate length 
of all the lines per square foot then would be 5 x 1/0.25 = 20. 

The longest line appearing on the surface is approximately 0.7 
in. in length, so the third number of the code group would be 0.7. 
If this line were heavy, the third number of the code group would 
have H affixed, thus: 0.7H. 

By examination, the lines are found to be arranged in distinct 
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groups. The symbol C should, therefore, be used to describe the 
distribution of the lines on the sample. 

Thus, the code number to express the appearance of the lines 
observed on this sample would be: 


168-20-0.7H-C 


Discussion—By this code, a brief, concise expression carries a 
considerable amount of information: 

1. There were magnetic-particle indications occurring at the 
rate of 168 per sq ft of area. 

2. The aggregate length of all the lines per square foot of 
area was 20 in. 

3. The longest line was approximately 0.7 in. long and was a 
heavy line. 

4. On the specimen, these were arranged in distinct groups. 

Analysis of count and length shows further that the average 
length is 20/168 = 0.119 in. At least one line (0.7) is much 
longer than the average. If its length is deducted from the total, 
then the average length of the remaining 167 lines is 0.115 in. 
In either case, the average length may be said to be 1¢ in. on the 
particular sample represented here for example. 

General Recommendations 

1. It is recommended that the standard of acceptance or re- 
jection of material be a matter of agreement between the pro- 
ducer and the user. 

2. It is recommended that the method of magnetic-particle 
testing employed be representative of the wet continuous method. 

38. It is further recommended that: 

(a) Not less than 700 and not more than 1200 amp of direct 
current per inch of sample diameter be used, and that in no case 
should the amount of current used be enough to indicate flow 
lines if such are present. 

(b) Not more than three “shots” be used. 

(c) The relay timing should be 14 to ¥ sec per “shot.” 

(d) The whole operation of testing, including the three 
“shots” and the spraying or pouring of the vehicle bearing 
the magnetic substance over the test piece, consume from 3 to 
5 sec. 

(e) When using the flowing-on method of applying the 
vehicle containing the magnetic substance, care should be taken 
not to continue the application after cessation of current flow. 
Care should also be taken not to wash off indications by directing 
too strong a flow of vehicle against the part being tested; nor to 
permit building up of an indication by allowing the magnetic 
substance to concentrate on horizontal surfaces due to too light 
flow and puddling of the vehicle. When using the regular hand 
nozzle, the pump and nozzle should be so adjusted as to cause the 
vehicle to be ejected to a height of from 114 to 2 in. above the 


3 Iron oxide powder or powdered iron oxide. 
_ ‘No.7 Black Paste—This material shall consist of a fine magnetic oxide dispersed 
in an oily medium which, when mixed with a light oil to make up an inspection bath, 
shall maintain a satisfactory suspension and must not tend to agglomerate rapidly 
in suspension. A dispersing agent should be incorporated to prevent agglomeration 
and to disperse the particles in suspension. The magnetic oxide employed shall consist 
of at least 85% magnetic oxide of iron. The material in paste form shall contain at least 
75% of solid oxide of iron. It shall not cake badly in the container in storage. 
No. 9 Red Paste—This is the same as No. 7, Black except it is the gamma form of 
ferric oxide, FexOs and is bright red in cclor. 
5 Recommended suspensoid: 
Baume, 46 API deg 
Viscosity, 41 SU sec 
Flash Point, (Tagliabue Open Cup), 165 F 
Distillation, Initial Point, 390 F 
Distillation, End Point, 490 F 
eer Color (Saybolt Chromometer), 25 
This distillate is somewhat heavier than kerosene, but in the absence of an oil of 
this character, kerosene is a fairly satisfactory substitute. A small amount of heavier 
oil may be allowed to prevent sore hands. 
: — isa trend in the aircraft industry to use a lighter suspensoid such as Stoddard 
solvent. 


nozzle when it is held vertically. When flowing the vehicle over 
the work, the nozzle should be so directed as to provide a smooth 
flow over the test surfaces, while not permitting the stream to 
impinge directly against test surfaces. 

(f) Uniform suspension of the magnetic substance in the 
vehicle be maintained. 

(g) The concentration of the magnetic substance® or paste* 
in the vehicle’ be maintained between the limits of 1 to 134% 
maximum. This is equivalent to 1 oz, approximately, of magnetic 
paste per gallon of vehicle, and may be conveniently measured 
with a 100-cc centrifuge tube filled from the nozzle of the hose of 
the magnetic-particle machine, demagnetized, and read directly, 
after settling 30 min. 

4, It is recommended that the sample or specimen to be tested 
and examined be as representative as is practicable of the 
finished part, and it is considered particularly important that: 

(a) The diameter be that, or approximately that, of the 
finished part, unless otherwise agreed between producer and user. 

(b) The sample or specimen be heat-treated or otherwise 
prepared to simulate the properties and condition of the finished 
part. 

(c) The specimen or sample have a turned, ground, or 
otherwise prepared finish at least equivalent to 20 microin. 
(rms). 

(d) In all cases the sample or specimen should have a ma- 
chining operation sufficient to remove all surface defects resulting 
from forging, rolling, heat-treating, and so forth. 

Method of Recording Magnetic-Particle Indications by the 
Imbibition Paper Process—The magnetic-particle coupon has a 
recording length of 6 in. An extension is optional for a tong hold 
for convenience in handling. 

The coupon is machined to approximately the required size 
and is then ground and polished, ready for magnetic-particle 
testing. 

The coupon is stamped (Fig. 2) at any point along the cir- 
cumference to indicate the zero position of the test so that further 
comparisons may be made with accuracy. Then the coupon is 
magnetic-particle tested by the wet method, rinsed in carbon 
tetrachloride, and allowed to dry thoroughly. 


errs Length6™ 


COUPON 
Fig. 2 Macneric-ParticLe Test SPECIMEN 


After magnetic-particle testing, the specimen is washed and 
dried, and is then ready for inspection. To plot the indications 
directly by rolling the specimen on the paper, the material called 
‘Gmbibition paper” is used. For making the permanent print, the 
paper is cut to conform to the surface of the specimen to be 
plotted. It is then soaked in tepid water to soften, the excess 
water rolled out, and the paper laid on a flat metal surface, 
gelatin side up. 

The final operation is made by rolling the test specimen over 
the gelatin surface (Fig. 3), being careful to place the zero marking 
as near the beginning of the roll as possible, and to place the 


i 
| 
4 


| 


| 
\) 


| factory. When the paste has thoroughly disintegrated, 


_ specimen as near the right-hand edge as possible, always rolling 
| at right angles to the width of the paper. This will leave margins 
| for notes. 


Zero Marks 


PAPER RECORD 


Fie. 3—Metrsop or Roiiine SPECIMEN ON PAPER 


: | Note the zero marking on the circumference. In further operations, 
'| this index must be preserved for comparative purposes. Paper 


| 
| 


must be absolutely free of surface moisture. Note position of zero 
relative to paper when rolling 


The specimen is rolled 360 deg so that the entire circumference 


| comes in contact with the paper, and any magnetic-particle indi- 
| 


cations are transferred directly. The paper is dried and then fixed 
with Bristol’s smoke-chart solution. This leaves a permanent 


| picture of all magnetic-particle indications and represents the 
' actual surface condition of the material. 


The charts are then indexed and, after inspection, filed for 
future reference. 
Method of Recording Magnetic-Particle Indications by the 


| Transfer Process—This method affords a semi-permanent record, 
' due to the tendency of the cellulose tape to discolor in time. 
. Specifications for the materials for the transfer process follow. 


Powder Suspension—Black magnetic-particle paste No. 7 offers 


|a convenient source of magnetic powder and is prepared as 
| follows: 


Break up by stirring or by allowing to stand for some time 


| approximately 1 oz of the commercial paste in about 200 cc of 


|, oil-free carbon tetrachloride, CCl,. Technical-grade CCl, is satis- 
stir 
well, allow to settle momentarily, and decant the liquid which 


i) still contains the greater portion of the powder. Reject the residue 
| which contains the coarser particles and grease lumps. Allow the 
| accepted suspension to settle out completely, and then decant 


or separate the clear CCl,. Reject this, as it contains the grease in 


| which the magnetic powder is ground. Wash the grease-free 
_ powder residue in about 100 cc of fresh CCli, allow to settle, and 
| again decant. The residue remaining from these operations is 
|. then suspended in fresh CCl, to form the suspension. This amount 


of treated powder should give a satisfactory suspension in about 
500 ec of CCly, but it is impossible to specify exactly the required 


| solid relation. Depending on the type of defect or flaw to be 


treated, more or less concentrated suspensions are necessary, and 


| it is impossible to maintain a fixed concentration of powder in 


such a volatile liquid. One ounce of magnetic-particle paste so 


| treated in 500 ce of CCli, gives a suspension suitable for most 


6 U.S. Navy Aeronautical Standard M-361, Type TS. 
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routine work, but it may be necessary at times to dilute the 
suspension, or allow it to concentrate by standing. In general, it 
is best to use a weak suspension to prevent the powder from piling 
up on the defects. 

Cleaning Suspenstons—For ordinary work, oil-free CCl, alone 
is suitable for a working suspension. The thin layer of magnetic 
powder which remains on the surface of the specimen, even after 
washing, is sufficient to prevent the adhesive from sticking to the 
metal. But on highly polished surfaces, and particularly when 
working at room temperatures above 80 F’, additional dusting of 
the metal is required. In these rare cases, use a cleaning sus- 
pension of oil-free CCl, in which is suspended chalk or zinc 
stearate. A very small amount of solid, about 1 gr per 1000 cc 
will suffice to prevent the adhesive from clinging to the metal, 
and still not blur the pattern. 

Transfer Medium—Scotch cellulose tape or cellulose mending 
tape,® is used as a transfer medium in this process. The material 
may be purchased in various lengths and widths, in convenient 
rolls. The width required depends on the size of the area to be 
recorded. The material should show no bubbles or grain points 
and a minimum of the longitudinal lines left from the gumming 
machine. Some rolls of tape show a tendency to tear diagonally 
when sharply pulled. Such material should be avoided, or else 
carefully used to prevent an inconvenient spoilage of the transfer. 

Backing Material—The pulled transfer may be placed on 
paper, nonadhesive cellophane, or on glass. The last two ma- 
terials are used only when further reproductions of the transfer 
are to be made by printing, or when the records are to be used as 
lantern slides. For ordinary records, the transfers should be 
mounted on paper. Ordinary white typewriter paper is satis- 
factory, but should show no surface grain, water marks, or 
translucent spots. M660 weight or equivalent is convenient, since 
inked lines (as in a drawing) can be distinguished through a 
transfer backed by paper of this weight. Precision-ruled graph 
paper is sometimes useful as a backing material. 

Other Equipment—Other articles, though not essential, will be 
found useful. These are a small pair of curved-blade scissors for 
shaping the cellophane tape, or a razor blade for cutting it to 
conform to surface breaks; broad-end tweezers for handling the 
tape; and a wooden stick or lead pencil for introducing the tape 
into interior surfaces. 

Procedure for the Transfer Process—The part under examina- 
tion must be free of oil or grease. 

Transfers may be taken of indication patterns prepared by 
any magnetizing process. While the general method given here 
applies specifically to pattern due to the residual magnetism of 
the test specimen, it may easily be adapted to other methods. 

Magnetize the piece under examination in a field so directed 
as to produce the pattern of the flaw to be recorded. Dip the 
specimen in the powder suspension or flow the suspension over the 
piece to develop the pattern. 

If the process is used in conjunction with routine magnetic- 
particle inspection, the specimen should be well cleaned with 
cold CCl, after the defective areas are located and marked for 
identification. Allow the pattern to develop fully, but take care 
that excessive piling up of the powder on the indications does 
not occur. When the pattern is complete, remove the specimen 
and immediately pass through the washing solution. If the 
surface film of magnetic particle “soup” is allowed to dry before 
washing, a dark background to the print results. Remove the piece 
from the cleaning suspension and allow it to dry, holding it in 
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such a position that quick, even drainage is had over the area 
to be recorded. When the surface is dry, blow lightly over the 
pattern to evaporate the last traces of liquid in the pattern lines. 
Do not blow across the wet surface to hasten evaporation, as this 
will cause a streaked background. Puddles or drops of cleaning 
solution, which may remain in the depressions or along metal 
edges, may be picked up by a piece of blotting paper. Care must 
be taken not to touch the area to be recorded, since every mark 
or disturbance of the surface coating will be faithfully picked up 
by the transfer tape. 

When the pattern is dry, fix the specimen in a convenient 
position for working, cut a piece of transfer material large enough 
to cover the indication area, allowing enough in excess that the 
unavoidable finger or tweezer marks may be clipped off after the 
transfer is finished. It is well to extend the transfer tape so as to 
include the nearest break in the surface, which break will be 
recorded on the transfer to serve as an identification line, locating 
the indication with respect to the piece as a whole. If no such 
edge or break is conveniently near the indication, a line of 
identification may be drawn on the piece with ink or a soft lead 
pencil. These lines will be recorded by the transfer. Bring the 
transfer tape into firm contact with the surface of the specimen, 
adhesive side down, at some point outside of the indication area. 
When firm contact is made and there is no danger of the tape 
slipping, bring the rest of the transfer into contact with the 
metal surface, rolling it down with finger or thumb so that no 
air spaces are caused beneath it. When the transfer is in place, 
rub it down firmly but not too heavily, so that contact with the 
surface iscomplete and uniform. Rub out any air spaces and press 
firmly on the pattern lines. Then, when complete contact be- 
tween the transfer and metal is had, remove the transfer tape by 
stripping it off from one end. Place it immediately on the backing 
material, rolling it down as before to prevent wrinkles and air 
spaces. Rub down well and cut to size, clipping off the stained 
ends of the transfer. 

If the background of the record is too dark, reform the pattern 
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in Steels 


without first rubbing off the surface of the specimen, and take a 
second transfer. This generally will reduce the background film 
of powder. 

By manipulation, prints may be made of indications appear. 
ing on two or more planes, as for instance between the roots o! 
the teeth and down the sides of a gear. It is more convenient 
and makes a more easily understood record, to make separate 
transfers from each plane and show-these in their relation one 
to the other. To make prints of interior surfaces requires som« 
practice, but prints can be made from such surfaces that are a: 
clear and complete in detail as those taken from outside plane 
surfaces. 

Quick Transfer Process—For use in shop-control work o: 
where the superior appearance of the regular transfer process i: 
not necessary, a quicker process may be used. 

To make transfer records by the quick process, the magnetic 
particle inspection operation is performed by the regular produe 
tion method to develop the indications which are to be recorded 

The surface is then dried by means of warm air from a hab 
drier. Care should be taken not to blow the indication out o 
shape by placing the hair drier too close to the area being dried 
The hair drier dries off an indication area on an aircraft engin¢ 
crankshaft in 2 or 3 min, after which the area is left to cool fo! 
3 to 4 min before making a transfer. If the surface is too warm 
the adhesive on the transfer tape blurs the indication. 

In order to dry the surface with the utmost speed, carbor 
tetrachloride may be carefully flowed over it, to wash off thi 
magnetic-particle suspensoid. The CCl, dries rapidly after th¢ 
suspensoid is carried off. By careful manipulation, this can bi 
done without disturbing the indications. The expense for CCl 
is high, but utmost speed is gained thereby. 

The tape is applied and the transfer made the same as in the 
regular transfer process. 

Dirty magnetic particle “soup” causes poor records by the 
quick process. The manner of flowing the ‘‘soup” over the par’ 
while magnetic-particle testing also affects the appearance, a: 
does the position and manner of drying the surface. 
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Report of Iron and Steel Division approved January 1941 and last revised October 1946. This SAE Recommended Practice conforms to ASTM 


E 45 - 42 T. 


This method for rating inclusions is intended to cover alloy- 
steel and carbon-steel bars, billets, and slabs up to 10 in. wide 
by 5 in. thick, and special sections with the exception of sulfur- 
bearing types and all other free-machining steels. However, from 
the nature of this method, it could include all steel products. 

Selection of Samples—The selection and preparation of sam- 
ples is not specifically covered, but suggested as follows: 

Where possible, the surface to be examined is 44 x 1 in., or 
Vg sq in. area. 


When the cross-section of the sample to be classified is suffi 
ciently large to permit (such as a 5 x 5-in. billet), the micro speci 
men is cut so that the face to be polished is in a center plane o 
the sample and is divided into two equal parts by a midway 
plane. A further requirement is that the 144-in. dimension be 
parallel to the longitudinal] axis of the sample, that is, the direc 
tion of rolling. 

When the sample to be classified is not of sufficient cross-see- 
tion to permit the above method, for example a 2-in.-diamete! 


j 


round bar, the specimen is cut so that again the 14-in. dimension 
jy. 28 in the direction of rolling and the 1-in. dimension is a radius 
of a cross-section of the bar. 

It is often desirable to facilitate polishing by hardening the 
specimen, quenching from above the Acs; range into the proper 
medium. : 

Polishing may be done by any desired technique. One gen- 
erally followed is: 

Step 1—Grind. 

Step 2—Rough polish, going successively from No. 0, to No. 

' 00, and No. 000 emery paper. 

Step 3—Fine polish, employing some medium such as jeweler’s 
rouge or levigated alumina. 

Step 4—Wash in hot water and follow by rinsing in alcohol. 

In the last polishing operation (Step 3), the direction of polish 
should be at right angles to the direction of rolling, since polish- 
ing scratches in the direction of rolling tend to confuse the ap- 
pearance of the specimen. 

The properly polished specimen is placed on the stage of a 
microscope and each individual field of the entire polished area 

' | is projected successively on a ground-glass screen at 100 diam- 
| eters. The ground glass is ruled with a series of parallel lines 
» | which are 144 in. apart. The distance between any two parallel 
lines, namely 4 in. (equivalent to 0.005 in. on the specimen) is 
called a unit, in terms of which the lengths of inclusions are 
| measured. 

Classification—From the observations on the ground glass, 
the following three classifications are made in the sequence 
given: 

1. Longest Inclusion—Represented by a number which corre- 
| sponds to the number of units which the inclusion covers on the 
screen. 

Fractional units are not used; the nearest: whole unit is re- 
corded. The width of the longest inclusion may be indicated by 
, | a suffix. This is illustrated by Fig. 1 and the following example: 
| Assume that the longest inclusion in each of two specimens is 


| 4 DISCONNECTED- 44 4 GROUP—43 


| Fie. 1—Desianation or Lencrx anp Weicur or INcLUSIONS 
“(4 Units) 


METHODS OF TESTING STEELS 131 


6 units in length. The difference in thickness may be denoted as 
67, 64; other characteristics are designated by 6%, 6°¢, and 69 
where 7 means thin (1 mm or less in width). 

#4 means heavy (3 mm or over in width). 

4 means disconnected. (See Fig. 1.) 

vd means very disconnected. (See Fig. 1.) 

7 means group. (See Fig. 1.) 

A discontinuity of not less than 1 unit along the length of an 
inclusion being rated arbitrarily divides the inclusion into two 
inclusions, the largest of which, if it is the longest in the speci- 
men, is rated as above, the smaller is included in the average in- 
clusion as follows: 

2. Average Incluston—The average length of all inclusions one 
unit and over in length, excluding the longest inclusion. 

This is also designated by a number equivalent to the number 
of units covered by the average length inclusion with a suffix in- 
dicating the number of inclusions rated in arriving at the average. 

For example, and to continue the illustration above, the speci- 
men rated as 67 may have in addition two inclusions of 4 units 
length, one of 3 units length, and one of 1 unit length; its aver- 
age rating would then be (2 x 4 + 3 4+ 1), or 12 + 4, or 3, and 
the full rating thus far would be 67 — 3%. 

3. Background—A rating designated by a letter and including 
all inclusions less than 1 unit in length. 

For example, the longest and the average length of inclusions 
in four specimens may be 6 and 1° respectively, but the back- 
ground may be different. The ratings for these four specimens 
may be 6 —1*— A; 6 -1°—B; 6-13 —C; 6-13 — D; 
where the letters A, B, C, and D refer to the classification of 
background as depicted in Figs. 2, 3, 4, and 5. 

Backgrounds—There is little difference of opinion between 
several observers as to the length of the longest and the average 
inclusions. There may be some difference of opinion regarding 
the background. Accordingly, it is necessary that designations 
of background quality be on a common basis, for which purpose 
the accompanying standard pictures are provided. If more exact- 
ing classification of background is desired, it can be made by 
using plus or minus signs after the background letter. 

General Form of Rating—It is apparent then that the general 
form of rating will be, say 7 — 2° — B: meaning that the largest 
inclusion in the specimen is of 7 units length, that all other in- 
clusions are three in number with an average length of 2 units, 
and that the background of the specimen may be represented 
by Background Classification B (Fig. 3). It should be apparent 
also that the least rating the method will allow will be 
0-0O-A. 

(Figs. 2-5 begin on next page.) 
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Fig. 2—BackGROUND 

CLASSIFICATION A 

(MaGNIFICATION IS 
100) 


Fic. 3—BackGROUNI 

CuassiricaTion FE 

(MaGNIFICATION If 
100X) 


(Continued on next page.) 
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Fig. 4—Backgrounp 


CLASSIFICATION C 
(MAGNIFICATION Is 
100x) 


Fig. 5—BackGRoUND 

CLASSIFICATION D 

(MAGNIFICATION IS 
100X) 
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Methods of Measuring 
Case Depth 


SAE Recommended Practice 


Report of Iron and Steel Technical Committee approved January 1950. 


Methods Applicable to Carburizing Grades 
of Steel 


Definitions for Carburized Cases—Hffective case depth is the 
distance (measured perpendicularly) from the surface of a hard- 
ened case to a point of hardness equivalent to Rockwell C 50. 
Total case depth is the distance (measured perpendicularly) from 
the surface of the case down through carbon enrichment. 

Microscopic Method for Carbon and Alloy Steels in the 
Hardened Condition 

1. Fracture or cut specimen at right angles to the surface. 

2. Give full microscopic polish to specimen. 

3. Etch in 3 to 5% nital (by volume at room temperature). 

4, For approximate effective-case-depth measurement, read 
to 50% martensite at 100 diameters (100). 

Microscopic Method for Plain Carbon Steels in the Annealed! 
Condition 

1. Fracture or cut specimen at right angles to the surface. 

2. Specimen may be protected by coating of copper, other 
protective coating, or any suitable means of preventing loss of 
carbon. 

3. Pack in charcoal in small thin-wall container. 

4. Place container in furnace operating at 1650-1700 F. 

5. Leave in furnace long enough for specimen to reach uni- 
form furnace temperature. 

6. Remove container from furnace and cool in some retarding 
medium such as mica, lime, or other non-carbonaceous insulat- 
ing material at a rate which will reduce temperature to 800 F in 
21 to 3 hr. Cool as desired from 800 F. 

7. Prepare specimen for microscope. 

8. Etch in 3% nital (by volume at room temperature). Ex- 
amine at 100 diameters. 

9. For approximate effective-case-depth measurement, read 
down to 50% pearlite-ferrite combination point. 

10. For total-case-depth measurement, read the depth of 
carbon enrichment. 

Microscopic Method for Alloy Steels in the Annealed’? Con- 
dition 

1. Fracture or cut specimen at right angles to the surface. 

2. Specimen may be protected by coating of copper, other 
protective coating, or any suitable means of preventing loss of 
carbon. 

3. Pack in charcoal in small thin-wall container. 

4. Place container in furnace operating at 75-150 F above the 
upper critical temperature (Acs) for the core. (Generally, an 
annealing temperature of 1600-1675 F should be satisfactory.) 

5. Leave in furnace long enough for specimen to reach uni- 
form furnace temperature. 

6. Remove container from furnace and transform isothermally 


1 Care should be taken in annealing, since the line of demarcation may be altered 
by diffusion. 

2 This method becomes less effective as the alloy content increases. 

* For further information, see Transactions of American Society for Metals, Vol. 
33, 1944, pp. 261-275: “Martensite Reactions in Alloy Steels” by P. Payson andC. H. 
Savage; and Vol. 37, 1946, pp. 27-47: “The Application of Ms Points to Case Depth 
Measurement” by E. 8S. Rowland and S. R. Lyle. 

4 In all cases, the surface hardness of the hardened test bar is taken to serve as a 
guide on the type of case being produced. In other words, if the case is too rich or the 
surface carbon is depleted, then hardness will be several Rockwell C points below the 
hardness taken at a depth below the surface. 


or cool at a sufficiently slow rate to insure maximum ferrite 
separation to 0.50% carbon level. If martensite is retained it 
the structure and it is desired to increase the contrast of th 
case, the specimen may be tempered at 1000-1100 F and coolec 
as desired. : 

7. Prepare specimen for microscope. 

8. Etch in 3 to 5% nital (by volume at room temperature) 
Examine at 100 diameters. 

9. For approximate effective-case-depth measurement, reac 
down to 50% pearlite-ferrite combination point. 

10. For total-case-depth measurement, read the depth o: 
carbon enrichment. 

Ms (Martensite-Start) Method for Alloy Steels in the An 
nealed Condition—This is an alternate method of measuring 
case depth by martensite formation.* 

Brinell Glass Method—This method is recommended for rou 
tine production control or for laboratory use when properly 
correlated with more precise methods for both plain carbon ©: 
alloy steels in the hardened condition. 

1. Prepare specimen by fracturing or cutting at right angle: 
to the surface. 

2. Follow either of the following methods: 

(a) Rough grind specimen and etch for 10 sec in a solutiox 
containing 50 ce of concentrated nitric acid, 5g of ammoniun 
persulfate, and 50 ce of water. Then swab, rinse, and dry speci 
men prior to re-etching in 10% nital. Examine with a Brinel 
microscope. Read all of the blue (darkened zone) for total case 

(b) Grind or polish on No. 000 or finer metallographic emer} 
paper or both. Etch specimen in fresh 5% solution of nitric acic 
in ethyl alcohol at 70-80 F for approximately 1 min, agitating 
continuously. Then rinse in two clean ethyl alcohol rinses. Foi 
total-case-depth measurement, read all of the darkened zone. Fo: 
approximate effective-case-depth measurement, read from the ex 
ternal surface of the specimen to the center of the inner dark 
band produced by etching. 

Fracture Method—This is recommended chiefly as a produc. 
tion-control method of measuring case depth of carburizing 
grades of steel. 

1. Notch the specimen and fracture. 

2. Etch in 3 to 5% nital or heat tint (blue) the fractured sur. 
face at 600 F. 

3. Read with a Brinell glass to a depth previously correlated 
with more precise methods. 

Step-Grind Method4—This is recommended as a production: 
control method of measuring effective case depth of carburizing 
grades of steel. 

1. Use a specimen of steel 14 x 5¢ x 2 in. long of a known core 
hardness of Rockwell C 30-35 after oil quenching. 

2. Load test bars at regular intervals with parts to be car- 
burized and hardened. 

3. Place hardened test bar in a suitable vise on a surface 
grinder and grind two flats of required depth for case desired. A 
grinding wheel 14 in. wide by 7 in. in diameter of grade 58A-80- 
H-14-V-55 is recommended. Use surface grinds of 0.0005 in. 
depth per travel of the work table. 

4. Check Rockwell C hardness of the ground flats. The first 
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TABLE 1—Empirical Guide for Depth of Grinds on Test Bars for 
Required Effective Case 


) 
} 


AMOUNT GROUND OFF 
REQUIRED EFFECTIVE = — 


CASS ENs First grind, Second grind, 
C 57 minimun,, in. C 50 maximum, in. 
0.015 + 0.005 0.000 0.015 
0.020 + 0.005 0.005 0.020 
0.025 + 0.005 0.010 0.025 
0.030 + 0.005 0.015 0.030 
0.040 + 0.005 0.025 0.040 
0.060 + 0.005 ~ 0.045 0.060 


ground flat should check Rockwell C 57-58 minimum while the 


second ground flat should check Rockwell C 50 maximum. 


5. Follow Table 1 for depth of grinds on test bars for required 


| effective case. 


66 


5 “Dry cyaniding, gas cyaniding,” and “‘carbonitriding”’ refer to the hydro- 
carbon ammonia-gas processes. 

The process produces a case quite similar to that produced by cyaniding. The outer 
white layer may not be as pronounced and there may be considerable austenitic struc- 
ture. These cases are read as described for cyanided steels. : 


Methods Applicable to Cyanided’ Grades of Steel 


Microscopic Method 

1. Fracture or cut specimen at right angles to the surface. 

2. Give full microscopic polish to specimen. 

3. Etch in 3 to 5% nital (by volume at room temperature). 

4. The usual cyanide case contains a light etching layer fol- 
lowed by a total martensitic constituent, which in turn is fol- 
lowed by martensite with increasing networks of other constit- 
uents, depending on the type of steel which has been cyanided. 
The total case is easily read when steels of low carbon content 
have been used and when the quenching temperature has been 
such that considerable ferrite is left in the region immediately 
below the case. These cases may be read to the bottom of the solid 
constituents and to the end of the fingers which extend into the core 
material. When the material cyanided is such that total mar- 
tensite occurs immediately below the case, greater difficulty is 
encountered. At times, a fairly sharp line of demarcation can be 
noticed. When such is not present, the use of hardness tests such 
as described under the heading ‘‘Methods Applicable to Nitrided 
Grades of Steel’”’ is recommended. 


(Continued on next page.) 


Hardness Traverse Method 


This method is considered the most accurate for effective-case- 
depth measurement. 

1. Cut specimen perpendicular to carburized surface from 
part to be examined. 

2. Grind and polish specimen. Surface finish of the area to be 


| ‘traversed should be polished finely enough so as not to affect 


the hardness impressions—that is, the lighter the indentor load, 
the finer the polish necessary. : 

3. For effective-case-depth measurement, read to a point of 
hardness equivalent to Rockwell C 50. A plot of hardness versus 


_ depth from the surface will facilitate this reading. Figs. 1-4 illus- 


trate the recommended procedures. 
Taper-Grind Procedure—This procedure, illustrated by Fig. 1, 


_ is recommended for measurement of light and medium cases. 


A shallow taper is ground through the case, and hardness 
measurements are made along the surface thus prepared. The 
angle is chosen such that readings spaced equal distances apart 
will represent the hardness at the desired increments below the 


_ surface of the case. 


Unless special anvils are used, a parallel section should be 


prepared so that readings are taken at right angles to the sur- 


ittdia Md 


face. Care should be exercised in grinding to prevent tempering. 

Step-Grind Procedure—This procedure, illustrated by Fig. 2, 
is recommended for measurement of medium and heavy cases. 

It is essentially the same as the taper-grind section method 
with the exception that hardness readings are made on steps 
which are known distances below the surface. 

Cross-Section Procedures—The procedure illustrated by Fig. 3 
is recommended for the measurement of light, medium, and 
heavy cases. The alternate procedure, illustrated by Fig. 4, is 
recommended for heavy cases. 

The hardness traverse should be started far enough below the 
surface to ensure proper support from the metal between the 
center of the impression and the surface. Subsequent impressions 
are spaced far enough apart so as not to distort one another. 
The distance from the surface of the case to the center of the 
impression is measured on a microscope. 

Hardness Testers—Those which use light indentor loads (for 
example, ‘Tukon, Eberbach, and Vickers) are recommended for 
all of the above procedures. Testers using heavier loads (for 
example, Rockwell Superficial, Rockwell A, or Rockwell C) may 
be used for medium and heavy case measurements. 


MME 
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Methods Applicable to Nitrided Grades of Steel 


Hardness Traverse Method—This method, described in the 
accompanying box, is recommended as the most accurate for 
the measurement of this type of case. 

Microscopic Method 

1. Fracture or cut specimen at right angles to the surface. 

2. Give full microscopic polish to specimen. 

3. Etch with the following reagent: 

10 parts of 4% picral 
1 part of 4% nital 

This reagent delineates the high-nitrogen layers on the surface 
and the iron nitride network constituent within the case. 

4. It is more difficult to read nitride case depth microscopically 
than it is to read carbide case depth, since the gradual diminu- 
tion of nitride network constituent makes it almost impossible 
to determine exactly where the case ends. 

Fracture Method—The depth of nitride case can be deter- 
mined by examining the surface of a fracture through the case. 
However, this method is very rough and is recommended only 
for those instances where the crudest type of measurement is 
desired. 


Methods Applicable to Flame-Hardened and In- 
duction-Hardened Areas of Steel 


Microscopic Method 

1. Cut specimen at right angles to the surface. 

2. Give full microscopic polish to specimen. 

3. Etch in 5% nitric acid in denatured alcohol for 4 min. 
Agitate while etching. ; 


_ For large sections, careful surface grinding with frequent dressing of the wheel 
is satisfactory. 


4. Measure depth of fully martensitic structure. This is con- 
sidered the fully hardened case depth. Continue microscopic ex- 
ploration until the base-metal structure is reached. The distance 
between the full martensitic area and the base metal is referred 
to as the “transition zone.” 

Macroscopic Method 

1. Cut sample at right angles to the surface. 

2. Grind sample to a finish equivalent to No. 000 metallo- 
graphic emery paper. 

3. Etch in Solution No. 1 composed of 5% concentrated nitric 
acid in denatured alcohol for 4 min. Agitate while etching. 
Transfer to Solution No. 2 composed of 10% concentrated hy- 
drochlorie acid in denatured alcohol for 8 min. Agitate while 
etching. Transfer to Solution No. 3 composed of 15% ammo- 
nium hydroxide in denatured alcohol for 4 min. Agitate while in 
solution. 

4. Rinse and dry for observation. 

5. Measure: depth with a Brinell glass down to the line of 
demarcation between hardened surface and core. 

Macroscopic Method for Use When Saw Cutting is Nec- 
essary : 

1. Temper part at approximately 950 F. 

2. Saw section to be examined. 

3. Grind to a finish equivalent to No. 0 metallographic emery 
paper.® 

4. Etch in ammonium persulfate. 

5. Rinse in water; swab to remove any smudge. 

6. Rinse in hot water and dry. 

7. Measure depth with a Brinell glass down to the line of 
demarcation between hardened surface and core. 

Hardness Traverse Method—A transverse hardness traverse 
check such as recommended for deep carburized cases may be 
used. 
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Physical Requirements for Bolts, 
Capscrews, Studs, and Nuts 


SAE Recommended Practice 


Scope—These specifications cover the physical requirements 
for bolts, capscrews, studs, and nuts used in the automotive and 
allied industries. Wherever the term “bolt” is used, it is under- 
stood to include capscrews and similar externally threaded 
fasteners. 

General Data—To cover adequately the requirements for 
bolts, seven grades are included: 

Grade 1—commercial bolts. 

Grade 2—low-carbon bolts. 

Grade 3—medium-carbon, cold-worked, hexagon-head bolts 
~and studs. 

Grade 4—medium-carbon, cold-worked studs (studs only). 
Grade 5—medium-carbon, quenched-and-tempered bolts. 
Grade 6—medium-carbon, quenched-and-tempered, high- 
strength bolts. 

Grade 7—medium-carbon alloy, quenched-and-tempered bolts. 
For Grade 1 commercial bolts and all nuts, open-hearth, elec- 
tric-furnace, or Bessemer steel may be used. For all other grades, 
‘open-hearth or electric-furnace steel shall be used. Grades 3 and 


_ 4 are listed to include studs, but studs may be specified under 


any of the grades. 

Grades and Requirements—The various grades and their re- 
quirements are shown in Table 1. The following additional re- 
quirements apply: 

Wedge Test for Bolts and Capscrews—Products such as bolts 
and capscrews shall be subjected toa wedge test, the details of 
which are given under Methods of Testing. 

Stripping Test for Nuts—The nuts furnished for each grade 
shall meet the minimum requirements for tensile strength of 
bolt specified without failure in the stripping test. The stripping 
test is described under Methods of Testing. This test does not 
apply to nuts which are not expected to withstand the strength 
of the bolts, such as jam nuts, slotted nuts, and castle nuts. 
Methods of Testing—Tension Test—Tension tests shall be 
made on the finished bolt or stud. The load shall be applied be- 
tween the head and a nut or suitable fixture, either of which 
shall haye sufficient thread engagement to develop the full 
strength of the bolt. The nut or fixture shall be assembled on 
the bolt, leaving three complete bolt threads exposed and unen- 
gaged between the grips. The nut or fixture shall be assembled 
freely to the thread runout and then unscrewed three full turns. 
Tf failure occurs by thread stripping before reaching the mini- 
mum required tensile load, the individual test shall be discarded. 

Where the bolt or thread length is too short for a tension test, 
acceptance shall be determined by the hardness range specified 
‘in Table 1. 

The tensile-strength determination shall be based on the cross- 
sectional area of the bolt where the break occurs. When the break 
occurs in the threaded portion, the cross-sectional area shall be 
taken from Table 2. For sizes not included in Table 2, the area 
shall be calculated from the following formula: 


D 2 
A = 3.1416 (F+*) 


Report of Iron and Steel Technical Committee approved January 1949 and corrected October 1949. 


TABLE 1—Requirements for Grades of Bolts and Studs* 


MINIMUM 


TENSILE PROOF Beene 
BOLT AND STUD SIZES STRENGTH,| LOAD, PSI 
PSI Brinell Rockwell 


Grade 1—Commercial Bolts} 55,000} — 207 max| B95 max 


Grade 2—Low-Carbon Bolts 


Up to ¥ in., inclusive 68,000; — {241 max|B100 max 
Over 44 to % in., inclu-| 64,000) — |241 max/B100 max 


sive 


Grade 3—Medium-Carbon, 
Cold-Worked, Hexagon- 
Head Bolts and Studs 
Up to 4 in., inclusive 110,000} 85,000} 207-269/B95-B104 
Over 14 to % in., inclu- | 100,000} 80,000} 207-269|/B95-B104 
sive 


Grade 4—Medium-Carbon, 
Cold-Worked Studs 
Up to 4% in., inclusive 120,000} 95,000} 217-269|B96-B104 
Over 14 to % in., inclu- | 110,000} 88,000] 217-269|/B96-B104 
sive 


Grade 5—Medium-Carbon, 
Quenched - and - Tempered 
Bolts 
Up to 4 in., inclusive 125,000} 90,000} 255-321|C25-C34 
Over 14 to % in., inclu- | 120,000) 85,000} 255-321/C25-C34 
sive 
Over 34 to 1 in., inclusive} 110,000} 78,000} 223-285|C19-C30 
Over 1 to 1% in., in- | 105,000) 74,000) 223-285|/C19-C30 
clusive 
Grade 6—Medium-Carbon, 
Quenched-and-Tempered, 
High-Strength Bolts 
Up to 5 in., inclusive 
Over 5% to 34 in., inclu- 
sive 


140,000) 110,000} 285-331|C30-C36 
133,000) 105,000) 269-331|/C28-C36 


Grade 7—Medium-Carbon 
Alloy, Quenched-and-Tem- 
pered Bolts 
Up to \ in., inclusive 150,000} 120,000) 302-352|C32-C38 
Over ¥% to 1in., inclusive | 140,000) 110,000} 285-352)/C30-C38 
Over 1 to 114 in., inclusive} 125,000) 95,000) 255-321|C25-C34 


® Nuts must meet minimum tensile requirements of bolts. 


where A = mean equivalent area (stress area) 

P = mean pitch diameter 

R = mean root diameter 

Elastic Proof Load—In determining conformity to specifica- 

tions for proof load, the overall length of a straight sample bolt 
or stud shall be measured at the true centerline. The preferred 
method of measuring the length shall be between conical centers 
on the centerline of the part using mating centers on the meas- 
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TABLE 2—Stress Areas (Mean Equivalent Areas) and Threads 


per Inch 
COARSE THREAD FINE THREAD 
BOLT DIAMETER 
Stress area, Threads per Stress area, Threads per 

sq in. inch sq in. inch 
yy 0.0317 20 0.0362 28 
Ke 0.0522 18 0.0579 24 
36 0.0773 16 0.0876 24 
ee 0.1060 14 0.1185 20 
V4 0.1416 13 0.1597 20 
%e6 0.1816 12 0.2026 18 
54 0.2256 ll 0.2555 18 
34 0.3340 10 0.3724 16 
% 0.4612 9 0.5088 14 
1 0.6051 8 0.6624 12 
1K 0.7627 7 0.8549 12 
1% 0.9684 7 1.0721 12 
134 1.1538 6 1.3137 12 
1% 1.4041 6 1.5799 12 


uring anvils. Other recognized methods may be used such as 
ball-point anvils on prepared surfaces at the true centerline. 
The sample part shall be marked so that it can be placed in the 
measuring fixture in the same position for all measurements. 
The measuring instrument shall be capable of measurement to 
0.0001 in. The part shall then be loaded as in the tensile-strength 
test to load equal to the specified elastic-proof load, then re- 
moved from the testing machine and its overall length again 
determined. The length after loading shall not exceed that be- 
fore loading by more than 0.0005 in. 

Hardness Test—Hardness requirements will be waived pro- 
vided the other requirements of the specification are met. 

The hardness shall be measured on a transverse section through 
the threaded portion of the bolt at a point one quarter of the 
nominal diameter from the axis of the bolt. This section shall be 
taken one diameter from the end of the bolt. Either the Brinell 
or Rockwell method of hardness testing may be used. 

Wedge Test—The bolt shall be subjected to the proof load 
shown in Table 1. Then a 10-deg wedge shall be placed under 
the head of the bolt and the tensile test continued until failure. 
To meet the requirements of this test, there must be a tensile 
failure in the body or threads with no fracture of the head. The 
bolt shall meet the requirement for minimum tensile strength 
shown in Table 1 without failure. 


Stripping Test for Nuts—The sample nut shall be assembled 
on a hardened, threaded mandrel and the load specified in Table 
3 applied to the nut. Threads of the nut shall not strip at this 
load. If the threads of the mandrel are damaged during the test, 
the test shall be discarded. 

The mandrel shall be threaded to the American Standard 
Class 3 tolerance, except that the major diameter shall be the 
minimum major diameter with a plus tolerance of 0.002 in. 

If the unit tensile stress developed in the mandrel is required, 
the loads thus obtained shall be divided by the mean thread area 
as given in Table 2. 

Number of Tests—The requirements of these specifications are 
those met in continuous mass-production for stock during which 
the manufacturer has made such sample inspections as to insure 
normally that the material is controlled within the specified 
limits. 

Three bolts may be selected for tension test from each lot of 
bolts, and three nuts may be selected for stripping test from 
each lot of nuts. 

A lot of bolts or nuts or both shall consist of 25,000 or fraction 
thereof for diameters 44 to 3g in. inclusive, 15,000 or fraction 
thereof for diameters over 3 to % in. inclusive, 5000 or fraction 
thereof for diameters over 3 to 1 in. inclusive, and 2500 or frac- 
tion thereof for diameters over 1 in. 

Retest—Should any sample from the same lot fail to meet the 
requirements of a specified test, twice the number of samples 
shall be tested, in which case all of the additional samples shall 
meet the specifications. 

Identification—Bolt heads shall be marked to identify the 
manufacturer. The following bolt head markings are prescribed: 

Grades 1 and 2—No marking. 


Grade 3—2 radial dashes 180 deg apart. Oo 
Grade 4—No marking. 
Grade 5—3 radial dashes 120 deg. apart. 


Grade 6—4 radial dashes 90 deg apart. 


WD &) 


Grade 7—6 radial dashes 60 deg apart. 


(Continued on next page.) 


Studs 
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TABLE 3—Proof Loads and Minimum Tensile Strengths as Calculated from Stress Areas Given in Table 2 
COARSE THREAD FINE THREAD COARSE THREAD FINE THREAD 
BOLT AND BOLT AND 
GRADE STUD DIAM- Minimum Minimum GRADE STUD DIAM- Minimum Minimum 
ETER, IN Proof tensile Proof tensile ETER, IN Proof tensile Proof tensile 
load, lb | strength, | load, lb | strength, load, lb | strength, | load, lb | strength, 
lb Ib lb Ib 
Grade 1—Commer- yy — 1,740 — 1,990 | Grade 5—Medium- A 2,855 | 3,960 | 3,260 |) 4,525 
cial Bolts 546 = 2,870 — 3,185 || Carbon, Quenched- He 4,700 | 6,525 | 5,210) | %,235 
36 — 4,250 — 4,820 || and-Tempered 3¢ 6,955 | 9,660 7,885 | 10,950 
K6 = 5,830 = 6,515 || Bolts Ye 9,540 | 18,250 | 10,665 | 14,810 
a = 7,790 — 8,785 oa 12,745 | 17,700 | 14,375 | 19,960 
Ke = 9,990 — 11,145 %6 15,435 | 21,790 | 17,220 | 24,310 
56 — 12,410 — 14,050 5g 19,175 | 27,070 | 21,715 | 30,660 
34 —_ 18,370 = 20,480 34 28,390 | 40,080 | 31,655 | 44,690 
1% = 25,370 = 27,985 1% 35,975 | 50,730 | 39,685 | 55,970 
1 == 33, 280 = 36, 430 1 47,195 | 66,560 | 51,665 | 72,865 
1K — 41,950 — 47,020 1k 56,440 | 80,085 | 63,260 | 89,765 
1% = 53, 260 = 58 , 965 1% 71,660 {101,680 | 79,335 |112,570 
134 = 63, 460 == 72,255 134 85,380 |121,150 | 97,215 |137,940 
14% = 77, 230 = 86, 895 14 103,905 {147,430 {116,910 |165,890 
| Grade 2—Low-Car- Y — 2,155 — 2,460 || Grade 6—Medium- yy 3,485 | 4,440 | 3,980 5,070 
| bon Bolts 46 = 3,550 = 3,935 || Carbon, Quenched- Ho 5,740 | 7,310 | 6,370 | 8,105 
| 3¢ — 5,255 — 5,955 || and-Tempered, 34 8,500 | 10,820 | 9,635 | 12,265 
WG — 7,210 == 8,060 | High-Strength K6 11,660 | 14,840 | 13,035 | 16,590 
Bolts 
4% = 9,630 = 10, 860 Vg 15,575 | 19,825 | 17,565 | 22,360 
%e == 11,620 — 12,965 %e6 19,975 | 25,425 | 22,285 | 28,365 
56 = 14,440 = 16,350 % 24,815 | 31,585 | 28,105 | 35,770 
34 oe 21,380 = 23,835 4 35,070 | 44,420 | 39,100 | 49,530 
| Grade 3—Medium- M4 2,695 | 3,485 | 3,075 | 3,980 | Grade 7—Medium- VA 3,805 | 4,755 | 4,345 | 5,430 
Carbon, Cold- 46 4,485 | 5,740 | 4,920 |) 6,370 |) Carbon Alloy, 46 6,265 | 7,830} 6,950} 8,685 
Worked, Hexagon- 34 6,570 | 8,505 | 7,445 | 9,635 |) Quenched-and- 36 9,275 | 11,595 | 10,510 | 13,140 
Head Bolts and V6 9,010 | 11,660 | 10,070 | 13,085 || Tempered Bolts A6 12,720 | 15,900 | 14,220 | 17,775 
% 16,990 | 21,240 | 19,165 | 23,955 
yy 12,085 | 15,575 | 18,575 | 17,565 
Ke 14,530 | 18,160 | 16,210 | 20,260 %e 19,975 | 25,425 | 22,285 | 28,365 
56 18,050 | 22,560 | 20,440 | 25,550 5% 24,815 | 31,585 | 28,105 | 35,770 
— = $$ 34 36,740 | 46,760 | 40,965 | 52,135 
| Grade 4—Medium- y 3,010 | 3,805 | 3,940) 4,345 1% 50,7380 | 64,570 | 55,970 | 71,230 
| Carbon, Cold- 46 4,960 | 6,265 | 5,500 |) 6,950 1 66,560 | 84,715 | 72,865 | 92,735 
\ Worked Studs 34 7,345 | 9,275 | 8,320 | 10,510 
46 10,070 | 12,720 | 11,255 | 14,220 1g 72,455 | 95,335 | 81,215 |106, 860 
14 92,000 |121,050 |101,850 |134,010 
yy 13,450 | 16,990 | 15,170 | 19,165 134 109,610 |144,225 |124,800 |164,210 
Ke 15,980 | 19,975 | 17,8380 | 22,285 1% 133,390 |175,510 |150,090 |197,490 
56 19,850. | 24,815 | 22,485 | 28,105 
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Automotive Gray Iron Castings 


SAE Standard 


Report of Iron and Steel Division approved January 1935 and last revised by Iron and Steel Technical Committee January 1949. 


Scope—These specifications cover iron castings used in auto- 
motive and allied industries. 

Workmanship and Finish—Castings shall represent good 
foundry practice, shall be smooth and clean, and shall be free 
from injurious flaws and defects. In other respects, the castings 
shall conform to special requirements agreed to by the supplier 
and purchaser. 

Machinability—Castings shall machine satisfactorily. 

Physical Properties and Tests—Hardness Tests—Hardness 
shall be taken near the fracture on broken halves of arbi- 
tration bars. Test bars must receive the same thermal treatment 
as castings. By agreement between supplier and purchaser, hard- 
nesses may be specified at definite locations on castings. 

Transverse Tests—Transverse tests are to be made on arbi- 
tration bars (Fig. 1 and Table 1) cast separately according to 
ASTM A 48, which states that test bars shall be cast from the 
ladles of iron used to pour the castings. In the case of slightly 
elliptical bars, loading shall be on the minimum diameter, and 
the correction factor for size shall be obtained as follows: Square 
the depth of the bar measured at the point of application of the 
original load, multiply by the width, and divide the product 
by the cube of the diameter of the standard or nominal-size bar. 
In all cases, controlling dimensions shall be the diameter of the 
bar at the fracture. In case the size of the bar is not specified, 
the 1.2-in.-diameter bar shall be used. The values shown in 
Table 2 are for the 1.2-in.-diameter bar. 


2 


Fic. 1—TRaNSvVERSE-TEST SPECIMEN 


TABLE 1—Dimensions of Transverse-Test Specimens 


TRANSVERSE-TEST a, DIAMETER, b, LENGTH, DISTANCE BETWEEN 
SPECIMEN IN IN. SUPPORTS, IN. 
A 0.875 15 12 
B 1.20 21 18 
C 2.00 27 24 


TABLE 2—Physical Properties* of Automotive-Type Cast Iron 


SAE BRINELL MINIMUM MINIMUM MINIMUM 
No. HARDNESS TRANSVERSE DEFLECTION, TENSILE 
? NO. LOAD, LB IN. STRENGTH, PSI 


110 187 max 1800 0.15 20,000 


111 170-223 2200 0.20 30,000 
120 187-241 2400 0.24 35, 000 
121 202-255 2600 0.27 40,000 
122 217-269 2800 0.30 45, 000 


* Properties determined from arbitration test bar (1.2-in. diameter as-cast or stress 
relieved at 1050 F max). 


Tension Test—Tension-test specimens are to be machined 
from arbitration bars and tested in accordance with ASTM A 48 


which is substantially as follows: The tension-test specimens shal 
be machined from the transverse test bars to the dimension: 
shown in Fig. 2 and Table 3. By agreement between purchase’ 
and supplier, tension-test specimens may be taken from the cast 
ing at specified locations. Tension tests taken from castings maj 
not agree with tests taken from test bars even though coolin; 
rates are similar. Proximity to heavy or light sections may caus 
unsoundness. 


U.S.Standard 
Thread. 


Fic. 2—Trnsion-Tist SPECIMEN 


TABLE 38—Dimensions of Tension-Test Specimens 


mxsronsest |g | 5 |e | a || sy |e |] ge | lm 
A 34 | 5¢ |0.505 1.000.505 1.00 0.25'1.25.0.25/1.003.7 


| | | 


B. (is 154 (0.750 1.00(0.756 1.00.25 1.50, 0.25)1 0014.0 
Coie 1141.25 '2.00)1.25 |134 |S{— [244 546 |1% [686 


® Length of parallel. 


Suggested Usage 


SAE 110—miscellaneous soft iron castings (as-cast or annealed 
in which strength is not of primary consideration. Exhaust man: 
folds may be made of this grade of iron alloyed or unalloyed. 

SAE 111—small cylinder blocks, cylinder heads, aireoole 
cylinders, pistons, clutch plates, oil-pump bodies, transmissio: 
cases, gear boxes, clutch housings, and light-weight brake drum: 

SAE 113—brake drums and clutch plates for moderate servie 
requirements where high-carbon iron is desired and heat check 
ing is a problem. (See Table 4.) 

SAE 114—heavy-duty drums and clutch plates where bot! 
heat checking and strength are definite requirements. Since th 
same base iron is indicated for both SAE 113 and SAE 114, it i 
presumed that alloys will be used especially in the latter to mee 
the strength and structural requirements. (See Table 4.) . 

SAE 120—automobile cylinder blocks, cylinder heads, fly 
wheels, truck brake drums, cylinder sleeves, cylinder liners, ani 
pistons. 

SAE 121—truck and tractor cylinder blocks and heads, heavy: 
flywheels, tractor transmission cases, differential carrier castings 
heavy gear boxes. 

SAE 122—diesel-engine castings, liners, cylinders, and piston 
and heavy parts in general. 

Compositions—The analyses shown in Table 5 are not to b 


led} 


mule) | 
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TABLE 4—Chemical, Physical, and Structural Requirements of 
Automotive Gray Iron Castings for Brake Drums and Clutch 


Plates 

SAE 113 SAE 114 
Chemical Composition, % 
Carbon, total (mandatory) 3.40 min 3.40 min 
Silicon (as desired) 1.10-1.70 1.10-1.70 
Manganese (as desired) 0.60-0.90 0.60-0.90 
Sulfur (typical) 0.14 0.14 
Phosphorus (typical) 0.20 0.20 


Alloys As required As required 


Physical Properties 


Hardness, Bhn 179-229 207-269 

Min transverse load, lb 2200 2600 
~. Min deflection, in. 0.20 0.27 

Min tensile, psi 30,000 40,000 


Structural Properties 
Graphite 
Matrix 


Type A, Size 2-4.) Type A, Size 3-5. 
Lamellar pearlite| Fine lamellar 
with ferrite if | pearlite with ex- 
present not to ex-| cess constitutent, 
ceed 15% approx-| free cementite or 
imate. free ferrite, or 
both not to ex- 
ceed 5% approxi- 
mate. 


construed as required or sufficient. In some cases, it may be de- 
sirable to use alloying elements to obtain the specific service 
requirements demanded. The kind and amount of the alloying 
constituents used should be a matter of agreement between the 
supplier and the purchaser. 

When alloying elements are specified, Table 6 gives the prac- 
tical] range for commercial limits. By agreement between supplier 
and purchaser, closer or wider limits than shown in Table 6 are 
acceptable. 


TABLE 5—Typical Base Compositions* (Not to be Construed as 
Required or Sufficient) 


a ToTAL C, % Si, % Mn, % 8, % P, % 
3.40 2.80 

110 0.50-0.80 0.12 0.25 
3.70 2.30 
3e25 2.30 

111 0.60-0.90 0.12 0.20 
3.50 2.00 
3.20 2.20 

120 0.60-0.90 0.12 0.15 
3.40 1.90 
3.10 2.10 

121 0.60-0.90 0.12 0.12 
3.30 1.80 
3.00 2.10 

122 0.70-1.00 0.10 0.10 
3.20 1.80 


_ * These suggestions are offered in the hope that the producer will guard against 
either the low side or the high side for both carbon and silicon. If one is on the high 
side, the other should be low. 


TABLE 6—Residual and Alloy Ranges 


Ni Mo Cr Cu Vv 
Permissible Residuals, Base 
TOG rete amy ais cee. Seo coke 8 0-0. 20,0-0.08,0-0.10|0-0 ..20|0-0. 03 
Recommended Ranges for 
Specification from Mean 
Specified Alloy Content, % 
PIU SROT AINSI mentee 0.15 |0.075| 0.10 | 0.10 | 0.08 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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Automotive Malleable 
Tron Castings 


SAE Standard 


Report of Iron and Steel Division approved June 1911 and last revised by Iron and Steel Technical Committee January 1949 . This SAE Standard 


conforms to ASTM A 47 


Scope—These specifications cover malleable iron castings for 
general automotive, agricultural-implement, railroad, and gen- 
eral machinery purposes. 

Process—The castings shall be produced by either the air- 
furnace, open-hearth, or electric-furnace process. 

Castings shall be free from primary graphite. 

Physical Properties and Tests—Tensile Tests—The tensile-test 
specimens specified shall conform to the minimum tensile- 
property requirements shown in Table 1. 


TABLE 1—Minimum Physical-Property Requirements for 
Automotive Malleable Iron Castings 


PHYSICAL PROPERTIES 32510" r018 
Tensile streneth, psit. coo. oe aces oes oc 50,000 53, 000 
Vieldepoinit pee sas cacy nies «cece ae 32,500 35, 000 
ailongationnin 2 1N-; pecs oes ee 10.0 18.0 


The yield point, defined as that load under which the specimen 
has an elongation in 2 in. of 0.01 in., may be determined by the 
drop of the beam of the testing machine or by the divider method. 

Tenston-Test Specimens'\—Tension-test specimens shall be of 
the form and dimensions shown in Fig. 1. (Fig. 2 shows an 
alternate.) Specimens whose mean diameter at the smallest 
section is less than 19¢ in. will not be accepted for test. 


i: ys 
2 cau ae par — 


Fic. 1—Mauureasie Iron Tenston -Trest SpecimMEN 


OM Qe yn 
"ga *éa ig Deep = & 
Recess for Date Pad 


puny 
ees: 
es | BP Ls" Ls yt 
| Bae a ele ee 
7". 


Fie. 2—AurerRNATE UNMACHINED TENSION-TrEst SpecIMEN 

Modifications may be made in the dimensions indicated above 
for those details of the specimen outside of the gage length as 
required by testing procedure and equipment. 


> 
< 
Ss 


' 


A set of three tension-test specimens shal] be cast from each 
melt, without chills, using heavy risers of sufficient height to 
secure sound bars. The specimens shall be suitably marked for 
identification with the melt. Each set of specimens so cast shall 
be placed in some one oven containing castings to be annealed. 

Number of Tests—After annealing, three tension-test speci- 
mens shall be selected by the inspector as representing the 


1Tension-test specimens are not machined. 


castings in the oven from which these specimens are taken. 

If the first specimen conforms to the specified requirements, 
or if, in the event of failure of the first specimen, the second and 
third specimens conform to the requirements, the castings in that 
oven shall be accepted, except that any casting may be rejected 
if its test lug shows that it has not been properly annealed. If 
either the second or third specimen fails to conform to the re- 
quirements, the entire contents of that oven shall be rejected. 
In case one of the retest specimens contains a flaw that results 
in the failure of the specimen to meet the specifications, at the 
discretion of the inspector additional test specimens from the 
same oven may be tested or test specimens may be cut from 
castings. 

Reannealing—Any castings rejected for insufficient annealing 
may be reannealed once. The reannealed castings shall be in- 
spected and if the remaining test lugs, or castings broken as 


' specimens, show the castings to be thoroughly annealed, they 


shall be accepted; if not, they shall be finally rejected. 

Special Tests—All castings, if of sufficient size, shall have cast 
thereon test lugs of a size proportional to the thickness of the 
casting, but not exceeding 9g by 34 in. in cross-section. On 
castings which are 24 in. or over in length, a test lug shall be east 
near each end. These test lugs shall be attached to the casting 
at such a point that they will not interfere with the assembling of 
the castings, and may be broken off by the inspector. 

If the purchaser or his representative so desires, a casting may 
be tested to destruction. Such a casting shall show good, tough 
malleable iron. 

Workmanship—The castings shall conform substantially to 
the patterns or drawings furnished by the purchaser, and also to 
gages which may be specified in individual cases. The castings 
shall be made in a workmanlike manner. A variation of # in 
per ft will be permitted. 

Finish—The castings shall be free from injurious defects. 

Marking—The manufacturer’s identification mark and the 
pattern numbers assigned by the purchaser shall be cast on all 
castings of sufficient size, in such positions that they will not 
interfere with the service of the castings. 

Inspection—The inspector representing the purchaser shall 
have entry at all times while work on the contract of the pur- 
chaser is being performed to all parts of the manufacturer’s 
works which concern the manufacture of the castings ordered. 
The manufacturer shall afford the inspector all reasonable 
facilities to satisfy him that the castings are being furnished in 
accordance with these specifications. All tests and inspection shall 
be made at the place of manufacture prior to shipment, unless 
otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 

The manufacturer shall be required to keep a record of each 
melt from which castings are produced, showing tensile strength 
and elongation of test specimens cast from such melts. These 
records shall be available and shown to the inspector whenever 
required. 

Rejection—Castings which show injurious defects subsequent 
to their acceptance at the manufacturer’s works may be re- 
jected and, if rejected, shall be replaced by the manufacturer. 
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| | _Pearlitic Malleable Iron Castings 


SAE Standard 


Report of Iron and Steel coe Committee approved February 1948 and last revised January 1951. This SAE Standard conforms substan- 


tially to ASTM A 220-48 


Scope—These specifications cover pearlitic malleable iron 
castings for railroad, motor-vehicle, marine, agricultural-imple- 
ment, and general machinery purposes, both for general use 
and for localized-hardening purposes. 

Process—The iron shall be made by one of the following 
processes: air-furnace, open-hearth, electric-furnace, or any of 
the multiplex processes. 4 

Physical Properties—The tension-test specimen shall conform 
to the minimum tensile-property requirements given in Table 1. 


TABLE 1—Physical-Property Requirements for Pearlitic 
Malleable Iron Castings 


GRADE 
PHYSICAL PROPERTIES* 
43010 | 48005 | 53004 | 60003 | 70002 

Minimum tensile strength, 

AUS coi nee ee Nake siege Oe * 60,000} 70,000) 80,000; 80,000) 90,000 
Minimum yield point or 

yield strength, psi...... 43,000} 48,000) 53,000) 60,000) 70,000 
Minimum elongation in 

Syd n 10 5 4 3 2 
Typical Bhn range....... 163-207 |179-228)197—241|197—241|241-285 


* It is recognized that higher tensile and higher yield ee a may be obtained 
from any one of the grades shown in the above table by the use of a conventional 
quench-and-temper treatment. This increase would be accompanied by a reduction 
in toughness and a likely increase in hardness. 


The yield point or yield strength shall be determined in 
accordance with the Standard Methods of Tension Testing of 
Metallic Materials, ASTM E 8. For materials of low elongation, 
the determination by the drop of the beam or halt in the gage 
may be difficult or impossible. 

Structure—When specified for localized-hardening processes, 
the selected grade designation shall be preceded by the letter 
L; as L48005, L60003. Such castings shall contain sufficient 
carbon in such combined form as to allow satisfactory induction, 
flame, or other localized hardening. A minimum of 197 Bhn is 
recommended. Free ferrite shall be as low as consistent with other 
properties. 

Test Specimens—At the option of the manufacturer and by 
agreement with the purchaser, machined test bars taken from 
any convenient coupon and machined according to Fig. 1 may 
be used. Unless otherwise agreed upon, cast tension-test speci- 
mens conforming to Fig. 2 or Fig. 3 shall be used. 

The manufacturer shall cast three or more tension-test speci- 
mens from each heat in batch melting and at least every 4 hr of 
multiplex melting, without chills, using heavy risers of sufficient 
height to secure sound tension-test specimens. All specimens 
shall be suitably identified with the heat number in batch 
melting and with the pour period in multiplex melting. 

All test specimens shall be heat-treated in regular production 
equipment as nearly as possible with castings which were made 
during the same operating heat. 


1TIn the case of Grade 43010, however, strict adherence to the minimum elongation 
fognbed i in the specification may be waived in part in favor of the ability of the ma- 
to harden satisfactorily. 


Number of Tests—(a) The manufacturer shall test at least one 
heat-treated tension-test specimen from each heat of batch 
melting and from each pour period of multiplex melting and shall 
record the results, except those of flawed bars, in permanent 
records. Such records covering the operating periods during 
which the purchaser’s castings were produced should be available 
for examination by the purchaser’s representative. 


Minimum Radius Recommended 
-in.,but not less than 3-in. 
Permitted 


24 
‘ Parallel Scion | 


2" 20,005" Gage Length for 
Elongation after Fracture 


Nore:-The gage length, paralle! section, and fillets 
shall be os shown, but the ends may be of any 
shape fo fit the holders of the testing machine 
in such a way that the load shall be axial. 


Fig. 1—Macuinep TENSION-TEsT SpEcIMEN 


Fig. 2—UNMACHINED TENSIoN-TEsT SPECIMEN 


4 
| Ly i “ 
[ $''Min. & 
A ee 2’. eee ae $ 


Fic. 3—ALTERNATIVE UNMACHINED TENSION-TEST 
SPECIMEN 


(b) The purchaser’s representative may select and test tension 
specimens representing the approximate operating period during 
which the purchaser’s castings were produced. The test results 
of flawed tension-test specimens shall be discarded and duplicate 
specimens shall be tested. 

(c) In lieu of conducting tests as provided in Paragraph (b), 
the purchaser’s representative may elect to examine the manu- 
facturer’s test records for the approximate period during which 
the purchaser’s castings were produced. He may further request 
certified copies of any representative tests which he may select. 

(d) At the option of the purchaser or his representative, a 
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casting of each design ordered may be tested to destruction, or 
otherwise broken up, to determine the presence of any manu- 
facturing condition which may be detrimental to the service- 
ability of the castings. 

Reheat-Treatment—Any casting rejected may be reheat-treated. 
Test specimens shall be accepted if they fulfill the requirement 
of the specifications in accordance with the section on Physical 
Properties. 

Permissible Variations in Dimensions—A variation of }4 in. 
per ft in any dimension will be permitted. 

Workmanship—The castings shall be made in a workmanlike 
manner and shall conform substantially to the patterns or 
drawings furnished by the purchaser, and also to the gages which 
may be specified in individual cases. 

Quality—All castings shall be substantially free from massive 
cementite (primary cementite), primary graphite, shrinks, cold 
shuts, cracks, injurious porosity, and other defects which would 
render the castings unsuitable for the purpose intended. 


Automotive Steel Castings 


Marking—The identification mark of the manufacturer and 
the pattern numbers assigned by the purchaser shall be cast on 
all castings of sufficient size and in such positions that they will 
not interfere with the service of the castings. 

Inspection—The inspector representing the purchaser shall 
have entry at all times while work on the contract of the pur- 
chaser is being performed to all parts of the manufacturer’s 
works that concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector all reasonable 
facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests and inspection shall 
be made at the place of manufacture prior to shipment, unless 
otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 

Rejection—Material that shows injurious defects subsequent 
to its acceptance at the manufacturer’s works may be rejected 
and, if rejected, shall be replaced by the manufacturer. 


SAE Recommended Practice 


Report of Iron and Steel Technical Committee approved October 1946 and last revised August 1947. 


[This SAE Recommended Practice was formulated with the 
cooperation of the Steel Founders Society of America.] 


Scope—These specifications cover steel castings used in the 
automotive and allied industries. 

General Data—In order to cover adequately the varying re- 
quirements encountered, the cast steels are classified into the 
following groups: 

a—Plain carbon steels specified by chemical composition and 
minimum tensile properties (except for the carburizing grade, 
which is based on chemical composition only). 

b—High-strength steels specified by minimum tensile proper- 
ties, for miscellaneous uses where the requirements do not 
justify hardenability control. ; 

c—High-strength steels specified by minimum tensile proper- 
ties and hardenability requirements. 

The chemical analysis used in the manufacture of high-strength 
steels shall be at the option of the foundry. Certain specific 
cases may arise where chemistry is a controlling factor in ob- 
taining desired properties, such as wear resistance. Under these 
circumstances, chemistry may form part of this specification 
by specific agreement between the producer and purchaser in 
inquiry and purchase order. 


Designation of Grades—All plain carbon steels specified by 
chemistry carry a prefix 00, followed by the first two figures of 
the maximum carbon content. 

All high-strength steels specified by tensile properties carry a 
prefix 0, followed by the figures expressing the minimum tensile 
strength in thousands of pounds. 

All high-strength steels specified by tensile properties and 
hardenability carry a prefix 0, followed by the figures expressing 
the minimum tensile strength in thousands of pounds and a 
suffix H with a number and letter attached corresponding to the 
hardenability factor. 

Grades of Steels and Requirements—The various grades of 
steels and their chemical and tensile requirements are shown in 
Tables 1 and 2. The hardenability factors are indicated in 
Fig. 1. 

The fabrication of steel castings by fusion welding does not 
imply that no special precautions need be taken in welding any 
or all shapes of steel castings. Regardless of composition, the 
welding of any steel casting of intricate shape or of greatly 
varying cross-section may necessitate special welding technique 
not generally considered necessary for the welding of parts of 
reasonably symmetrical form. 

When high-strength cast steels are to be used for fabrication 
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TABLE 2—High-Strength Steel Castings for Structural Purposes 


APPROX. EQUIV. CHEMICAL ANALYSIS, % MINIMUM TENSILE PROPERTIES® 
HEAT- 
SAE 
Grade ies Sa 7 M Tensile Yield El Reduction] pine) | Groan® 
ASTM QQS-681-b C) | Mn |}. Si Mex aes agree ag RE in a Renee aes 

0105 A 148 Rev. 4C2 alloy cast not required] 0.05 | 0.06 | 105,000 | 85,000 17 35 217 ~=|N-Q-T 
steel 

0120 A 148 Rev. 4C3 alloy cast not required| 0.05 | 0.06 | 120,000 | 100,000 14 30 248 + |N-Q-T 
steel 

0150 A 148 Rev. 4C4 alloy cast not required| 0.05 | 0.06 | 150,000 | 125,000 9 22 311 |N-Q-T 
steel 

0175 — _— alloy cast not required| 0.05 | 0.06 | 175,000 | 145,000 6 12 363 = |N-Q-T 
steel ' 

| 


. bp phese values are applicable to casting sections not over 3 in. 
bN-Q-T = Normalize-Quench-Temper. 


© These values are to be obtained from coupons of 1 x 1% in. cross-section. Tempering temperatures for the castings are to be adjusted for the equivalent Brinell hardness. 


by fusion welding, it is recommended that the carbon content be 
limited to 0.85% carbon, maximum. 

Chemical Analysis—All steels based on chemistry shall con- 
form to the ranges given for each grade in Table 1. The only 
chemical requirements for the balance of the steels in these 
specifications will be maximum phosphorus and sulfur contents 
as indicated. 

Chemical or spectrochemical analysis of each melt of steel 
shall be made by the producer to determine the percentages of 
elements specified in Tables 1 and 2. Chemical analysis shall be 
made from drillings taken not less than 4 in. beneath the surface 
of the test coupon made during the pouring of the heat, and shall 
conform to the specified requirements. 

Check Analysis—When so desired, an analysis may also be 
made by the purchaser from a test specimen or casting represent- 
ing each melt. The procedure outlined above shall be followed, 
and the chemical composition as determined shall conform with 
the requirements specified for the ‘particular grade of steel in 
question. 

In cases where differences of results occur between producer’s 
and purchaser’s laboratories, a party mutually agreeable may be 
authorized to act as referee. 

Hardenability and Selection of Hardenability Factor—(These 
are subject to specific agreement between producer and pur- 
chaser in inquiry and purchase order.) 

The degree of hardenability required depends largely upon the 
type of stresses to which the casting will be subjected in service 
and may vary from a deep-hardening steel (full quench hardness 
to the core) to a shallow-hardening steel. 

To allow for these varying requirements, Fig. 1 has been set 
up to include the equivalent distance on the Jominy bar for full 
quench hardness throughout, as well as to a depth of 4 and } of 
the critical section thickness. These values are indicated at the 
bottom of the table. 

The relationship between these distances and the thickness 
of the casting, or the so-called “critical section thickness’—by 
which is here meant the thickness of the most highly stressed 
portion of the casting—is found at the top of the table. 

1See the SAE Lp aetripe an Practice on Method of Determining Hardenability 


of Steels = ASTM 
2 See the SAE General Information Report of Definitions of Heat-Treating Terms. 


The minimum carbon content (established by the foundry) 
will determine the minimum as-quenched Rockwell hardness 
deemed necessary to obtain optimum physical properties after 
tempering, as shown on the right of the table. 

Hardenability Test—The hardenability of the steel used shall 
be determined on a standard 1-in. round Jominy specimen. 

From each heat used on a purchaser’s castings, a representative 
specimen of the metal shall be poured. The specimens may be 
cast to size in metal molds or prepared from test coupons. Un- 
less otherwise agreed to between the producer and the pur- 
chaser, the producer shall keep a record of the hardenability 
data representing all heats in question for a period of 3 months. 

Heat-Treatment—The heat-treatment used in obtaining the 
required mechanical properties of the steels in Tables 1 and 2 
shall be at the option of the producer unless otherwise specified 
in the inquiry and purchase order. 

In the case of castings which are to be heat-treated by the 
purchaser, these castings shall be supplied in the annealed,” 
normalized, or normalized-and-tempered condition, and it is 
the responsibility of the producer to furnish castings, the test 
coupons of which will meet the tensile properties and harden- 
ability specified under properly controlled conditions. 

Temperature Control—Furnace temperature for heat-treating 
shall be effectively regulated by the use of pyrometers. 

Tension Test—Tension-test specimens shall be prepared from 
test coupons. The test coupons shall be cast attached to the 
castings where practicable or in separate molds. 

All test coupons from which specimens are to be prepared shall 
be given the same heat-treatment as the castings, subject to 
Footnote c of Tables 1 and 2. Tension-test specimens shall be 
machined to the dimensions shown for Fig. 3 of the SAE General 
Information Report on Tension-Test Specimens in this edition 
of SAE handbook or Fig. 3 of ASTM E 8-46. 

For castings heat-treated by the producer, all testing and in- 
spection shall be made at the place of raanufacture prior to ship- 
ment, unless otherwise specified. In the case of castings to be 
heat-treated by the purchaser, the test bars shall be submitted 
to the purchaser in the form of a test coupon. 

Tensile Properties—Steel used for castings shall conform to 
requirements as to tensile and other properties described in 


yhe ¥ 


| Approx. 
Class HA H2 H3 H4 Hs Poteet 
| Thickness 3 In. 1In \sIn 2In 22 1n Martensite 


> 
a 


Minimum As-Quenched Rockwell C Hardness 


> 
a 


Carbon Content 
p 
nr 


“a 
oO 


(a) 
oa 


A- 23 35 45 5h 
B- 2 MG 6 8 10 
c=*" 3 5 8 rT 14 
D- 4 8 TT 14 18 


Equivalent Jominy Distance in Sixteenths of an Inch 


A—For desired quench hardness to a depth of 4 of critical 
section thickness, agitated water quench 

B—For desired quench hardness to a depth of 4 of critical 
section thickness, agitated water quench 

C—For desired quench hardness at center of critical section 
thickness, agitated water quench 

D—For desired quench hardness at center of critical section 
thickness, agitated oil quench 
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The values in this table were obtained from plate sections. For 
rounds, refer to the SAE Recommended Practice on Method of 
Determining Hardenability of Steels. 

These two examples indicate the application of Fig. 1: 

1. A steel casting of 1-in. critical section thickness is required 
to meet a minimum of 105,000 psi tensile strength and subjected 
in service to tensional stresses. 

As this casting will be loaded in tension, it is desirable to pro- 
duce full quench hardness throughout the critical section thick- 
ness. In Fig. 1, the 1-in. thickness corresponds to class H-2 and 
requires a hardenability equivalent to a distance of 54g in. on the 
Jominy bar. The specification, therefore, would read ‘SAE 0105 
H-2C”’ and would indicate to the foundry operating with a mini- 
mum carbon content of say, 0.30%, that a material of sufficient 
hardenability to produce a minimum of 42 Rockwell C at 5¢ in. 
on the Jominy bar is required; that is, J42 = 5. 4 

2. In the case of another casting of similar cross-section and 
tensile requirements but subjected to torsional stresses, the 
purchaser may decide that full hardening throughout the section 
is not essential for satisfactory properties after tempering. In 
such a case, Fig. 1 permits specifying the hardenability required 
to produce full quench hardness to a depth of a quarter as well as 
one eighth of the critical section as indicated by letters B and A. 

The distance on the Jominy bar for intricate castings requiring 
full hardening by oil quenching may be found under letter D. 

Frequently, intricate designs are encountered, as in the case 
of a hollow casting where the outside and the inside may be sub- 
jected to different severity of quench, or a casting where the sec- 
tion size immediately adjacent to the critical section thickness 
may be larger or smaller, thereby affecting a decrease or increase 
in the cooling rate in the center of the critical section thickness. 
For such castings, the cooling rates or equivalent distance on 
the Jominy bar can not be established from Fig. 1 or calculated 
closely enough for guidance in selecting the proper steel. It be- 
comes necessary in these cases, for the purchaser to determine the 
cooling rate at the critical section thickness for the particular 
casting. 

This is best done by adopting the method described in SAE 
Transactions, Vol. 49, July, 1941, pp. 266-276, which method in- 
volves determination of hardnesses throughout the particular 


' section in question after quenching from the hardening tempera- 


ture and the substitution of cooling rates corresponding to the 
hardnesses, picked from a hardenability curve for the same steel 
previously used. 


Fig. 1—Criricat Section THIcKNESS OF CASTING 


“Tables 1 and 2. When specified in the inquiry and purchase 


order, the properties obtained shall be reported to the purchaser 


) or his representative. For high-tensile steels where a definite 


yield point is not exhibited, the yield strength corresponding to 
a limiting permanent offset of 0.2% of the gage length of the 
specimen shall be used instead and reported as yield strength. 


| This offset method is described in ASTM E 8. 


i) 


Wumber of Tests—One tension test shall be made from each 
lot. The term “lot” shall be considered_as all castings in a melt 


| subjected to the same heat-treating procedure. 


If any test specimen shows defective machining or develops 
| flaws, it may be discarded and another specimen substituted from 


{be | the same lot. 


If the percentage of elongation of any tension-test specimen is 
less than that specified in Tables 1 or 2 and any part of the 
fracture is more than 34 in. from the center of the gage length 


| as indicated by scribe scratches marked on the specimen before 
| testing, a retest shall be allowed. 


If mutually satisfactory to the producer and purchaser, and 
after acceptance of consecutive melts used for making castings 
of any one grade, the producer and purchaser may establish 
reduced testing procedures. In all cases where hardenability 
forms part of the requirement, a Jominy test shall be conducted 


| by the producer on a sample from each melt, 


Retest—If the results of the tensile tests for any lot do not 
conform to the requirements specified, the manufacturer may 
reheat-treat such a lot. Retests of an additional specimen from 
the same lot shall be made and shall conform to the requirements 
specified above. 

Hardness Test—In cases where hardness testing of castings is 
required, a rectangular boss approximately 34 x 1)4 in. and of 
sufficient thickness to eliminate decarburizing when ground off, 
and located on the casting in a manner permitting proper mount- 
ing in the Brinell machine, shall be indicated on the blueprints. 
That such a test is required shall be specified in the inquiry and 
purchase order after agreement between producer and purchaser. 

The minimum Brinell hardness of castings shall conform to the 
requirements for the respective grades as shown in Tables 1 and 2. 

The frequency of such Brinell inspection shall be established 
by agreement between producer and purchaser and shall be 
indicated in the inquiry and purchase order. 

Optional Tests—(These are subject to specific agreement be- 
tween the producer and purchaser in inquiry and purchase 
order.) 

Load Testing—Load testing simulating service conditions may 
constitute the basis for acceptance of individual castings. 

Test to Destruction—Tests to destruction may be used as a 
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basis of acceptance, and in this case the test shall show the 
material to be free from injurious defects and suitable for the 
purpose intended. 

Non-Destructive Tests—Radiographic Inspection—When so 
specified in the inquiry and purchase order, and mutually 
agreed upon by the producer and purchaser, castings made to 
this specification may be subject to radiographic inspection. 

Areas to be radiographed, number of pieces made from the 
same pattern which shall be radiographed,*® and standards of 
acceptability shall be agreed upon by producer and purchaser. 

Magnetic-Particle Inspection—When so specified in the in- 
quiry and purchase order, and mutually agreed upon by pro- 
ducer and purchaser, castings made to this specification may be 
subject to magnetic-particle inspection. 

Areas to be inspected, number of pieces made from the same 
pattern which shall be inspected, and standards of acceptability 
shall be agreed upon by producer and purchaser. 

When so specified, the magnetic-particle inspection shall be in 
accordance with the SAE Recommended Practice for Magnetic- 
Particle Testing of Steels or ASTM A 272. 

Repair of Defective Steel Castings—Repair of defective steel 
castings may be performed in (a) the foundry or (b) the machine 
shop. 

(a) In the case where castings are to be repaired in the foundry, 
the following procedure is to be followed: 

Minor defects that will not ultimately impair the strength, 
serviceability, or subsequent processing operations of the castings 
may be welded by an approved process such as is established by 
the American Welding Society for carbon and low-alloy steels. 
Defects shall be considered minor when the depth of the cavity 
prepared for welding is not greater than 20% of the actual wall 
thickness, but in no case greater than 1 in. Minor defects may be 
welded without securing the approval of the purchaser, whereas 
defects other than minor may be repaired with the consent of 
the purchaser, by welding with an approved process. All welds 
shall be given a suitable stress relief or heat-treatment. 

3 As long as there is no SAE radiographic standard, the Navy Bureau of Ships’ 


Radiographic Standards for Steel Castings, dated July 1, 1942, are recommended as a 
basis of mutual agreement. 


(b) For information relative to acceptable repair procedures 
applicable in the machine shop, refer to the SAE Special Pub- 
lication SP-20, ‘““Foundry Process Control Procedures (Ferrous).” 

Workmanship—All castings shall be made in a workmanlike 
manner and shall conform substantially to the dimensions on 
drawings furnished by the purchaser before manufacture is 
started, or to the dimensions predicated by the pattern supplied 
by the purchaser if no drawings are provided. 

Finish—The castings shall be free from injurious defects and 
shall be satisfactorily cleaned for their intended use when offered 
for inspection. 

Marking—The manufacturer’s identification mark, pattern 

number, and melt number shall appear on all castings except 
those of such small size as to make such marking impractical. 

Inspection—The inspector representing the purchaser shall 
have entry at all times while work on the contract of the pur- 
chaser is being performed to all parts of the producer’s works 
which concern the manufacture of the material ordered. The 
producer shall afford the inspector all reasonable facilities to 
satisfy him that the castings-are being furnished in accordance 
with these-specifications. All tests (except check analyses) and 
inspection shall be made at the place of manufacture prior to 
shipment unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

If in the case of important castings for special purposes, sur- 
face inspection in the green state is required, this shall be so 
specified in the inquiry and purchase order. 

Rejection—Unless otherwise specified, any rejection based on 
tests made in accordance with the paragraph “Check Analysis” 
shall be reported to the producer within five working days from 
the receipt of samples by the purchaser. 

Material which shows injurious defects subsequent to its 
acceptance at the producer’s works will be rejected and the 
producer shall be notified. 

Rehearing—Tested samples representing rejected material 
shall be held for two weeks from the date of the test report. In 
case of dissatisfaction with the results of the tests, the producer 
may make claim for a rehearing within that time. 


It 
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_ Chemical Compositions of SAE 
-_ Corrosion- and Heat-Resistant Ferrous Castings 


SAE Standard 


From report of Iron and Steel Division approved June 1911 and last revised by Iron and Steel Technical Committee January 1950. 


TABLE 1—Corroston-Resistant Alloy Steel Castings 


CHEMICAL COMPOSITIONS, % 
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§ an SAE ASTM 
Pee | Number A 296 ANP: 
eral | ACI Max C Max Mn | Max Si Max P Max S Cr Range Ni Range Mo Other elements 
60303 CF-16F 0.16 1.50 2.00 0.17 0.04 18.0-21.0 9.0-12.0 1.5 max Se, 0.20-0.35 
60303A | CF-16F 0.16 1.50 2.00 0.04 |0.20-0.40 18.0-21.0 9.0-12.0 0.40-0.80 —— 
60304 CF-8 0.08 1.50 2.00 0.04 0.04 18.0-21.0 8.0-11.0 — — 
60309 CH-20 0.20 1.50 2.00 0.04 0.04 22 .0-26.0 12.0-15.0 — — 
60310 CK-20 0.20 1.50 2.00 0.04 0.04 23 .0-27 .0 19.0-22.0 —_ —_— 
60312 CE-30 0.30 1.50 2.00 0.04 0.04 26 .0-30.0 8.0-11.0 == —_— 
60316 CF-8M. 0.08 1.50 150) 0.04 0.04 18.0-21.0 9.0-12.0 2.0-3.0 — 
60347 CF-8C 0.08 1.50 2.00 0.04 0.04 18.0-21.0 9.0-12.0 — (See Note ec) 
60410 CA-15 0.15 1.00 1.50 0.04 0.04 11.5-14.0 1 max 0.50 max — 
60420 CA-40° 0.20-0.40 1.00 1.50 0.04 0.04 11.5-14.0 1 max 0.50 max —_ 
60442 CB-30 0.30 1.00 1.00 0.04 0.04 18.0-22.0 2 max = _ 
| 60446 CC-50 0.50 1.00 1.00 0.04 0.04 26.0-30.0 4 max = — 
60502 —_ 0.25 1.00 0.60 0.05 0.05 4.0-6.5 — 0.40-0.60 — 
, ACI = Alloy Castings Institute. 
Not included in ASTM A 296—49 T. 
° Minimum Cb = 8 X C. Maximum Cb = 1.0. 
TABLE 2—Heat-Resistant Alloy Steel Castings 
ore , ASTM CHEMICAL COMPOSITIONS, % 
Number HES ‘ ‘ Other 
Cc Max Mn Max Si Max P Max S (Oe Ni Mo elements 
70308 HF 0.20-0.40 2.00 2.00 0.04 0.04 18.0-23.0 8.0-12.0 0.5 max — 
70309 HH 0.20-0.50 2.00 2.00 0.04 0.04 24 .0-28.0 11.0-14.0 0.5 max N, 0.2 max 
70310 HK 0.20-0.60 2.00 3.00 0.04 0.04 24 0-28 .0 18.0-22.0 0.5 max — 
70310A HL> 0.20-0.60 2.00 3.00 0.04 0.04 28 .0-32.0 18.0-22.0 0.5 max — 
70312 HE 0.20-0.50 2.00 2.00 0.04 0.04 26.0-30.0 8.0-11.0 0.5 max —_— 
70327 HD> 0.50 max 1.50 2.00 0.04 0.04 26 .0-30.0 4.0-7.0 0.5 max — 
70330 HT 0.35-0.75 2.00 2.50 0.04 0.04 13.0-17.0 33 .0-37.0 0.5 max —_— 
70331 HU 0.35-0.75 2.00 2.50 0.04 0.04 17.0-21.0 37.0-41.0 0.5 max — 
70334 HW 0.385-0.75 2.00 2.50 0.04 0.04 10.0-14.0 58 .0-62.0 0.5 max —_— 
70335 HX 0.35-0.75 2.00 2.50 0.04 0.04 15.0-19.0 64.0-68.0 0.5 max = 
5 70446 HC 0.50 max 1.00 2.00 0.04 0.04 26.0-30.0 4 max 0.5 max — 
q _ 70502 —_— 0.25 max 1.00 0.75-1.50 0.05 0.05 4.5-6.5 = 0.40-0.60 _ 


b Not include: 


* ACI = Alloy Castings Institute 
d in ASTM A 297-49 T. 


150 TOOL AND DIE STEELS 


Tool and Die Steels 


SAE Recommended Practice 


Report of Iron and Steel Technical Committee approved January 1949 and last revised January 1951. 


[The information and standards given in this section are considered 
to be tentative and are subject to modification to meet new develop- 
ments or requirements. They are offered as a guide in the selection 
and use of tool steels.) 


Definition—Tool and die steels are defined as carbon or alloy 
steels, capable of being hardened and tempered, which are usually 
melted in electric furnaces and produced to meet special require- 
ments for application in certain tools used by hand; and for tools 
and dies for use in mechanical fixtures for cutting, shaping, form- 
ing, and blanking of materials, either hot or cold; or for precision 
gages. 

This definition is not intended to include that type of tonnage 
production open-hearth steel used in the manufacture of ordinary 
mechanics’ hand tools, nor steel used in the manufacture of such 
products as hammers, picks, files, hollow drill steel, mining bits 
and cutters, large rolling mill rolls, and low-alloy medium-carbon 
forging die-blocks. These exceptions are stated as a matter of 
guidance only and are not inclusive. 

Classification of Tool and Die Steels—To classify tool and die 
steels for engineers, metallurgists, tool designers, tool makers, 
tool-room supervisors, heat-treaters, and the like, the groups of 
tool and die steels are listed in Table 1. 

The Selection of Tool and Die Steels'\—Simplification of the 
problems connected with the selection of tool steels has long been 
an aim of both producers and consumers. This article is restricted 
to a discussion of the general principles involved in selection and 
will include a tabulation of the metallurgical characteristics of the 
principal tool-steel types as an aid in selection. A correlation of 
these metallurgical characteristics with the requirements of the 
tool in operation should form the basis of a sound approach to 
the selection of a steel for any application. (See Table 2.) 

Practical experience indicates that in the majority of instances 
the choice is not limited to a single type of tool steel or even to a 
particular family of tool steels for a workable solution to an indi- 
vidual tooling problem. Because it is desirable to select the steel 
that will give the most economical overall performance, the tool 
life obtained with each steel under consideration should be judged 
by weighing such factors as expected productivity, ease of fabri- 
cation, and cost. 

The majority of tool-steel applications can be divided into a 
small number of groups or types of operations: cutting, shearing, 
forming, drawing, extrusion, rolling, and battering. Cutting tools 
include drills, taps, broache*, hobs, lathe tools, and the like. 
Shearing tools include shears, blanking and trimming dies, 
punches, and such. Forming tools include draw dies, forging dies, 
cold heading dies, and die-casting dies. Battering tools include 
chisels and all forms of tools involving heavy shock. Many of 
these classifications can be further divided into cold-working and 
hot-working tools. 

For each of these groups, certain metallurgical characteristics 
are of utmost importance. Most cutting tools require high hard- 
ness, high resistance to the softening effect of heat, and high wear 


1 Condensed from the ASM Handbook, 1948 edition, pp. 658-659, with the permis- 
sion of the American Society for Metals. 


resistance. Shearing tools require high wear resistance combined 
with fair toughness, and these characteristics must be properly 
balanced, depending on the tool design, thickness of stock being 
sheared, and temperature of the shearing operation. Forming 
tools must possess high wear resistance or high toughness and high 
strength, and many require maximum resistance to heat soften- 
ing. In battering tools high toughness is most important. 

Hardness, strength, toughness, wear resistance, and resistance 
to heat softening are, therefore, prime selective factors for tool-steel 
applications. Many other properties must be seriously con- 
sidered in individual applications; these include permissible dis- 
tortion in hardening, permissible surface decarburization, harden- 
ability or depth of hardness desired, resistance to heat checking, 
machinability and grindability,as well as heat-treating require- 
ments, including temperatures, atmospheres, and equipment. 

Table 2 lists those properties which merit special consideration 
when selecting steels for any application, from the list shown. 
(For compositions of these steels, see Table 1.) 

Table 3 is presented as an aid in the relative evaluation of those 
properties which must be considered for the proper heat-treat- 
ment of the steels. 

Relation of Design to Heat-Treatment—The design bears, in 
many ways, upon the serviceability of the tool or machine part, 
and unsatisfactory performance may frequently be traced directly 
to faulty design. This discussion is concerned only with: design 
as it affects the heat-treating operation and, through the heat- 
treatment, the serviceability of the finished part. It is the purpose 
of this discussion to bring about a better mutual understanding 
between the designer and the steel treater so that faulty design 
which may cause cracking or distorting during heat-treating 
can be avoided. 

The fundamental principles of good design from a heat-treat- 
ment standpoint are quite simple. Heat-treated steel has a certain 
strength depending upon the analysis of the steel, the quality of 
the metal, and the heat-treatment which it has received. When 
subjected to a combination of forces beyond its ultimate strength, 
the steel cracks or fails. There are two types of force combining 
to break the steel, which are 

1. The internal stress set up during fabrication and heat- 
treatment of the part. 

2. The external force of service. 

Sometimes the internal stresses alone exceed the strength of 
the metal, and the parts crack in hardening. Again, the internal 
stresses may equal 90% or more of the total strength, in which 
case failure will develop in service under relatively light loads. It 
therefore appears that the useful strength of a part decreases in 
proportion as the internal stresses increase. 

Internal stresses arise from many causes, but the most serious 
by far are those developed by quenching, by reason of differential 
cooling. This differential cooling is largely a function of the size 
and shape of the piece being quenched; in other words, the design. 
Here, then, is the relation of design to heat-treatment, and the 
basic principle of successful design is to plan shapes which will 
allow the piece to cool as uniformly as possible during quenching. 


(Continued on next page.) 
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TABLE 1—Classification and Approximate Compositions of Tool and Die Steels 


STEEL Cc Mn Si Cr Vv Ww Mo Co Ni 
| Water-Hardening Tool Steels* 

(DAS 0) CER S00) sl i ae 0.70-0.85 —a —a —a = at a es ee 
OMT Chis C000. en en 0.85-0.95 — —s —a — == == = a 
HROOMC Ar DOU Net eee Be cbc ie ejoncle s+ > 0.95-1.10 —* —a —a ss = ie = ee 
DE ZO MOST OOMR NE) onsen cNa.hiele. .: « 1.10-1.30 — — 4 — — = ==: = 
0.90 Carbon-V.......... | gt A ae 0.85-0.95 — —4 —s 0.15-0.35 — _ — — 
MOU M@ATOOU Vien incl vee. oe 0.95-1.10 —4 —4 —4 0.15-0.35 _ — — —_ 

Meet OO WW arDODViV wien cee. dpyetlens s - 0.95-1.10 _ —a —4 0.35-0.50 — — — — 

Oil-Hardening Tool Steels........... 
NrOMUNIAIGANCRO sn ances. cass. ss 0.90 1.20 0.25 0.50 0.20° 0.50 — ~~ = 
High Manganese................... 0.90 1.60 0.25 0.35¢ 0.20¢ _ 0.30°¢ — — 
High Carbon-High Chromium...... 2.15 0.35 0.35 12.00 0.80°¢ 0.75¢ 0.80°¢ — 0.50¢ 
ORM OMG WEEE Ae ot sila te < 1.00 0.35 0.25 1.40 _— — 0.40 -= — 
Molybdenum Graphitic............. 1.45 0.75 1.00 — _ — 0.25 — — 
INTEKEI=C@NrOMMUD ooo. 6s cyyeytle ny ss 0.75 0.70» 0.25 0.85» 0.25°¢ — 0.50°¢ _ 150° 

Air-Hardening Tool Steels 
High Carbon-High Chromium...... 1.50 0.40 0.40 12.00 0.80°¢ — 0.90 0.60° = 
5% Chromium Air Hard............ 1.00 0.60 0.25 5.25 0.40°¢ — 1.10 — — 
High Carbon-High Chromium- 

BY | (OL oF Rs ches ON Ns ORE ae 1.50 0.40 0.40 12.00 0.80° = 0.90 3.10 = 

' Shock-Resisting Tool Steels 
Chromium-Tungsten................ 0.50 0.25 0.35» 1.40 0.20 2.25 0.40° — _ 
Silicon-Molybdenum............... 0.50 0.40 1.00 — 0.25¢ — 0.50 — — 
Silicon-Manganese................. 0.55 0.80 2.00 0.30° 0.25¢ — 0.40°¢ — = 

_ Hot-Work Tool Steels ; 
Chromium-Molybdenum-Tungsten..| 0.35 0.30 1.00 5.00 0.25¢ 1.25 1.50 — — 
Chromium-Molybdenum-V......... 0.35 0.30 1.00 5.00 0.40 — 1.50 — — 
Chromium-Molybdenum-VV........ 0.35 0.30 1.00 5.00 0.90 — 1.50 — = 
BET RUC UN APB Ener eeu cil a Spay Finns 9 0.32 0.30 0.20 3.25 0.40 9.00 = aa 

High-Speed Tool Steels : 

PyaUMe Sten WS -Aad es rin care iiid ban 0.70 0.30 0.30 4.10 1.10 18.00 — — = 
Mumgetenwis4e2 ec ss, acc qt awa: 0.80 0.30 0.30 4.10 2.10 18.50 0.80 — = 
MI ATEN BSF eon paye fc. ie ehosnerg des § 1.05 ° 0.30 0.30 4.10 3.25 18.50 0.70 — = 
Cobalt-Tungsten 14-4-2-5........... _ 0.80 0.30 0.30 4.10 2.00 14.00 0.80 5.00 aaa 
Cobalt-Tungsten 18-4-1-5........... 0.75 0.30 0.30 4.10 1.00 18.00 0.80 5.00 a 
Cobalt-Tungsten 18-4-2-8........... 0.80 0.30 0.30 4.10 1.75 18.50 0.80 8.00 = 
Cobalt-Tungsten 18-4-2-12.......... 0.80 0.30 0.30 4.10 1.75 20.00 0.80 12.00 Sar 
Molybdenum 8-2-1................. 0.80 0.30 0.30 4.00 1.15 1.50 8.50 = = 
Molybdenum-Tungsten 6-6-2........ 0.83 0.30 0.30 4.10 1.90 6.25 5.00 — — 
Molybdenum-Tungsten 6-6-3........ 1.15 0.30 0.30 4.10 3:25 5.75 5.25 — — 
Molybdenum-Tungsten 6-6-4........ 1.30 0.30 0.30 4.25 4.25 5.75 5.25 — a 
Cobalt-Molybdenum-Tungsten 

CPUC Las die 2 ga ee 0.85 0.30 0.30 4.10 2.00 6.00 5.00 8.00 — 


® Water-hardening steels listed herein are usually available in four grades or qualities as follows: a8 A : 
Special (Grade 1)—The highest quality water-hardening carbon tool steel, controlled for hardenability, chemistry held to closest limits, and subject to most rigid tests to in- 
' sure maximum uniformity in performance. . } S ebh 

Extra (Grade 2)—A high quality water-hardening carbon tool steel, controlled for hardenability, subject to tests to insure good service for general application. : 
; Standard (Grade y )—A good quality water-hardening carbon tool steel, not controlled for hardenability, recommended for application where some latitude with respect to uni- 
ormity is permissible. ; 

Commercial (Grade 4)—A commercial quality water-hardening carbon tool steel, not controlled for hardenability, not subject to special tests. 

On special and extra grades, limits on manganese, silicon, and chromium are not generally required in lieu of the following Shepherd hardenability limits: 


0.70-0.85 C and 0,85-0.95 C 0.96-1.10 C and 1.10-1.30 C 
Hardenability , Hardenability, 
64ths In. Fracture 64ths In. Fracture 
Penetration Grain Size Penetration Grain Size 
ee ee TRE Tee eect yea ake Gah riac eisse) ease ieiers daw sink ajelsia nah ae cee enees 10 max 8 min 8 max 9 min 
RAST earns ci Ya Vieira tush toy clcfeisYovcta/ale\n'el a/e[e\a je: G)4 aivievafaaeie's «vie oa caiee vere 9 to 13 8 min 7 to 11 9 min 
eis SE OT es ery oe sien chars nace a ilawiniayio eles seine cvcas evs unenvaneee 12 min 8 min 10 to 16 8 min 
On standard and commercial grades, the following limits on composition are generally required: 
Mn Si Cr 
SNR aE Tce eb oy Yoiai che pfs njcis Pia caizselelcd ay s/isie aly Goals slew v nov alg slevorely siess Biereisw 4 he 0.35 max 0.35 max 0.15 max 
Re reaea ORL ee eA SK dc cinta chs) aeyaiaipf3, 2/014 vi) 06%a)stn/e ainda olhct ensuite: Mealat Speer raven was 0.35 max 0.35 max 0.20 max 


Total of manganese, silicon, and chromium not to exceed 0.75%. 
May be ponent in percentages other than shown. ; 3 zy 
° Optional element. Steels have found satisfactory application either with or without the element present. 


(Continued on next page.) 
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TABLE 2—Comparison of Tool Steels Listed in Table 1 on Basis of Properties Affecting Selection 


RESISTANCE TO 
creat wommanonense | gaveryet | ETE Or, | sovemess | "sorrene | gail | xAGmAsmI 
Water-Hardening Tool Steels 
OS0Carbont ve. oer or aie ake eee Poor Fair Shallow Goods Poor Fair Best 
OOO. .Carbonvewe .ccchtat heer sana Poor Fair Shallow Good* Poor Fair Best 
1 OO'Garbone sokeat asta eee eee Poor Fair Shallow Good* Poor Good Best 
il) 20 Gar bOnweasal Glaeser pe ronh ce ere: Poor Fair Shallow Good* Poor Good Best 
):GOnC amb om Verse chscits acter ee aie Seale EOL Fair Shallow Good Poor Fair Best 
MOOXGanbONS Vs ese aon nee een Poor Fair Shallow Good Poor Good Best 
100° GanboneV Vic 4.3.06 to eee oe Poor Fair Shallow Good Poor Good Best 
Oil-Hardening Tool Steels 
owaMianpanesenvig eens ee aoe oer OOd: Good Deep Fair Poor Good Good 
HighaVianganesej.ias te. ee ere teen ae Good Good Deep Fair Poor Good Good 
High Carbon-High Chromium... ......... Good Good Through Poor Fair Best Poor 
Chrom NI y95 ae a ES en Eee ee eas Fair Good Deep Fair Poor Good Fair 
Molybdenum Graphitic: \) 06 ci. .e0 sees Fair Good Deep Fair Poor Good Best 
INtekel-@hy omit Weer sents eae Fair Good Deep Fair Poor Fair Fair 
Air-Hardening Tool Steels 
High Carbon-High Chromium......... ... Best Best Through Fair __Fair Best Poor 
59, Chromium Air cardia. -.0 5077s: eee best: Best Through Fair_ Fair Good Fair 
High Carbon-High Chromium-Cobalt...... Best Best Through Fair Fair Best Poor 
Shock-Resisting Tool Steels 
Chromium=Tungeten: cesses ee ee Fair Good Deep Good Fair Fair Fair 
Silicon= Moly bdenumeweree. cea ae W Poor? W Poor? Deep Best Fair Fair Good 
O Fair> O Good» 
Silicon-\Mianganesein iam cee akc W Poor? W Poor? Deep Best Fair Fair Fair 
O Fair? O Good> 
Hot-Work Steels 
Chromium-Molybdenum-Tungsten.........| Good Good Through Good Good Fair Fair 
Chromium-Molybdenum-V.......... se Good Good Through Good Good Fair Fair 
Chromium Molybdenum-VV...............| Good Good Through Good Good Fair Fair 
DUM ee Gen wie: «cto. eines bare) ee re Good Good Through Good Good Fair Fair 
High-Speed Tool Steels 
ihangstent S42) pees eek ere ae oe eee Good Good Through Poor Good Good Fair 
Binns tem ei 8°42 soe i eee een. desea ca ieee Good Good Through Poor Good Good Fair 
Mumngetenywl8-4285 te. eae a. et ps one ara Good Good Through Poor Good Best Fair 
Cobalt-Tungsten 14-4-2-5.......00..05. nw. Good Fair Through Poor Best Good Fair 
Cobalt-Tungsten 18-4-1-5.................. Good Fair Through Poor Best Good Fair 
Cobalt-Tungsten 18-4-2-8.................. Good Fair Through Poor Best Good Fair 
Cobalt-Tungsten 18-4-2-12................. Good Fair Through Poor Best Good Fair 
Molybdenum Sa2-] sey iene tenn erent Good Fair Through Poor Good Good Fair 
Molybdenum-Tungsten 6-6-2............... Good Fair Through Poor Good Good Fair 
Molybdenum-Tungsten 6-6-3............... Good Fair Through Poor Good Best Fair 
Molybdenum-Tungsten 6-6-4............... Good Fair Through Poor Good Best Fair 
Cobalt-Molybdenum-Tungsten 6-6-2-8..... Good Fair Through Poor Best Good Fair 


® Toughness decreases somewhat with increasing depth of hardening. : 
b “Was shown here indicates water quench. “O” as shown here indicates oil quench. 


Some shapes are almost impossible to harden because of the 
abruptness in the change of sections, but a certain latitude in the 
design is recognized when using an oil-hardening or air-hardening " 


steel. 


Errors in design reach further than merely affecting the internal 


stresses of hardening. A sharp angle serves to concentrate greatly 
the stresses of service. The design of the part may be entirely 
responsible for concentrating the service stresses at a point 
already weakened by internal stresses produced during hardening. 

Reducing all the foregoing to a single statement, a part is prop- 
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TABLE 3—Approximate Comparison of Tool and Die Steels on Basis of Some Heat-Treating Characteristics 


un PREHEAT HARDENING Meaeaan TEMPERING Ran: Caton (ERS L 
& STEEL QUENCH MEDIUM PAS ea pace on QUENCHING, gee ce TEMPERING, pt ae 
: ROCKWELL C sina ROCKWELL C TREATMENT) 
| Water-Hardening Tool Steels 
(CS) Obed 6.0) Noo ihe ne ahah cede eae Water —b 1420-1450 65-67 350-525 65-56 — 
(CGD) KCEwelevayal 5 o/6e el Ge ae eee ne Water —b 1420-1450 65-67 350-525 65-56 —=0 
lOO) (COI, keane ee eee Water —> 1420-1450 65-67 350-525 65-56 —e 
i] LSU) (CEVA OYOvele, 5 ofl sen lOc nea Water —> 1420-1500 65-67 350-525 65-56 aa 
Ber OOO C@arbon-Vi 2... . 5.2.0... eee Water —b 1420-1500 65-67 350-525 65-56 —- 
| MMO MO ATDON=V sca seen esa ss seas. Water —) 1420-1500 65-67 350-525 65-56 — 
i HROOM@ATDON=NIVits taj ccr. sane tines Water —b 1420-1500 65-67 350-525 65-56 — 
( . Oil-Hardening Tool Steels 
a | Low Manganese..................... Oil sed 1450-1500 63-65 300-800 62-50 a= 
| High Manganese.................... Oil =) 1420-1450 63-65 375-500 62-57 —ze 
|| High Carbon-High Chromium....... Oil 1200-1300 | 1750-1800 62-64 400-700 62-58 —d 
Be @OTOMUIUM ee ke ee hee Oil —b 1525-1550 63-65 350-500 62-60 — 
i Molybdenum Graphitic.............. Oil —> 1450-1500 63-65 300-800 63-50 — 
Sige) Nickel-@hromium....../27.......... Oil —) 1500-1600 62-64 400-800 62-48 =e 
| || Air-Hardening Tool Steels 
| High Carbon-High Chromium....... Air 1200-1300 1800-1875 61-63 400-700 60-58 —d 
{ Bel) 5% Chromium Air Hard............. Air 1200-1300 | 1725-1775 61-63 400-700 60-57 —d 
High Carbon-High Chromium-Cobalt Air 1200-1300 | 1800-1875 60-62 400-700 59-57 —4 
Shock-Resisting Tool Steels 
Chromium-Tungsten................. Oil 1200-1300 | 1650-1800 57-59 300-1000 57-45 —4 
Silicon-Molybdenum................ Water —b 1550-1575 60-62 300-500 60-54 ——< 
Oil —> 1600-1625 58-60 300-500 58-54 — 
Silicon-Manganese.................. Water —> 1550-1600 60-62 300-650 60-54 =A 
Oil —> 1600-1675 58-60 300-650 58-54 — 
Hot-Work Steels 
Chromium-Molybdenum-Tungsten. .. Oil, Air 1450-1500 | 1800-1900 53-55 1000-1100 51-43 —4 
Chromium-Molybdenum-V.......... Air 1450-1500 | 1825-1875 53-55 1000-1100 51-43 —d 
Chromium-Molybdenum-VV......... Air 1400-1450 | 1825-1875 53-55 1000-1100 51-43 —d 
BRUIT BUC IMME tee ict hte sg 2.8 dcs-ecs-s Oil, Air 1500-1550 | 2100-2150 50-52 950-1150 50-47 —4 
High-Speed Tool Steels 
MiuniestenmMlend i. eae Ns... Soot. 4 Oil, Air, Salt 1500-1550 | 2800-2375 63-65 1025-1100 65-63 —d 
Mune Emel Seder i eons cee ns Oil, Air, Salt 1500-1550 | 2300-2375 63-65 1025-1100 65-63 —4 
BUI BLED S AS eM ng. - cascrwicunspes 6 Ee Oil, Air, Salt 1500-1550 | 2300-2375 63-65 1025-1100 65-63 —4 
Cobalt-Tungsten 14-4-2-5............ Oil, Air, Salt 1500-1550 | 2300-2375 63-65 1025-1100 65-63 a 
Cobalt-Tungsten 18-4-1-5............ Oil, Air, Salt 1500-1550 | 2300-2375 63-65 1025-1100 65-63 —4 
Cobalt-Tungsten 18-4-2-8............ Oil, Air, Salt 1500-1550 | 2300-2400 63-65 1050-1100 65-63 —¢ 
Cobalt-Tungsten 18-4-2-12........... Oil, Air, Salt 1500-1550 | 2300-2400 63-65 1050-1100 65-63 —4 
Molybdenum 8-2-1.................. Oil, Air, Salt 1400-1500 | 2150-2250 63-65 1025-1050 65-63 —4 
Molybdenum-Tungsten 6-6-2......... Oil, Air, Salt 1450-1500 | 2175-2250 63-65 1025-1075 65-63 =e 
Molybdenum-Tungsten 6-6-3......... Oil, Air, Salt 1450-1500 | 2150-2225 63-65 1025-1075 65-63 —4 
Molybdenum-Tungsten 6-6-4......... Oil, Air, Salt 1450-1500 | 2150-2225 63-65 1025-1075 65-63 —A 
Cobalt-Molybdenum-Tungsten 
G02 Satire ss $a. Masaru) oes Oil, Air, Salt 1450-1500 | 2225-2275 63-65 1025-1100 65-63 —d 


* The purpose of these columns is to show the usual ranges of temperature employed in hardening and tempering and is not to be used as a specification. 
> Yor large tools and tools having intricate sections, preheating at 1050 F to 1200 F is reeommended. 
© Use moderately oxidizing atmosphere in furnace or a suitable neutral salt bath. 
Use protective pack from which volatile matter has been removed, carefully balanced neutral salt bath, or atmosphere controlled furnaces. In the latter case, the furnace 
atmosphere should be in equilibrium with the carbon content of the steel being treated. Furnace atmosphere dew point is considered a reliable method for measuring and con- 
trolling this equilibrium. 


(Continued on next page.) 
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erly designed from the standpoint of heat-treatment when the 
entire piece may be heated and cooled at approximately the same 
rate during the heat-treating operation. Perfection in this regard 
is unattainable because, even in a sphere, the surface cools more 
rapidly than the interior. The designer should, however, attempt 
to so shape his parts that they will heat and cool as uniformly as 
possible. The greater the temperature difference between any two 


points on a given part during quenching and the closer these two 
points are together, the greater will be the internal stresses and, 
therefore, the poorer the design. 

The principles described in this article are illustrated in Fig. 1. 


(Text continued after Table 4.) 


CORNERS 
CORNERS 
DO DO NOT 


USE FILLETS & RADI USE SHARP CORNERS 


PARTS 
DO 


DO NOT 
USE FILLETS & RADI| USE SHARP CORNERS 


INTERNAL OR ee i 
EXTERNAL SPLINES 
OR KEYWAYS 

DO DO NOT 


USE FILLETS & RAOW USE SHARP CORNERS 


a ge 4 


EMBOSSING ‘DIES 
D DO NOT 
USE ROUNDED CORNERS USE SHARP CORNERS 
OR EDGES OR EDGES 


RECESSED SCREW 
OR BOLT HOLES 


DO DO NOT 
USE FILLETS & RADII USE SHARP CORNERS 


SECTION BALANCE 


ae Se | | 
DO 
() oe] fo oOo} 
HEAVY AND (ey 
LIGHT SECTIONS 
° o} joo 
DO 


DO NOT 
USE INSERTSIF SHARP —«USE_ INTEGRAL 
ANGLES ARE NECESSARY = PROJECTIONS 


N 
SEPARATE HEAVY FROM DESIGN HEAVY AN! 
LIGHT SECTIONS LIGHT SECTIONS. 


AS SINGLE UNIT 
° 0 
LAYOUT Ree Seis 
DESIGN papal 
foe) fe) O° 
DO DO NOT 
MAINTAIN CROWD OPENINGS INTO 
UNIFORM SECTIONS SMALL CLUSTERS 
ALY 
BLANKING AA Zz ae 
DIE BALANCE ALA AY 
D DO NOT 
BALANCE SECTION BY © USE UNBALANCED 
ADDING OPENINGS SECTION 
NOTCH 
EFFECT 


DO DO NOT 
SPACE @UTTING EDGES = PUT_"“STRESS 
FOR MOST UNIFORM RAISERS" IN 
STRENGTH A COMMON LINE 


Fig. 1—Toot anp Diz Desien Tips (To Repuce Breakacs In Heat-TREATING) 
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TABLE 4—Forging, Normalizing, and Annealing Treatments of Tool and Die Steels 


f FORGING? NORMALIZING® ANNEALING 
STEEL® A ae 
| Do not . PDrOEL Approxi- 
aie eae Al forse ates oy Hold at Temperature resrrpec ages Brine Rockall B 
F/hr 
Water-Hardening Tool Steels 
elt) (Cay OrOTRGL eed 1450 1800-1950 1500 1450 1500 1400-1450 75 159-202 84-94 
MEU CES OUST, 3.5 1 eee 1450 1800-1950 1500 1450 1500 1375-1425 75 159-202 84-94 
INO0) CEO. son be eee 1450 1800-1900 1500 1450 1550 1400-1450 75 159-202 | 84-94 
12D «Chil ove 5. ieee ee 1450 1800-1900 1500 1450 1625 1400-1450 75 159-202 84-94 
WROOMOSTOONV ene. ce le ee bes 1450 1800-1950 1500 1450 1500 1375-1425 75 159-202 84-94 
AMO HTDONGV eect es hese ss 1450 1800-1900 1500 1450 1550 1400-1450 75 159-202 | 84-94 
BROOM @AEDOMAVIVie eh eis se ae * 1450 1800-1900 | 1500 1450 1550 1400-1450 75 159-202 | 84-94 
Oil-Hardening Tool Steels 
Low Manganese.................... 1500 1750-1900 1550 1500 1600 1425-1475 50 183-212 | 90-96 
HivgheManpaneses cc as s..4-ck ee so 1500 1750-1900 | 1550 1500 1550 1375-1425 50 183-212 | 90-96 
High Carbon-High Chromium...... 1650 1850-2000 | 1650 Do not normalize 1600-1650 50 212-255 | 96-102 
‘CUIGINIINS ..6otn so 1500 1800-2000 1550 1550 1650 1450-1500 50 174-212 | 88-96 
Molybdenum Graphitic............. 1500 1750-1900 1500 1500 1625 1425-1475 20 183-217 | 90-96 
Niekel-Chromium eso... oes cen 1500 1800-2000 1600 1550 1650 1400-1450 50 183-212 | 90-96 
Air-Hardening Tool Steels 
| High Carbon-High Chromium...... 1650 1850-2000 | 1650 | Do not normalize 1600-1650 40 207-255 | 95-102 
: 6% Chromium Air Hard... ...+...«. 1600 1850-2000 | 1650 Do not normalize 1550-1600 40 202-229 | 94-98 
High Carbon-High Chromium- 
| Oo baltwo 85k o acschitenr. 1600 1850-2000 | 1650 Do not normalize 1600-1650 40 207-255 | 95-102 
| | | Shock-Resisting Tool Steels 
Chromium-Tungsten............s...} 1500 1800-2000 | 1600 Do not normalize 1450-1500 50 192-235 | 92-99 
Silicon-Molybdenum............... 1500 1900-2100 | 1600 1500 1650 1400-1450 50 192-229 | 92-98 
y Silicon-Manganese................. 1500 1900-2050 | 1600 1500 - 1600 1400-1450 50 192-229 | 92-98 
Hot-Work Tool Steels 
Chromium-Molybdenum-Tungsten..} 1650 1950-2100 | 1650 Do not normalize 1600-1650 50 192-229 | 92-98 
Chromium-Molybdenum-V......... 1650 1950-2100 | 1650 | Do not normalize 1550-1600 50 192-229 | 92-98 
Chromium-Molybdenum-VV........ 1650 1950-2100 | 1650 | Do not normalize 1550-1600 50 192-229 | 92-98 
BIN ret CLT ins ne reeks A leew. 1600 2000-2150 | 1650 | Do not normalize 1600-1650 50 202-235 | 94-99 
High-Speed Tool Steels 
hia eerste oN RSE Eh 1600 1950-2100 | 1750 | Do not normalize 1600-1650 50 217-255 | 96-102 
PRungstemel S42 eee ae weg ye weenie 1600 2000-2150 | 1750 | Do not normalize 1600-1650 50 223-255 | 97-102 
1) EMM PSL eNMUSet ie <.n gt sss eta els abl. 1600 2000-2150 | 1750 Do not normalize 1600-1650 50 229-255 | 98-102 
; Cobalt-Tungsten 14-4-2-5........... 1600 2000-2150 | 1750 | Do not normalize 1600-1650 50 229-255 | 98-102 
Cobalt-Tungsten 18-4-1-5........... 1600 2000-2150 | 1750 | Do not normalize 1600-1650 50 229-255 | 98-102 
Cobalt-Tungsten 18-4-2-8........... 1600 2000-2150 | 1800 Do not normalize 1600-1650 50 248-293 | 102-106 
Cobalt-Tungsten 18-4-2-12.......... 1600 2000-2150 | 1800 Do not normalize 1625-1675 50 248-293 | 102-106 
iio yl sfekeveh Fise (cx Nae 5 4 1500 1900-2050 | 1700 Do not normalize 1525-1600 50 207-248 | 95-102 
| Molybdenum-Tungsten 6-6-2........ 1500 1950-2100 | 1700 | Do not normalize 1550-1625 50 217-248 | 96-102 
| Molybdenum-Tungsten 6-6-3........ 1500 2000-2150 | 1700 Do not normalize 1550-1625 50 223-255 | 97-102 
Molybdenum-Tungsten 6-6-4........| 1500 2000-2150 | 1700 Do not normalize 1550-1625 50 229-255 | 98-102 
Cobalt-Molybdenum-Tungsten 
LOSI ae ae : ..| 1500 1950-2100 1750 Do not normalize 1550-1625 50 235-277 | 99-104 


® These tool and die steels are the same as those listed in Table 1 of this SAE Recommended Practice. 
The temperature at which to start forging is given as a range, the higher side of which should be used for large sections and heavy or rapid reductions and the lower side for 
smaller sections and lighter reductions. As the alloy content of the steel increases, the time of soaking at forging temperature increases proportionately. Likewise, as the alloy con- 
tent increases, it becomes more necessary to cool slowly from the forging temperature. With very high-alloy steels, such as high-speed steels or air-hardening steels, this slow cool- 
Bs Saipan te order to prevent cracking and to leave the steel in a semi-soft condition. Hither furnace cooling or burying in an insulating medium, such as lime, mica, or 
cel, is satisfactory. 
© The length of Tes the steel is held, after being uniformly heated through at the normalizing temperature, varies from about 15 min for a small section to about 1 hr for 
large sizes. Cooling from the normalizing temperature is done in still air. The purpose of normalizing after forging is to refine the grain structure and to produce a uniform struc- 
ture throughout the forging. Normalizing should not be confused with low-temperature (about 1200 F) annealing used for the relief of residual stresses resulting from heavy ma- 
chining, bending, and forming. : : 
The annealing temperature is given as a range, the upper limit of which should be used for large sections and the lower limit for smaller sections. The length of time the steel 
is held after being uniformly heated through at the annealing temperature varies from about 1 hr for light sections and small furnace charges of carbon or low-alloy steel, to about 
4 hr for heavy sections and large furnace charges of high-alloy steel. 
For information on the forging and heat-treating of tool steel, see ASM Handbook, 1948 edition, pp. 653-655. 
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Allowance for Machining of Tool-Steel Bars’—Tool and die 
steels should be ordered oversize with sufficient material to be 
removed from all surfaces by machining or grinding to allow for: 

(a) Surface decarburization. 

(b) Surface defects such as slivers, seams, laps, scale marks, 


2 Tn cooperation with AISI. 


TABLE 5—Minimum Allowance 
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and the like. 

(c) Undersize tolerance as given in Tables 6, 7, 8, and 9. 

Table 5 lists the minimum allowance per side over finish size 
for machining or grinding rounds, squares, hexagons, and 
octagons. 

Polished or ground tool-steel quality round drill rod is free from 
decarburization or any surface defects requiring surface removal. 


TABLE 6a—Tool-Steel Size Tolerances for Hot-Rolled Bars 
(Rounds, Squares, Octagons, and Hexagons) 


| MINIMUM ALLOWANCE ON ONE SIDE, IN. SPECIFIED SIZES, IN. PERMISSIBLE VARIATIONS FROM SIZE, IN. 
SIZE, IN. 
e T d . 
saled! [inet Va lprateedall Grea loerosaa ets including ss ee bce 
ALOLLGuATIC pegee er csiee ane 8e.cots 0.020 — — 0.020 | 0.005 = ‘ik 0.005 0.012 0.010 
Over 4% to linel.........| 0.040 == = 0.040 | 0.010 iy 1 0.010 0.016 0.013 
Over 1 to 2inel..,.........) 02060. | 0.090 = 0.060 | 0.015 1 14 0.012 0.020 0.018 
| Over 2 to 3 incl..........| 0.080 | 0.120 | 0.025 | 0.080 | 0.020 144 2 ~0.015 0.025 0.021 
| Over 3 to 4incl..........| 0.100 | 0.150 | 0.030 | 0.100 | 0.025 2 216 0.020 0.030 0.025 
Over 4 to 6 incl..........| 0.187 | 0.190 | 0.045 aS = 216 3 0.020 0.040 0.030 
| Over 6 to 8 inel..........| 0.250 | 0.250 | 0.060 = = 3 4 0.025 0.050 0.035 
1 OveriSirr ats ace veel) 0.250 | 0.090 = == 4 5 0.025 0.060 0.035 
TABLE 6b—Tool-Steel Size Tolerances for Hot-Rolled Flats 
PERMISSIBLE VARIATIONS, IN. 
SPECIFIED WIDTHS, IN. 
Width Variation from thickness for thickness given, in. 
T O % to’ O % tol Over 1 to 2 
ioe To an a ae eth o% ver 14 to ver 4% to er 1 to 
Under Over Under Over Under Over Under Over 
— 1 64 Yo 0.006 0.010 0.008 0.012 0.010 0.016 0.020 0.020 
1 2 49, 364 0.006 0.014 0.008 0.016 0.010 0.020 0.020 0.024 
2. 4 3 Yo 3a 0.006 0.018 0.008 0.020 0.010 0.024 0.020 0.027 
3 4 364 Ye 0.008 0.020 0.010 0.022 0.013 0.024 0.024 0.030 
f 5 364 Ye 0.010 0.020 0.012 0.024 0.015 0.030 0.027 0.035 
5 6 Ye Bo 0.012 0.020 0.014 0.030 0.018 0.030 0.030 0.035 
TABLE 7a—Tool-Steel Size Tolerances for Hammered Flats 
PERIMISSIBLE VARIATIONS, IN, 
SPECIFIED WIDTH, IN. Variation from thickness for thicknesses given, in. 
Width 
Tol Over 1 to 3 Over 3 to5 Over 5 to7 Over 7 
Over ieee Under Over Under Over Under Over Under Over Under Over Under Over 
1 3 0.031 0.078 0.016 0.031 0.031 0.078 _ — = — — — 
3 5 0.062 0.125 0.081 0.062 0.047 0.094 0.062 0.125 i — —_ — 
5 7 0.125 0.187 0.047 0.094 0.062 0.125 0.078 0.156 0.125 0.187 _— — 
7 a 0.187 0.312 0.062 0.125 0.078 0.156 0.094 0.187 0.156 0.219 0.187 0.312 


(Continued on next page.) 


TABLE 7b—Tool-Steel Size Tolerances for Hammered Bars 
(Rounds, Squares, Octagons, and Hexagons) 
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TABLE 10b—Tool-Steel Size Tolerances for Drill-Rod Squares 
Flats, Hexagons, and Octagons (Cold Drawn) 


i PERMISSIBLE VARIATIONS FROM SIZE, IN. 
SPECIFIED SIZES, IN. 
Under Over 
1 
| rvrermsator2ene] Marat sf. be ce 0.030 0.060 
iMOver 2'to Sine... ............. 0.030 0.080 
| (ONE BI ey Gy hoVe) (eee 0.060 0.125 
[Over o topminelis.s.. 0.05.0... 0.125 0.187 
| Overri. 2+ a ee 0.187 0.312 


TABLE 8—Tool-Steel Size Tolerances for Cold-Drawn 
Bars and Flats 


ROUNDS, OCTAGONS, QUARTER OCTAGONS, SQUARES, FLATS 
7 


HEXAGONS 
\ 
= ) . . Permissible variation . . Permissible variation 
ty 
; fi : A 3 . 
f Specified sizes, from size, in., Specified sizes, from size, in., 


mM. 


2 plus or minus 


plus or minus 


234 to 1 0.003 Over 1144 0.004 
H 310 to 4 0.0025 14% to %4 0.003 
| 1340 to 4 0.002 3% to \% 0.002 


TABLE 9—Tool-Steel Size Tolerances for Centerless Ground 
Bars, Rounds 


PERMISSIBLE VARIATIONS FROM SIZE, 


SPECIFIED SIZES, IN. IN., PLUS OR MINUS 


234 to 4 0.002 
1542 to 0.0015 


| TABLE 10a—Tool-Steel Size Tolerances for Drill-Rod Rounds 
| (Polished or Ground) 


PERMISSIBLE VARIATIONS FROM SIZE, IN. 


SPECIFIED SIZES, IN. : 
Standard manufacturing] Special manufacturing 
tolerance, plus or minus | tolerance, plus or minus 


11.500 to 0.500............. 0.001 0.0005 
19.499 to 0.125............. 0.0005 0.00025 
| 0.124 and smaller......... 0.0003 0.0002 


PERMISSIBLE VARIATIONS FROM SIZE, 


SPECIFIED SIZES, IN, 
IN., PLUS OR MINUS 


0.0015 


1 to % 
16 to 4 0.001 
Smaller than 4 0.0005 


Standards for Austenitic Grain Size of Tool and Die Steels— 
It is recommended that the following methods be used for the de- 
termination of austenitic grain size of hardened tool steels: 

Carbon Tool Steels—the Shepherd penetration-fracture test. 

High-Speed Tool Steels—the Snyder-Graff intercept method. 

The Shepherd Penetration-Fracture Test—This test is used to 
determine hardenability and fracture grain size on tool and die 
steels. It is generally applied to carbon tool steels. To perform the 
test, a sample is machined to 34 in. diameter x 3 in. long and 
pretreated by holding at 1600 F for 30 min and quenching in oil, 
followed by a retreatment by holding for 30 min at 1450 F, then 
quenching in brine. The specimen is notched midway and frac- 
tured by impact. 

The penetration of hardening is measured in 64ths of an inch 
on half of the fractured sample after grinding and etching lightly 
in hot 50% hydrochloric acid solution. 

The grain size is judged by comparing the surface of the frac- 
ture of the hardened case with Shepherd fracture grain-size 
standards. 

The Snyder-Graff Intercept Method for Grain Size—This pro- 
cedure covers the determination of austenitic grain size in har- 
dened high-speed steels. 

To perform the test, a sample is hardened by the recommended 
procedure and prepared in the usual manner for metallographic 
examination. The etchant to be used is a mixture of 10% hydro- 
chloric acid, 8% nitric acid, and 87% methyl alcohol by volume. 
Etching may take from 2 to 10 min, depending on the composition 
and treatment of the steel. 

Grain-size classification is obtained by counting the number 
of grains intersected by a line 5.0 in. in length at 1000X. The 
average of ten such counts is the intercept grain count. 
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Are-Welding Electrodes 


SAE General Information 


Report of Iron and Steel and Nonferrous Metals Technical Committees approved October 1946. This SAE General Information Report is a con- 
densation of Tentative Specifications for Iron and Steel Arc-Welding Electrodes, ASTM A 233-45T. 


[As the applications of metal arc welding have greatly increased 
through the development of new and improved types of electrodes to 
perform specific jobs most efficiently, and as there are a number of 
manufacturers each producing his own line of product bearing 
various trade names, a classification specification for mild-steel 
electrodes covering a great majority of the electrodes produced was 
developed by the joint Committee on Filler Metals of the American 
Welding Society and the American Society for Testing Materials. 
This specification is identified as ASTM A 233, Specifications for 
Iron and Steel Arc-Welding Electrodes. 

The following condensed data from the complete specification is 
included in the SAE Handbook as a general guide to the complete 
specification for automotive users.] 


All of the electrodes, regardless of trade names, which meet all 
of the requirements of any of these classifications may be expected 
to have major characteristics which are very similar, if not identi- 
cal. Certain minor differences continue to exist among brands 
because of difference in production facilities and the usual differ- 
ences of opinion which exist in any field regarding specific operat- 
ing characteristics. 

These specifications involve only those requirements neces- 
sary to define the major characteristics of each type of electrode 
involved. Test procedures are used in some instances which do 
not duplicate production conditions; however, this is not peculiar 
to this series of specifications alone. Many specifications prescribe 
special procedures when it is necessary to eliminate variables. In 
the case of ASTM A 233, some may question the use of the so- 
called “hot-water procedure” in the welding of the specified 
butt-joint test assemblies. It is used because it is considered to 
be the most reliable and easily applied method of obtaining a 
uniform interpass temperature, regardless of where the work is 
being done. Control of interpass temperature is necessary since 
it has an effect upon the mechanical properties obtained from the 
specimens removed from the test assemblies. The size of test 
plate, location and number of passes, and stress-relieving pro- 
cedure are specified for the same reason. 

Electrode characteristics which determine its usability for 
various positions and purposes are: current and voltage range, 
current characteristics (alternating or direct current, straight or 
reversed polarity), weld-metal fluidity, mechanical characteristics 
of deposited weld metal, ability to render a sound weld, and satis- 
factory weld profile. 

The mechanics of the numbering system used in this specifica- 
tion is relatively simple. The letter ““E” precedes the number 
designations involving metal arc-welding electrodes. The first 
two digits of the electrode classification number designate the 
minimum allowable tensile strength in the stress relieved condi- 
tion, in thousands of pounds per square inch. This minimum 
tensile strength is, of course, to be found in the deposit from the 
largest diameter electrodes of that group after stress relief. The 
smaller electrodes of this group might easily have more than the 
specified minimum tensile strength for the next higher series of 
classifications, but they would still be in this group. 

The number represented by the third and fourth digits desig- 
nates the positions in which the electrode is useful. As an example 


TABLE 1—Minimum Tensile Strength and Ductility 
Requirements for All-Weld-Metal Tension Test 


TENSION-TEST REQUIREMENTS OF MATERIAL 
DEPOSITED FROM 942-IN. TO M46-IN. 
ELECTRODE TREATMENT ELECTRODES, INCLUSIVEP 
CLASSIFICATION | OF WELDED 
NUMBER SPECIMEN 
Min tensile Min yield Min elongatior 
strenth, psi point, psi | in 2 in., % 

E4510 NSR 45,000 |\Not specified| 5 

E4520 NSR 45,000 |Not specified 5 

E6010 SR 60, 000 47,000 27 

NSR 62, 000 52,000 22 

E6011 SR 60,000 47,000 27 

' NSR 62,000 52,000 22 

E6012 SR 60,000 47,000 22 

NSR 62,000 52,000 17 

E6013 —SR - 60 , 000 47,000 22 

NSR 62,000 52,000 17 

E6020 SR 60 , 000 47,000 30 

NSR 62, 000 52,000 25 

E6030 SR 60,000 47,000 30 

NSR 62,000 52,000 25 

E7010 SR 70,000 57,000 22 

E7011 SR 70,000 57 , 000 22 

E7012 SR 70,000 57,000 18 

E7020 SR 70,000 57 , 000 25 

E7030 SR 70,000 57 ,000 25 

E8010 SR 80, 000 67,000 19 

E8011 SR 80, 000 67,000 19 

E8012 SR 80,000 67,000 16 

E8020 SR 80, 000 67,000 22 

E8030 SR 80,000 67 ,000 22 

E9010 SR 90,000 77,000 Aigg 

E9011 SR 90,000 77,000 17 

E9012 SR 90 , 000 77,000 14 

E9020 SR 90 , 000 77,000 20 

E9030 SR 90,000 77,000 20 

E10010 SR 100,000 87,000 16 

E10011 SR 100,000 87,000 16 

E10012 SR 100,000 87,000 13 

E10020 SR 100,000 87,000 18 

E10030 SR 100,000 87 ,000 18 


* The abbreviations SR and NSR signify stress-relieved and non-stress-relieve¢ 
respectively. Stress-relieving shall be within the range of 1150 + 25 F for 1 hr per ine 
of thickness. Specimens shall be heated in a suitable furnace at the rate of 300 to 3: 
F per hr until a temperature of 1150 + 25 F has been attained. After this temperatu) 
has been reached, it shall be maintained for 1 hr for each inch or fraction thereof of tk 
maximum thickness of the section. The specimens shall be cooled at the same ra‘ 
specified for heating and may be removed from furnace when the temperature of tl 
plates has reached 300 F. F 

b The tension-test requirements of material deposited from 34-in. electrodes sha 
be the same as that indicated for 542-in. to %“e-in. electrodes, except that the tensi 
strength and yield point shall be 95% of that prescribed in Table 1. 


of this, reference to the E60 group of the classification tabl 
(Table 1) will establish the following facts: 

Classification E6010 designates an all-position electrode (i 
diameters up to and including 3/¢ in. only) useful with direc 


| current, reversed polarity only. This same statement refers to 
' all other “10” classifications, for instance E7010, or E8010. 

Classification E6011 is the alternating-current counterpart of 
the E6010 electrode. This again is an all-position electrode (in 
diameters up to and including 3/¢ in. only) having the normal- 
voltage are and the deep penetration of the E6010 group. 

Classification E6012 is also an all-position electrode (in diam- 
eters up to and including 3/¢ in. only) useful with alternating 
current and direct current, either polarity. 

Classification E6013 is an all-position electrode characterized 


| by a low-voltage are with its consequent lack of penetration. 


This classification of electrode and E6012 are the easiest to use 
in all positions, particularly because of their ability to bridge gaps. 

The £6020 and E6030 classifications are very similar, the latter 
producing deposits of the maximum fluidity and therefore useful 
only in flat welding. E6020 electrodes give slightly less fluid 
deposits and therefore can also be used in the making of horizontal 
fillets (in diameters up to and including 34 in. only). Obviously, 


| any 6020 electrode will fulfill the requirements of the E6030 


‘ class, but the reverse is not true. 
_ The minimum tensile strength and ductility requirements for 


| all-weld-metal tension tests are shown in Table 1 for the various 


electrode classifications. 
E6010, All-Position, Direct Current, Reversed Polarity Only 


| —-This class of electrode is designed to produce the best possible 
| mechanical properties consistent with good usability character- 


' istics in all welding positions. It is characterized by a deeply pene- 
_ trating, forceful, spray-type are and readily removable, thin 
friable slag. Fillet welds are usually relatively flat in profile and 


| have a rather coarse, unevenly spaced ripple. The electrode 


covering is high in cellulose, usually exceeding 30% by weight, 
which accounts for its being referred to often as the cellulosic 
| type. The other materials generally used in the covering include 
titanium dioxide, various types of magnesium or aluminum sili- 


| cates, metallic deoxidizers such as ferromanganese, and liquid 


sodium silicate. The core wire is usually a rimmed steel containing 
_ 0.10-0.14% carbon, 0.40-0.60% manganese, 0.04% maximum 
_ sulfur and phosphorus, and 0.025% maximum silicon. 

This classification is always recommended for all-position work 


i 


| where the quality of the deposit is of greatest importance, particu- 


larly on multipass applications in the vertical and overhead posi- 
’ tion, where radiographic requirements must be met. While the 
majority of its applications are on mild steel, it has been used to 
advantage on galvanized plate and on some low-alloy steels. 
' Sizes larger than 3{¢ in. are not generally used in all positions. 

Mechanical properties to be expected when deposited in accord- 
ance with the test procedure prescribed in specification are shown 


«| in Table 2. 


TABLE 2—Mechanical Properties of E6010 Electrodes 


AS WELDED STRESS RELIEVED 


62,000-70,000 | 60,000-67 ,000 
52,000-58,000 | 47,000-54 ,000 


| Tensile Borencuhye psi... £401. 2 
Wield strength) psi-...... 2)... 


Elongation in 2 in.,%.......... 22-28 27-34 
Reduction of area, %........... 35 45 
Impact resistance, ft-lb, Izod... 50-70 
| Endurance limit, psi............ 28, 000-32 , 000 
Density, gm percc............. 7.82-7.86 
Brinell hardness................ 140-160 
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Since this type of electrode contains no alloy ingredients other 
than those usually contained in the core wire, the chemical com- 
position of the deposited metal uncontaminated by plate material 
will usually show less carbon and manganese than the core wire. 
The phosphorus and sulfur will not exceed 0.04% each. The 
silicon content, however, will be higher than that of the core wire 
and, in the case of some brands, may approach 0.30%. 

E6011, All-Position, Alternating and Direct Current, Reversed 
Polarity—This classification of electrodes is designed to duplicate 
the usability characteristics and mechanical properties of the 
E6010 classification using alternating current as the source of 
power. Although also usable on direct current, reversed polarity, 
a sacrifice in usability characteristics will be noted when com- 
pared to the E6010 electrode. When used with direct current, 
straight polarity, further sacrifice in usability characteristics is 
noticed. Penetration, are action, slag, and fillet-weld appearance 
are very similar to those of E6010 electrode. 

The covering is also high in cellulose. In addition to the other 
ingredients usually found in the E6010 electrode coverings, small 
quantities of calcium and potassium are usually present. The 
core wire used, so far as is known, is identical with that used in 
E6010 electrodes. This type of electrode has been designed to 
permit the use of alternating current with its inherent advantages 
on all of the applications previously possible only with E6010 
type electrode and direct current. 

The range of mechanical properties to be expected is the same 
as 6010, although the tensile strength and yield strength are 
somewhat higher as shown in Table 3. 

The chemical composition of deposited metal will fall within 
the same ranges as described in the section on E6010 electrodes. 


TABLE 3—Tensile and Yield Strengths of E6011 Electrodes 


AS WELDED STRESS RELIEVED 
Tensile strength, psi... . 62, 000-73 , 000 60, 000-70 , 000 
Yield strength, psi......| 52,000-61,000 50 , 000-58 , 000 


E6012, All-Position, Alternating and Direct Current, Straight 
Polarity—The E6012 type of electrode is characterized by me- 
dium penetration, a rather quiet type of arc, slight spatter, and 
dense slag. The covering is high in titania, usually exceeding 35% 
by weight, which accounts for the electrode usually being re- 
ferred to as the Titania or Rutile type. In addition, the covering 
usually contains various silicious materials such as feldspar and 
clay, small amounts of cellulose, ferromanganese, and sodium 
silicate as a binder. Also, small amounts of calcium compound 
may be used to produce satisfactory arc characteristics on straight 
polarity. The core wire is identical with that used on E6010 
and E6011 type electrodes. Whereas single-pass welds may meet 
radiographic requirements, multiplass welds fall far short. 

Fillet welds tend to be convex in profile, having a smooth even 
ripple in the horizontal position, and a widely spaced convex 
ripple in the vertical position which becomes smoother and more 
uniform as the size of the weld is increased. Ordinarily a larger 
size fillet must be made in the vertical and overhead positions 
than with E6010 and E6011 electrodes of the same diameter if 
good fusion and profile are to be obtained. 

Although this is an all-position type, it is only recommended 
for vertical and overhead work where more ductile weld metal is 
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considered unnecessary. It is specifically recommended for single- 
pass horizontal fillet welds where weld-metal quality permits 
because of the ease of handling, good weld profile, and ability to 
withstand high welding currents. It is probably the most satis- 
factory type for work involving poor fit-up. Wide gaps can be 
bridged quite readily. Its penetration characteristic is too high 
for best results on stock thicknesses less than 0.1 in. 

This electrode has been used to advantage on many low-alloy 
steels, particularly of the higher carbon varieties. This is probably 
due to its lower penetration than that obtained with the E6010 
or E6011 types, which results in less pickup of alloying ingredi- 
ents. Higher currents can be used with this type of electrode than 
can be used with any of the other all-position types. 

The weld metal deposited by this electrode is lower in ductility 
and higher in yield and tensile strength than either E6010 or 
E6011 electrodes. The range of mechanical properties to be ex- 
pected when welding in accordance with the test procedures 
prescribed in the specifications are shown in Table 4. 

The chemistry of the deposited metal does not vary very 
greatly from that obtained from the E6010 or E6011 types. How- 
ever, microscopic examination will disclose the fact that the weld 
metal contains far more nonmetallic inclusions. 


TABLE 4—Mechanical Properties of E6012 Electrodes 


AS WELDED STRESS RELIEVED 


Tensile strength, psi............ 
Yield strength, psi.............. 


62,000-78,000 | 60,000-75 ,000 
52,000-65,000 | 50,000-60,000 


Hlongation in 2m. %......2...- 17-22 22-27 
Reduction of area, %............ 25 30 
Impact resistance, ft-lb, Izod... 25-50 


Not determined 
7.80-7.85 
150-170 


Endurance limit, psi............ 
Density, gmsaper eG... 1.5.2 
Brinell hardness................ 


E6013, All-Position, Alternating and Direct Current, Straight 
Polarity—The E6013 type of electrode, although similar to the 
E6012, possesses worthwhile differences. Slag removal is some- 
what better, and the are can be established and maintained 


more readily, particularly in the case of the smaller diameters, _ 


thus permitting satisfactory operation with lower open-circuit 
voltage. This type of electrode was designed specifically for ight 
sheet-metal work. The usability test for this class of electrode is 
quite successful in selecting the most desirable rods for light sheet- 
metal work. Even less penetration is obtained than with the 
E6012 electrode and permits successful welding on much lighter 
gages. 

The coverings used are very similar to those of E6012 contain- 
ing rutile, silicious materials, cellulose, ferromanganese, and 
liquid silicate binders. An important difference is that easily 
ionized materials are incorporated in the coating, which permits 
the establishment and maintenance of an arc with alternating 
current at low welding currents and low open-circuit voltages. 

It is very similar to the E6012 type in operation and appearance 
of deposit when used in an identical manner, but the are tends to 
be quieter and the deposits more polished in appearance. It is 
generally recommended for sheet-metal applications where its 
ability to weld satisfactorily in the vertical position from the top 
down without leaving surface holes or burning through is an ad- 
vantage. Small diameters are very satisfactory for air-frame con- 


struction in which case the electrode is usually used with direct 
current, straight polarity. However, because of unsatisfactory 
performance on galvanized plate and decidedly less penetration 
E6010 and E6011 classification for this type of electrode is im 
possible. The range of mechanical properties to be expected wher 
welding in accordance with the test procedures prescribed in th 
specifications is shown in Table 5. 


TABLE 5—Mechanical Properties of E6013 Electrodes 


AS WELDED STRESS RELIEVED 


Tensile strength, psi............| 62,000-72,000 | 60,000-70,000 
Yield strength, psi..............| 52,000-58,000 | 50,000-56 ,000 
Klongation in '2in.,%.......... 17-22 22-27 
Reduction of area, %........... 30 35 


Impact resistance, ft-lb, Izod... Not determined 
Endurance limit, psi............ Not determined 
Density, gm per cc.............. 7.80-7.84 
Brinell hardness. ......:......... 140-160 


The chemistry of the deposited metal is very similar to tha 
obtained from the E6012 type. However, the weld metal ; 
definitely less dirty from the standpoint of slag and oxide in 
clusions. 


Weld to be madle in 
horizontal position 


Weld to be made 
vertical olown 


Fig. 1—Usasinity Test ror 16013 ELecrropEe 


Usability Test, Joint No. 1 for 549-In. Electrode—All member 
are 16 gage metal, 3 x 15 in., and are welded with 54»-in. elec 
trode. The “T”’ fillet is to be vertical down and the flange wel 
is to be horizontal. Both joints are to have not more than 109 
draw back or sag on the back of the weld. (See Fig. 1.) 

Usability Test, Joint No. 2 for 34-In. Electrode—The vertices 
member of the “T”’ is to be 16 gage sheet metal and the othe 
two members to be 14 gage. A 3/¢-in. electrode is to be used vert 
cal down on the “T”’ fillet and horizontal on the flange welc 
Both joints are to have not more than 10% draw back or sag 0 
the back of the weld. (See Fig. 1.) 

This type of electrode must have the following characteristic 
when used by the average skilled operator. 

1. Welds must be sound and of good appearance. 

2. Slag must be easily removable. 


(Continued on next page.) 
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3. Welds must have complete fusion. 

4. Perceptible undercut may not exceed a continuous length 
of 3 in. in any one place. 

5. The electrode must be capable of fulfilling the conditions 
outlined herein and, otherwise, be equally useful on either al- 


ternating or direct currents in all welding positions. 


6. This type of electrode must be capable of fulfilling the above 
requirements on all thicknesses of mild steel from light sheet 


| metal to at least 14-in. plate. 


Caution—In cases where electrode is to be rejected, be sure that 


| the steel used in the test is not at fault before final deposition is 


made. This may be done by duplicating the test on the same 


material using a previously approved electrode. 


E6020, Horizontal Fillets and Flat Position, Alternating and 
Direct Current—This electrode is designed to produce flat or 
slightly concave horizontal fillets with either alternating current 
or direct current and fillets and groove welds in the flat position. 
It is characterized by a spray-type arc and a heavy slag, well 
honeycombed on the under side, which completely covers the 
deposit and can be readily removed. 

When normal welding currents and technique are employed, 
penetration is considered to be medium. However, the electrode 
is capable of operating satisfactorily at high currents, which 
results in deep penetration particularly when such a technique 
is employed as in deep-fillet welding. 

This is essentially a mineral-covered electrode. The slag-metal 
reactions are of such a nature that the electrode does not nor- 
mally depend on gaseous protection. The covering is such that 
an iron oxide, manganese oxide, silica slag is usually produced. 
Other constituents containing the oxides of aluminum, mag- 
nesium, or sodium are present to modify the slag. Ferromanganese 
is used as the main deoxidizer. The quantities of basic oxides, 
acid silica and silicates, and deoxidizers must. be carefully con- 
trolled to produce satisfactory operation and good weld metal. 

_ Sodium silicate is used as the binder. In most cases the core wire 
employed is the usual 0.10-0.14% carbon steel. Some exceptions 
do exist. 

This electrode is recommended for horizontal fillet for best 

_ quality and where rigid radiographic examination must be met. 
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High deposition rates can be obtained with high quality on flat 
fillet and groove welds in heavy plate. This type of electrode is 
not generally used on thin sections because of increased warpage 
resulting from the higher currents usually employed. 

The range of mechanical properties to be expected from the 
weld metal when deposited in accordance with the test procedures 
prescribed in the specifications are shown in Table 6. 


TABLE 6—Mechanical Properties of E6020 Electrodes 


AS WELDED STRESS RELIEVED 


62,000-68,000 | 60,000-66, 000 
52,000-58,000 | 47,000-53,000 


Tensile strength, psi............ 
Yield strength, psi.............. 


_Elongation in 2 in., %.......... 25-30 30-36 
Reduction of area, %........... 40 50 
Impact resistance, ft-lb, Izod. .. 50-70 
Endurance limit, psi............ 30, 000-34 , 000 
Density, gm per cc............. 7.82-7.86 
Brinell hardness................ 150-170 


E6030, Flat Position, Direct and Alternating Current—Any 
electrode designed to fulfill the requirements of the E6020 classi- 
fication will also fulfill the requirements of the E6030 classifica- 
tion. There are certain other electrodes with which horizontal 
fillet welding is impractical, if not impossible, but which do 
operate satisfactorily in the flat position and possess some ad- 
vantages. As a result, the E6030 classification is necessary. 

The slag produced is usually less dense but just as easily re- 
moved as that from the E6020 type. When using direct current, 
best results are obtained with reversed polarity. Generally speak- 
ing, this type of electrode is capable of showing higher deposition 
rates than the E6020 type. The coverings employed are similar to 
those of the E6020 type. 

The range of mechanical properties to be expected from the 
deposited metal when deposited in accordance with the test 
procedures prescribed in the specifications are identical with 
those expected of the E6020 class. 
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Shot for Peening 


SAE Recommended Practice 


Report of Production Division approved January 1946 and reassigned to Tron and Steel Technical Committee June 1946. 


[This SAE Recommended Practice provides standard shot-size 
numbers corresponding to the size of their respective screen apertures 
for the nominal screen with prefix letter P added. These screens are 
in accordance with the National Bureau of Standards series as gwen 
in ASTM E 11. The shot classifications, size designations, and test 
procedures were formulated by representatives of the shot and grit 
suppliers, manufacturers of shot-peening equipment, and automotwe 
users who constituted Division XX on Shot Peening of the Iron and 
Steel Technical Committee.] 


Shot should be round and solid as it has been found in practice 
that the round particles stand up better than the irregularly 
shaped particles. 

Maximum “Fines” allowed through smallest screen is 3%. 
See Table 1. The shot number is roughly the size of the shot 
pellets in thousandths of an inch. Percentages given are on the 
basis of weight as determined by the following tests. 

Testing Procedure—l. (a) A rotating and tapping type of 
testing machine shall be used. 

(b) The shaking speed shall be 275 to 295 rpm. 

(c) The taps per minute shall be 145 to 160, when tapping 
machines are used. 


2. The size of the sample shot shall be 100 gm, to be obtained 
from a representative quantity. 

3. (a) Screening sieves are to be in accordance with the Na- 
tional Bureau of Standards series as provided in ASTM E 11. 
They shall be of the 8-in. diameter series, of either standard 1-in. 
or 2-in. height. 

(b) The sieves shall be checked as required by testing with 
master shot samples, using the procedure outlined under Check- 
ing of Sieves. 

4. The time of test shall be 5 min, plus or minus 5 sec, for shot 
sizes up to and including U. 8. Standard Screen size 35; and 10 
min, plus or minus 5 sec, for finer screen sizes. 

5. Any alternate method agreed upon between the supplier 
and user which gives equivalent results will be acceptable. 

Checking of Sieves—The sieves shall be checked using master 
shot samples in accordance with Testing Procedure above. 

Master Samples—1. A set of master shot samples shall con- 
sist of one sample for each sieve of the series. 

2. Hach master shot sample shall weigh 44 lb. 

3. Each master shot sample shall check 99% between the size 
of aperture for the minimum on screen and the aperture of the 
next larger size screen. For example, the master shot sample 
for size P 28 shall check a minimum of 99% between aperture 
sizes 0.0280 and 0.0331 in. 


TABLE 1—Peening Shot Numbers and Screening Tolerances* 


A aeiee HIGH-LIMIT SCREEN OVERSIZE SCREEN NOMINAL SCREEN LOW-LIMIT SCREEN 
Rae Max shot Screen number and Max shot Screen number and Min shot Screen number and Max shot Screen number and 
retained, % aperture retained, % aperture retained, % aperture retained, % aperture 

P 157 0 344 (0.223) 2 4 (0.187) 90 5 (0.157) 5 6 (0.132) 
P 132 0 4 (0.187) 2 5 (0.157) 90 6 (0.132) 5 «© AOD) 
P iil 0 5 (0.157) 2 6 (0.132) 90 OLE) 5 8 (0.0937) 
P 93 0 6 (0.132) 2 fe (On) 90 8 (0.0937) 5 10 (0.0787) 
P 78 0 7 (0.111) 2 8 (0.0937) 90 10 (0.0787) 5 12 (0.0661) 
P 66 0 8 (0.0937) 2 10 (0.0787) 90 12 (0.0661) 5 14 (0.0555) 
P 55 0 10 (0.0787) 5 12 (0.0661) 85 14 (0.0555) 7 16 (0.0469) 
P 46 0 12 (0.0661) 5 14 (0.0555) 85 16 (0.0469) uf 18 (0.0394) 
P 39 0 14 (0.0555) 5 16 (0.0469) 85 18 (0.03894) hi 20 (0.0331) 
P 33 0 16 (0.0469) 5 18 (0.0394) 85 20 (0.0331) 7 25 (0.0280) 
P 28 0 18 (0.0394) 5 20 (0.0331) 80 25 (0.0280) 12 30 (0.0232) 
P 23 0 20 (0.0331) 5 25 (0.0280) 80 30 (0.0232) 12 35 (0.0197) 
P19 0 25 (0.0280) 5 30 (0.0232) 80 35 (0.0197) 12 40 (0.0165) 
P 16 0 30 (0.0232) 5 35 (0.0197) 80 40 (0.0165) 12 45 (0.0138) 
P 13 0 35 (0.0197) 5 40 (0.0165) 75 45 (0.0138) 17 50 (0.0117) 
P ii 0 40 (0.0165) 5 45 (0.0138) 75 50 (0.0117) 17 60 (0.0098) 
P9 0 45 (0.0138) 5 50 (0.0117) 70 60 (0.0098) 22 70 (0.0083) 
P8 0 50 (0.0117) 5 60 (0.0098) 70 70 (0.0083) 22 80 (0.0070) 
iP yy 0 60 (0.0098) 5 70 (0.0083) 70 80 (0.0070) 22 100 (0.0059) 
P6 0 70 (0.0083) 5 80 (0.0070) 70 100 (0.0059) 22 120 (0.0049) 


* Per cent of total sample by weight retained on each pertinent screen. 


Tl 
| ing machine shall be used. 


[This SAE Recommended Practice provides for standard shot and 
grit size numbers. For shot, this number corresponds with the aper- 
ture size of the nominal screen. For grit, this number corresponds 


| with the number of the nominal screen with the prefix G added. 


These screens are in accordance with the National Bureau of Stand- 


| ards series as given in ASTM E 11. 


The accompanying shot and grit classifications and size designa- 
tions were formulated by representatives of shot and grit suppliers, 
blast-cleaning equipment manufacturers, and automotive users who 
bonstituted the Shot Peening Division of the Iron and Steel Tech- 
cical Committee. | 


Shot for Cleaning—Cleaning shot should be round and solid, 
as it has been found in practice that the round particles stand 
up better than the irregularly shaped particles. 
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SAE Recommended Practice 


Report of Production Division approved January 1946 and last revised by Iron and Steel Technical Committee January 1949. 


2. The size of the sample shot shall be 100 gm, to be obtained 
from a representative quantity. 

3. (a) Sereening sieves are to be in accordance with the Na- 
tional Bureau of Standards series as provided in ASTM E11. 
They shall be of the 8-in. diameter series, of either standard 
1-in. or 2-in. height. 

(b) The sieves shall be checked as required by testing with 
master shot samples, using the procedure outlined under Check- 
ing of Sieves. 

4. The time of test shall be 5 min, plus or minus 5 sec, for 
shot sizes up to and including U. 8S. Standard Screen size 35; 
and 10 min, plus or minus 5 see, for finer screen sizes. 

5. Any alternate method agreed upon between the supplier 
and user which gives equivalent results will be acceptable. 

Checking of Sieves—The sieves shall be checked using master 
shot samples in accordance with Testing Procedure. 


machines are used. 


(b) The shaking speed shall be 275 to 295 rpm. 
(c) The taps per minute shall be 145 to 160, when tapping 


) 


| The shot number is roughly the size of the shot pellets in ten 
| thousandths of an inch. See Table 1. 
Testing Procedure—1. (a) A rotating and tapping type of test- 


Master Samples—1. A set of master shot samples shall consist 
of one sample for each sieve of the series. 
2. Each master shot sample shall weigh 14 lb. 
3. Each master shot sample shall check 99% between the size 
of aperture for the minimum on screen and the aperture of the 
next larger size screen. 


Grit for Cleaning—See Table 2. 


TABLE 1—Cleaning Shot Numbers and Screening Tolerances* 


SHOT NO. ON SCREEN eo THRU SCREEN ON SCREEN em THRU SCREEN ON SCREEN 2, THRU SCREEN ON SCREEN we THRU SCREEN vie 
1320 4 (0.187) 0 == = —|| 4 (0.187) 6 (0.132) 90 || 6 (0.132) 7 (0.111) 7| 7 (0.111) 3 
1110 5 (0.157) 0 = = —| 5 (0.157) 7 (0.111) 90 || 7 (0.111) 8 (0.0937)| 7 || 8 (0.0937)| 3 
930 6 (0.132) 0 = == — | 6 (0.132) 8 (0.0937) | 90 || 8 (0.0937) | 10 (0.0787)| 7 || 10 (0.0787); 3 

780 7 (0.111) 0 = = —| 7 111) | 10 (0.0787) | 85 || 10 (0.0787) | 12 (0.0661) | 12 12 (0.0661)| 3 
660 8 (0.0937) 0 a = — || 8 (0.0937) | 12 (0.0661) | 85 |} 12 (0.0661) | 14 (0.0555) | 12] 14 (0.0555) | 3 
550 10 (0.0787) | O-}-<_— _ — || 10 (0.0787) | 14 (0.0555) | 85 | 14 (0.0555) | 16 (0.0469) | 12 | 16 (0.0469)| 3 
460 10 (0.0787) 0 || 10 (0.0787) | 12 (0.0661) 5 || 12 (0.0661) | 16 (0.0469) | 80 | 16 (0.0469) | 18 (0.0394) | 11 || 18 (0.0394)| 4 
390 12 (0.0661) 0 | 12 (0.0661) | 14 (0.0555) 5 || 14 (0.0555) | 18 (0.0394) | 80 || 18 (0.0394) | 20 (0.0331) | 11 } 20 (0.0331)| 4 
330 14 (0.0555) 0 || 14 (0.0555) | 16 (0.0469) 5 || 16 (0.0469) | 20 (0.0331) | 80 | 20 (0.0331) | 25 (0.028) | 11 | 25 (0.028) 4 
230 18 (0.0394) 0 | 18 (0.0394) | 20 (0.0331) | 10 | 20 (0.0331) | 30 (0.0232) | 75 | 30 (0.0232) | 35 (0.0197) | 12 || 35 (0.0197)| 3 
170 20. (0.0331) 0 || 20 (0.0331) | 25 (0.028) 10 || 25 (0.028) | 40 (0.0165) | 75 || 40 (0.0165) | 45 (0.0138) | 12 || 45 (0.0138)| 3 
110 30 (0.0232) 0 || 30 (0.0232) | 35 (0.0197) | 10 || 35 (0.0197) | 50 (0.0117) | 70 || 50 (0.0117) | 80 (0.007) | 10 || 80 (0.007) | 10 
70 40 (0.0165) 0 || 40 (0.0165) | 45 (0.0138) | 10 || 45 (0.0138) | 80 (0.007) 70 | 80 (0.007) {120 (0.0049) | 10 1120 (0.0049) | 10 


(Continued on next page.) 


| * Per cent of total sample by weight retained by “‘on”’ screen and passed by ‘‘thru’’ screen. The designation 4 (0.187) denotes screen No. 4 with 0.187-in. aperture. 
Percentages given are on the basis of weight as determined by the test procedure for shot. 
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TABLE 2—Cleaning Grit Numbers and Screening Tolerances 


HIGH-LIMIT SCREEN NOMINAL SCREEN LOW-LIMIT SCREEN 
Poe bei as Screen namber and afin git, Screen number and Max git to Screen number and 

G10 0 7 (0.111) 80 10 (0.0787) 10 12 (0.0661) 
G 12 0 8 (0.0937) 80 12 (0.0661) 10 14 (0.0555) 
G 14 0 10 (0.0787) 80 14 (0.0555) 10 - 16 (0.0469) 
G i6 0 12 (0.0661) 75 16 (0.0469) 15 18 (0.0394) 
G i8 0 14 (0.0555) 75 18 (0.0394) 15 25 (0.0280) 
G 25 0 16 (0.0469) 70 25 (0.0280) 20 40 (0.0165) 
G 40 0 18 (0.0394) 70 40 (0.0165) 20 50 (0.0117) 
G 50 0 25 (0.0280) 65 50 (0.0117) 745) 80 (0.0070) 
G 80 0 40 (0.0165) 65 80 (0.0070) 25 120 (0.0049) 
G 120 0 50 (0.0117) 60 120 (0.0049) 30 200 (0.0029) 
G 200 0 80 (0.0070) 55 200 (0.0029) 35 325 (0.0017) 
G 325 0 120 (0.0049) 20 325 (0.0017) — —_ 


Surface Finish 


SAE Standard 


Report of Surface Finish Technical Committee approved March 1949. This SAE Standard conforms in general with American Standard for Surface 


Roughness, Waviness, and Lay, ASA B46.1—1947, 


General Data—This SAE Standard is concerned with the geo- 
metrical irregularities of surfaces of solid materials. It establishes 
definite classifications for various degrees of roughness and wavi- 
ness and for several varieties of lay. It also provides a set of 
symbols for use on drawings, and in specifications, reports, and 
the like. The ranges for roughness and waviness are divided into 
a number of steps, and the general types of lay are established 
by type characteristics. 

This Standard does not define what degrees of surface rough- 


ness and waviness or what type of lay are suitable for any spe- 
cific purpose. It does not specify the means by which any degree 
of such irregularities may be obtained or produced. Neither is it 
concerned with the other surface qualities such as luster, ap- 
pearance, color, corrosion resistance, wear resistance, hardness, 
and microstructure absorption characteristics any of which may 
be governing considerations in specific applications. 

Surfaces in general are very complex in character. Although 
the height, width, length, shape, and direction of surface irregu- 


lg | 


Jarities may all be of practical importance in specific applications, 
| this Standard deals only with their height, width, and direction. 
Surface roughness by this Standard is predicated on the com- 
| parison with SAE master surfaces having known roughness values 
and having a wide distribution of replicas. Such comparison is to 
|be made by any acceptable method for the surface being meas- 
ured—for instance, sight, feel, or instruments. Although the 
|master surfaces or replicas therefrom will be the reference stand- 
ard, instruments may be calibrated to give roughness values. 

Definitions (See Fig. 1)—Surface—The surface of an object is 
\the boundary which separates that object from another sub- 
| stance. Its shape and extent are usually defined by a drawing or 
descriptive specification. 

Profile—The contour of any specified section through a sur- 
) face. 
| ~Roughness—Relatively finely spaced surface irregularities. On 
‘surfaces produced by machining and abrasive operations, the 
) irregularities produced by the cutting action of tool edges and 
_ abrasive grains and by the feed of the machine tool are rough- 
‘ness. Roughness may be considered as being superposed on a 


i 


| wavy surface. 


EH 


’ H : TEWAVINESS 721 of 254) Ve cocaaee 
4 Width (Inches) / 
“-Waviness \. ‘Lay(Direction of |} 
H Height Inches), \ Dominant Pattern) 
ughess Height 4 No Roughness-4 
{(Peak to Valley) = 
SRoughness Rating 
(Microinches Average 


SFi-/ 


Fig. I—MeEanine or Hacu Parr or Sympou DeErinep 


Waviness—The surface irregularities which are of greater spac- 
ing than the roughness. On machined surfaces such irregularities 
ay result from machine or work deflections, vibrations, or the 
‘like. Irregularities of similar geometry may occur due to warp- 
ing, strains, or other causes. 

_ Flaws—Irregularities which occur at one place or at relatively 
infrequent intervals in the surface, such as a scratch, ridge, hole, 
peak, crack, or check. 

_ Lay—The direction of the predominant surface pattern. 
Microinch—One millionth of a linear inch (0.000001 in.). This 
ds the unit of height for roughness. 

Specification and Rating—Roughness-Height Rating—The 
height of the roughness shall be specified in microinches as the 
arithmetical average of the absolute deviations from the mean 
surface. This value will be identified as a roughness number; for 
) example, “16” means that the surface has an arithmetical aver- 
age absolute deviation from the mean surface of 16 microinches. 
Roughness-Width Rating—The maximum permissible spacing 
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of repetitive units of the dominant surface pattern. It may be 
specified in inches adjacent to the lay symbol. Irregularities hav- 
ing spacings up to and including the maximum specified are 
rated as roughness width and are to be included in the measure- 
ment of roughness height. When no maximum dimension is 
specified, spacings up to and including the width of the irregu- 
larities due to machine feed are rated as roughness width and 
are to be included in the measurement of roughness height. 

Waviness-Height Rating—Waviness heights may be specified 
directly in inches as the vertical distance from peaks to valleys 
of the waves. 

Waviness-Width Rating—Waviness widths may be specified 
directly in inches as the distance from peak to peak of the waves. 

Lay Spectfications—The lay of a surface shall be specified by 
the lay symbol indicating direction of the dominant visible sur- 
face marks. 

Measurement or Evaluation—For compliance with specified 
ratings, surfaces are to be evaluated by comparison with speci- 
fied reference standards or by direct instrument measurements 
as described below. 

Roughness—Roughness height values will be measured by 
comparison with SAE master surfaces. Such comparison is to be 
made by any acceptable method—for instance, sight, feel, or 
instrument. Although the master surface or replicas therefrom 
will be the reference standard, instruments may be calibrated 
to give roughness values directly. For routine measurements, 
secondary standards may be set up for comparison with SAE 
master surfaces. In making comparisons care should be exercised 
to avoid errors due to differences in material, contour, and type 
of operation represented by the reference surface and the work. 

In using instruments for comparison or for direct measure- 
ment, care should be exercised to insure that the specified quality 
or characteristic of the surface is measured. 

Roughness measurements, unless otherwise specified, are taken 
across the lay of the surface or in the direction which gives the 
maximum value of the reading. 

Waviness—Waviness values for height and width may be meas- 
ured by any suitable device for linear measurement. 

Recommended Values of Roughness and Waviness—The 
use of only one number shall indicate the maximum value of 
either the height or the width of irregularities. Any less degree 
shall be satisfactory. When two numbers are used, they shall 
specify the maximum and minimum permissible values. 


SAH Roughness Height Values (Microinches) 


1 5 13 32 80 200 500 
2 6 16 40 100 250 600 
3 8 20 50 125 320 800 
4 10 25 63 160 400 1000 
SAE Waviness Height Values (In.) 
0.00002 0.00008 0.0003 0.001 0.005 0.015 
0.00003 0.0001 0.0005 0.002 0.008 0.020 
0.00005 0.0002 0.0008 0.003 0.010 


(Continued on next page.) 
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Surface-Finish Symbol—The symbol used to designate surface 
irregularities is the check mark and extension as shown in Fig. 2. 

The point of the symbol may be on the line indicating the sur- 
face, on a witness line, or on a leader pointing to the surface. 
The long leg and extension shall preferably be to the right and 
erect, as the drawing is read. 


50 , 
Roughness height value is placed adjacent to 
7 and on the inside of the long leg. 
0.002 
ae Waviness height value, when required, is placed 
Z above the extension line. 
0.002 Bra 
50y/ oe Lay designation, when required, is indicated by 
= the lay symbol, placed under the extension to 
Z, the right of the long leg line. 
0.002-.25% 
50/= 0.005 ; : 5 
Roughness width value, when required, is placed 
to the right of the lay symbol. 
SFl-/ 


* When waviness width value is required, the value may be placed to the right of 
the waviness height value. 


Fig. 2—Surrace-FinisH SYMBOL 


Symbols Indicating Direction of Lay—A lay symbol used with 
a surface symbol shall specify the direction of the visible pattern 
of the marks on the surface. See Fig. 3. 

Typical examples would be the use of the symbols, as in Figs. 
4 and 5, to express the given specifications. 


Parallel to the surface boundary line indicated by th 
symbol. 

Example: Parallel shaping, end view of turn and OD 
Grind. 


Perpendicular to the surface boundary line indicate 
by the symbol. 

Example: End view of shaping, longitudinal view c 
turn and OD. Grind. 


Angular in both directions to the surface boundar 
line indicated by the symbol. 
Example: Side wheel grind, and traversed end mill. 


Multidirectional. 
Example: Lap, superfinish. 


Approximately circular relative to the center of th 
surface indicated by the symbol. 
Example: Facing. 


Approximately radial relative to the center of th 
surface indicated by the symbol. 


The numerical value in inches of the width of spacin 
of roughness is-added to the right of the directions 
indication in the lay symbol. 


es SC eo aie 


005 


Fig. 3—SymBots INpicaTiINnG DirecTIon or LAY 


Roughness height = 16 microinche 


SFl-/ 
Fic. 4—Sprecimen ApPiicaTION 


SS 


0.0001- 0.10 
4-8/4 0.001 Roughness height = not more than 
microinches 
not less than 
microinches 
Waviness height = 0.0001 in. 
i Waviness width = 0.10 in. 


Roughness width = 0.001 in. 
As Lay = multidirectional (lap or supe: 
sf finish) 


Fic. 5—SPECIMEN APPLICATION 


A cfoss index of SAE designations for materials and parts appears after the last standard in this book. 


icheg 


super 


Copper and 
Copper-Base Alloys 


Sources of Copper—Copper occurs in the native state and in 
various ores which are found in every continent. The principal 
sources of domestic supply are Arizona, Michigan, Montana, 
Nevada, New Mexico, and Utah. Important foreign sources are 
| the Belgian Congo, Canada, Rhodesia, and South America. 
Most of the commercial copper reaching the market is pro- 
cessed from ores and electrolytically refined to a purity of 99.90% 
_ minimum copper plus silver. Lake copper from northern Michi- 
gan is a fire-refined copper of equal purity. Other important 
sources of fire-refined copper used in wrought products are Ari- 
zona and South America, and this copper meets specification 
requirements of 99.88% minimum copper plus silver. 
| Types of Copper—Tough pitch copper is copper either elec- 
_ trolytically or fire-refined, cast in the form of refinery shapes, con- 
taining a controlled amount of oxygen for the purpose of obtaining 
a level set in the casting. It generally contains 0.01 to 0.07% 
oxygen, which exists as a copper oxide eutectic surrounding the 
_ crystals of copper. Within the above limits, the oxygen has only a 
slight effect on the electrical, mechanical, and physical properties 
_ of copper. Because of the oxygen’s oxidizing effect on other im- 
| purities, its presence in copper indicates a reduction or elimina- 
' tion of certain impurities which would otherwise have adverse 
effects on conductivity. 

' Oxygen-free copper is copper electrolytically refined and free 
from cuprous oxide and is produced without the use of residual 
metallic or metalloidal deoxidizers. Because of its freedom from 
_ residual deoxidizers, it has high electrical conductivity. 

Deoxidized copper is copper cast in the form of refinery shapes, 
_ free from cuprous oxide, produced through the use of metallic or 
_metalloidal deoxidizers. Because it is necessary to use some 
_ excess of reducing agent, the electrical and thermal conductivity 
_ of the copper is lowered, and this fact should be considered when 
high conductivity is needed. : 

Both oxygen-free and deoxidized copper possess only slightly 
\ different mechanical properties from the normal types of tough 
pitch metal. They differ little in respect to tensile strength when 
cold worked to similar extents but do have higher ductility and 
also are free from the possibility of hydrogen embrittlement. 
Alloy Nomenclature—The two principal copper-base alloys are 
brass and bronze. Metallurgically they have zinc and tin, re- 
| spectively, as their other major constituent, and classification of 
the wrought alloys as one or the other is usually not difficult. 
‘However, the nomenclature used in the nonferrous-metals trade 
may be confusing to those not accustomed to handling these 
metals since it does not always follow the above definition, but 
has become so thoroughly established as to be practically im- 
possible to change. 

When the term “brass” is used without qualification, it is 
usually understood to refer to alloys of about two parts copper 
and one part zinc. Other widely used names for this composition 
are “yellow brass,” ‘2 and 1 brass,” and “high brass.” “High 
| brass” indicates a brass of high zinc content, ‘low brass” one of 
low zine content. 

True bronzes are the copper-tin alloys, and they are sometimes 
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called “tin bronzes” or “phosphor bronzes.”’ Today it is common 
practice to use a further qualifying adjective with so-called 
bronzes to designate the particular alloying element used. For 
example, aluminum- or manganese-containing alloys are called 
“aluminum bronze” and “manganese bronze.” 

Effects of Alloying Elements and Impurities on Copper—The 
properties of copper are greatly influenced by the presence of 
comparatively small percentages of many elements. For spe- 
cialized engineering applications, the presence of small amounts of 
such elements often determines the most suitable type of copper. 
For example, where conductivity is the controlling factor, 
electrolytic copper or low-resistance lake copper should be used, 
but where it is unimportant as in the manufacture of most alloys, 
any of the standard refined coppers are satisfactory. 

Phosphorus is a widely used, inexpensive, and good deoxidizer 
of copper, but even traces of phosphorus lower the conductivity 
materially. (For example, the presence of 0.04% phosphorus 
reduces the conductivity by about 25%.) 

Arsenic in small amounts is present in high-resistance lake 
copper and is sometimes added to electrolytic copper. Arsenical 
copper may be either tough pitch or deoxidized. Addition of up 
to 0.5%, arsenic improves the tensile strength both in the an- 
nealed and cold-worked conditions and raises the endurance 
limit as determined by fatigue testing. Arsenic also raises the 
annealing temperature at which softening first occurs and slightly 
improves the retention of strength at elevated temperatures. 
These features have been responsible for the adoption of arsenical 
copper for such applications as condensers, evaporators, and heat 
exchangers. The electrical and thermal conductivity of copper 
containing about 0.25% arsenic is about 50%. 

The electrical conductivity of copper is affected to various 
degrees by impurities other than those mentioned above. The 
following amounts of impurities reduce the conductivity approxi- 
mately to the per cent indicated: 0.2% zinc, 99.5%; 0.2% tin, 
90%; 0.1% aluminum, 90%; 0.08% iron, 90%; 0.1% nickel, 
938%; 0.04% silicon, 90%; 0.2% silicon, 50%; and 0.08% beryl- 
lium, 80%. Lead in small amounts has practically no effect on 
the conductivity. 

Additions of silver to copper in amounts of 0.025% (it is 
normally present in lake coppers) result in a considerable increase 
of the annealing temperature at which initial softening occurs. 
An outstanding application of this property is in automobile 
radiator fins which are subjected to elevated temperatures during 
fabrication. Silver-free copper necessitates much closer tempera- 
ture adherence to minimize the danger of softening to a point 
where fins are easily damaged. 

Heat-Treatment—A number of copper-base alloys, both cast 
and wrought, are capable of being heat treated with considerable 
resultant increase in physical properties. They are all hardened 
similarly in that they are given solution treatments followed by a 
precipitation treatment. The solution treatment consists of heat- 
ing alloys at high temperatures to dissolve hardening elements in 
solid solution and cooling at appropriately rapid rates to retain 
them in solution. The precipitation treatment consists of heating 
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at a lower temperature to precipitate these unstable phases. Some 


of the alloys in this category are copper alloys of beryllium, 
nickel-beryllium, cobalt-beryllium, chromium, nickel-phosphorus, 
aluminum, and aluminum-nickel-iron. As an example of what can 
be accomplished by such treatments, copper-beryllium alloys 
can be readily treated to a Brinell hardness of 400 and copper- 
cobalt-beryllium to a Brinell hardness of 240. 

Joining—Copper and copper-base alloys can be joined by 
welding, soldering, and brazing. All the welding methods com- 
monly employed are applicable to copper and copper alloys, but 
all may not be suitable for any one of these metals. The metal- 
lurgical and physical properties of the metal to be joined should 
be considered in selecting the joining method. 

With but few exceptions, all the copper-base alloys can be 
readily soldered or brazed, the choice being influenced by prop- 
erties desired and cost. 

Machining—Pure copper and the solid-solution, single-phase 
alloys are not readily machinable since they produce long, tough, 
stringy chips. The addition of lead, tellurium, or selenium to 
copper alloys makes them extremely free-cutting, and the chips 
are short and brittle. Intermediate between these two groups are 
the duplex types of alloys, such as alpha-beta brasses, which can 
be machined satisfactorily but not as readily as the free-cutting 
alloys. 

Finishing and Coating—Copper and copper-base alloys lend 
themselves to a large variety of surface finishes and coatings. 
Finished material can be supplied with polished or buffed sur- 
faces, with bright or matte finishes, with lacquer and enamel 
coatings, and many other types of surfaces. The preparation of 
copper and copper-base alloys for electroplating is comparatively 
simple, and such metals as gold, silver, nickel, and chromium can 
be readily plated for decorative or tarnish-resistant purposes. 


Cast Copper and Copper-Base Alloys 


Effect of Alloying Elements and Impurities—Zinc is added to 
copper as a predominating alloying constituent, in amounts of 5 
to 40%, to form alloys known as brasses. These groups are called 
leaded red and semired, silicon, yellow, and high-strength yellow 
brasses. Zine imparts a better strength and corrosion resistance 
to the copper. It is completely soluble in copper, forming solid 
solution except in such cases as in high-strength yellow brasses in 
which a duplex type of structure is obtained. Smaller amounts of 
zine up to 5% are used in tin bronzes to tighten up the structure 
and aid in producing sound castings for pressure work. Zinc is not 
considered a very detrimental impurity in most alloys. However, 
it is generally kept to below 5% in bearing bronzes because larger 
amounts would tend to impair bearing qualities. 

Tin is added to copper in amounts of 5 to 20% to form a series 
of alloys known as tin bronzes and leaded tin bronzes. While the 
copper-tin constitution diagram shows that it is possible to have 
approximately 16% tin in solid solution, the presence of a hard 
constituent (alpha-delta copper tin eutectoid) develops in the 
range of 6 to 8% tin because of deviation from true equilibrium 
conditions. The tin strengthens and hardens copper, making it 
tough and resistant to wear and increases its corrosion resistance. 
Smaller amounts of tin are used in leaded red and semired brasses 
for increasing the strength of such general utility alloys. Tin is not 
generally harmful as an impurity except in high-tensile manganese 
bronze, where it is limited to 0.2% . It is generally felt that in this 
alloy, tin lowers the strength and ductility. 


Lead is added alone to copper in large amounts of around 359 
for automotive bearings. In practically all other cases it is addec 
to copper-base alloys as an additional alloying element. Smal 
amounts of lead up to 1.5% increase machinability without im 
portant decreases in strength. Larger amounts from 5 to 25% 
increase machinability greatly, and, in tin-containing alloys 
increase antifrictional qualities. As an impurity, lead is considere: 
undesirable in high-tensile manganese bronze, silicon bronze, anc 
silicon brass. 

Aluminum is added to copper as a predominating alloying con 
stituent to form a series of high-strength alloys known as alumi 
num bronzes. It is soluble in copper to the extent of about 9.5% 
It is added to high-strength yellow brasses in varying amounts 
being a very necessary part of the high-tensile alloy. Aluminun 
when present as an impurity, has very detrimental effects upor 
high leaded bronzes, causing lead sweating and unsoundnes: 
during solidification. It is also considered detrimental in the 
non-leaded tin bronzes, causing unsoundness. 

Iron is added to copper-base alloys as a strengthening con 
stituent for silicon, aluminum, and manganese bronzes. It com 
bines with aluminum or manganese or both to form hard com 
pounds. These compounds imbed themselves into the matrix t 
give the alloys wear resistance. Iron, when present as an impurity 
is not desirable since it forms hard spots and is detrimental 
machining. 

Phosphorus is added to copper and copper-base alloys princi 
pally as a deoxidizer. It is added to bronzes in greater amount 
than necessary for purely deoxidization considerations to im 
prove hardness and wear resistance, particularly in chill mok 
castings. 

Nickel is added to bronzes as an alloying constituent for re 
fining the grain and toughening the alloy. It is also used iz 
amounts of about 15% for nickel brasses to displace that amoun 
of zine. In this alloy, it promotes strength, corrosion resistance 
and whiteness. When present as an impurity, it does not hav 
detrimental effects, and most specifications permit approximately 
oR 

Silicon is added to copper as an alloying constituent to forn 
copper-silicon alloys. These alloys have high corrosion resistanc« 
and high strength and toughness. Small amounts of silicon ar 
used as deoxidizing elements. When silicon is present as an im 
purity, it isextremely detrimental in leaded tin bronzes, promotins 
unsoundness and lead sweating. 

Beryllium is added to copper as an alloying constituent t 
form a series of age-hardenable beryllium-copper alloys, Thes 
heat-treated alloys are strongest of the known copper-bas 
alloys. They are used for resistance welding electrodes and non 
sparking tools. Beryllium is rarely present as an impurity. 

Manganese is used primarily as an alloying constituent fo: 
high-strength alloy brasses, where it forms compounds witl 
other alloying elements such as iron and aluminum. It is als 
used, to some extent for deoxidizing. It is not considered very 
detrimental as an impurity. 

Chromium is added to copper as an alloying constituent t 
form a number of compositions used for resistance welding elec 
trodes. These alloys are heat treated to about 120 Brinell anc 
have an electrical conductivity of about 75%. Chromium is no 
usually present as an impurity. 

Antimony is rarely added to copper-base alloys. When present a: 
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NOMINAL COMPOSITION, % 


®* SAE specifications, where indicated, are those most closely approaching the commercial alloys shown. 


ALLOY NUenER CHARACTERISTICS TYPICAL APPLICATIONS 
Cu | Sn} Pb Zn Others 
Tin Bronzes 
Phosphor Gear Bronze.... 65 89 } 11} — |} — 0.25P Hard, strong, tough, re- | Worm wheels and gears 
Nickel Phosphor Gear sistant to wear (especially | (nickel-bearing and zinc- 
IBROnZe nee ys ds. 65 + Ni (87 | 11) — _— 2Ni, 0.2P with phosphorus), fine- | free for heavy sections). 

Nickel Phosphor Bronze. . 640 86.5} 11 |.1.25) — 1Ni, 0.25P grained (especially with | Bushings for heavy loads 

GunuMletalhs f) cap ecncs <his 62 88 {| 10) .— 2 == nickel), good machinea- | and low speeds. Zinc-con- 

Leaded Gun Metal....... 63 | 88 | 10/1.5}) — 0.2P bility (with lead), and | taining alloys for pressure 

INNA XC) carte: eee ee 620 88 Sia 4 — corrosion resistant to sea | castings. 

Leaded Navy “‘G’’........ 621 87 8] 1 4 -- water. 

INEag Nes See Ree 622 88.5] 6 | 1.5 4 = 

High Lead Tin Bronzes 

Phosphor Bronze......... 64 80 | 10 /10 _ _— Excellent anti-frictional | 64—High speeds and heavy 
qualities and casting and | loads. 

Bronze Bearing........... 660 83 (i lvars 3 — machining properties. | 660—General bushing ap- 
Strength and resistance | plications, medium _ re- 
to wear increase with tin | quirements. 

Bronze Bearing.......... 66 85 5 | 9 1 — content. Anti-friction | 66—High speeds and light 

' Semiplastic Bronze...... 67 78 6 |16 — — qualities increase with | loads on bearing backs. 

High Lead Bronze....... — 70 5 [25 _— — lead content. 

Leaded Red Brasses 
Leaded Red Brass (Ounce 
Metab ye meh. Sit Auts...,. 40 85 5 | 5 5 _ General utility alloys with | Water pump fittings and 

Leaded Semired Brass . _ 76 3 | 6 15 _ reasonable strength and | valve bodies. Ounce metal 
corrosion resistance, good | also used for bearing 
casting and machining | backs. 
properties. Hydro-static 
tightness increases with 
zine content. 

High-Strength Yellow 

Brasses 

Manganese Bronze........ 43 58 | — | — |Rem./1Fe, 1Al, 1Mn} Excellent strength, corro- | Brackets, shafts, gears, 

High Tensile Manganese sion resistance, and cast- | and structural applica- 

BrOnZe mmm eros esc... 430A & B \64 | —} — |Rem.| 3Fe,5.5Al, | ing properties. tions. 
3.5Mn 
Leaded Yellow Brass 

Wellow Brags... .a-.<..... 41 67 | —13 Rem. —_ An inexpensive good ma- | Radiator parts, fittings for 

chining and casting alloy. | water cooling systems, and 
battery terminals. 
« | Aluminum Bronzes 

Aluminum Bronze........ 68A 88 |}§—} — }] — 3Fe, 9Al Good strength, good cor- | Gears, worm wheels, bear- 

Aluminum Bronze........ _ 68B _|88 | —| — | — | 1.5Fe, 10.5Al | rosion resistance and low | ings, valve guides and 

coefficient of friction | seats, and miscellaneous 
against steel. structural applications. 

' Copper Silicons 

Silicon Bronze............ a= 954.5) 388i, 1.5Fe Good strength, toughness, | Pump parts, gears, shafts, 

Silicon Brass. ........... — 82 | —]|] — 14 4Si and corrosion resistance. | and other engineering ap- 
Casting qualities increase | plications. 

with zine content. 
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an impurity, it is not considered very detrimental in amounts up 
to 0.5%. If present in greater amounts, it does tend to decrease 
physical properties. 


Wrought Copper and Copper-Base Alloys 


Effect of Alloying Elements and Impurities—Zinc is added 
to copper as the predominating alloying constituent to form a 
series of very widely used alloys known as brasses. These al- 
loys contain up to 42% zine and their strength increases with 
increasing amounts of zinc. They are ductile, malleable, corro- 
sion resistant, and have color characteristics ranging from the 
pink of copper to the yellow of yellow brass. When zinc is not 
a major alloying element but is present a an impurity, it is 
usually limited to 0.38% or less, but has little effect. 

Tin is added to copper in amounts up to 11% to form a series 
of alloys known as bronzes. Small amounts of tin are sometimes 
added to brasses, generally to improve their corrosion resistance. 
Bronzes are a quality spring material. They are strong, ductile, 
and corrosion resistant. Their strength can be increased by cold 
working, and they have a high endurance value as compared 
to most other nonferrous alloys. s 

Lead is added to copper in amounts of 1% to form a machina- 


” ple, high-conductivity copper rod. It is added either to brasses 


or bronzes in nominal amounts of 0.5-4% to improve machina- 
bility and, in the range of 2-4% to improve bearing properties. 
Lead, present aS an impurity in deep-drawing brass above 
specification limits is undesirable because it affects drawing 
qualities. In amounts of much over 0.02% it tends to make 
copper and copper-rich alloys hot short. 

Aluminum is added to copper as a predominating alloying 
constituent to form a series of alloys known as aluminum bronzes. 
These alloys are of high strength and corrosion resistance and 
are readily hot worked. When they contain 8% or less aluminum, 
they are readily cold worked. Aluminum is also added to brass 
to form an alloy of 76% copper, 22% zinc, 2% aluminum which 
is used extensively for condenser tubes. Aluminum present as 
an impurity in brass and other copper alloys is objectionable 
because small amounts change the annealing temperature, the 
ductility, and malleability considerably. It is objectionable in 
bronze welding rods as an impurity because it promotes forma- 
tion of aluminum oxide during welding, tending to produce a 
weak joint in the weld metal. - 

Iron is added to copper as an important alloying constituent 
along with aluminum in certain aluminum bronzes and with 


TABLE 2—Physical Properties of SAE Wrought Copper Alloys 


TASB [WC W4B| yo1a | 701B | TIC |7175 83, 72 | 7376 |77A 81) TIC |79A7D| 79B | TA | 88 

Melting Poimt Cigquidus), ho 0..........- 1750 | 1710 | 1940 | 1905 | 1930 | 1981 | 1650 | 1650 | 1920 | 1880 | 1880 | 1830 | 1660 | 1640 
Melting Point (Solidus), F............... 1680 | 1660 | 1920 | 1890 | 1895 | 1981 | 1630 | 1630 | 1750 | 1620 | 1810 | 1770 | 1650 | 1620 
IDEnsityaatt OSuE lb Cleins =e tee een 0.308) 0.306) 0.295) 0.275) 0.275) 0.323) 0.307) 0.304; 0.320) 0.318) 0.316) 0.313) 0.303) 0.305 
SpeciticsGravity,--2.1e te ee eee 8.53 | 8.47 | 8.17 | 7.6 | 7.6 | 8.94 | 8.50 | 8.41 | 8.86 | 8.80 | 8.75 | 8.67 | 8.39 | 8.44 
Coef. of Thermal Exp., per F X 108, from 

Coe UN ops pd Ue cere et ke = AS cared ?-« 12-1. /12.8 19.1 | 1. 19.1 | 958 11.4 1.8 | 9.9 }10.1 |10:4 |10l6 5s Gmeetiee 
Thermal Conductivity at 68 F, Btu/sq 

URI cGy Al DES ok ea: ema: Ny sath RPL SEL. 5 5 70 67 48 35 22 196 |67 67 47 36 92 81 71 69 
Thermal Capacity (Sp. Heat) at 68 F, 

Btu (Eo Meee) ae eee ce eee eee 0.09 | 0.09 | 0.09 | 0.09 | 0.09 | 0.092) 0.09 | 0.09 | 0.09 | 0.09 | 0.09 | 0.09 | 0.09 | 0.09 
Electrical Resistivity at 68 F, ohms/mil- 

fiiGAmmealed Mean. Sane ee erate 37 38 60 79 88 10.3 /|40 40 58 80 28 32 37 38 
Electrical Conductivity at 68 F on volume 

basis, % IACS, (Annealed)............ 28 27 75s 2G) VS 100 |26 26 18 13 37 32 28 27 
Modulus of Elasticity, million psi, (An- 

MIC MIO) eee oie coi Ghee he al ah eee 16 15 15 15 15 17 14 15 16 16 17 16 15 15 


TABLE 3—Fabrication Properties of SAE Wrought Copper Alloys 


qe eal oe] 101A | 701B | 701C /71 75 83| 72 73 |77A81| 77C |\79A74D| 798 | 4A | 88 
Cold  Workine*s) ities mee eee ee E E G F P E P F Y G E E F F 
HOt Workin pe xes ae: ok ee Meee eersiescs F 12 F G E E F E P 1e G F E E 
Hot Working Temperature, F............ 1350-| — 1500-} 1470-| 1470-| 1400-; 1300-| 1200-; — — 1450-| 1500-| 1150-| 1200- 
1550 1600 | 1695 | 1740 | 1600 | 1450 | 1500 1650 | 1650 | 1450 | 1500 
Annealing Temperature, F............... 800— | 800— | 800— | 800- | 1150-| 700— | 800—- | 800— | 900- | 900- | 800- | 800— | 800- | 800- 
1400 | 1800 | 1300 | 1400 | 1650 | 1200 | 1100 | 1100 | 1250 | 1250 | 1350 | 1300 | 1100 | 1100 
Machinability (SAE 72 = 100)........... 30 30 20 30 30 20 100 | 30 20 20 30 30 40 80 
Soft Solderin wa lis a9 es ence Ae a ee E E F F F E E E E E E E E E 
BilvervAlloy brazing. eee ee ee G G G G G E G G G G E G G G 
Oxyacetylene Welding................... G G F F F F F G G G G G G F 
Carbon v Arc Welding ica: + seek cee eee F F F G G G P F G G G F F Ne 
Resistance Welding... sense eee F F F F F iP P F G E P 2e F iP 


* *E = Excellent G = Good 
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TABLE 4—Classifications and Uses of Commercial Wrought Copper-Base Alloys 


NOMINAL COMPOSITION % 
ALLOYS SAE? NO. : CHARACTERISTICS | TYPICAL APPLICATIONS 
Cu Zn Others 
Copper-Zinc Alloys Excellent hot working properties | Applications vary from jewelry, 
Gilding-95% 195 | 5 with high copper contents dimin- | screen cloth, light sockets, ornamen- 
Commercial ishing with decreasing copper (to | tal metal work, and eyelets to large 
Bronze-90% (90 10 65%—the 60% Cu alloy has excel- | uses such as cartridge cases and 
Red Brass-85% 74D, T9A 85 |15 lent hot working properties). Ex- | automotive radiators. Higher copper 
Low Brass-80% 79B 80 |20 cellent pliability and cold working | alloys for relatively small volume 
Cartridge Brass 70A, 70B |70 (30 properties with higher copper. Ex- | ornamental work and lower copper 
74C, 80A~ cellent deep drawing properties at | alloys for high production industrial 
Yellow Brass 70C, 74B \66 |34 70% copper combined with lowest | applications. 60% Cu alloy for heat 
80B cost. Alloys vary from red to yellow | exchanger tubes. 
Muntz Metal 74A 60 |40 with decreasing copper content. 
| Free-Cutting Copper- Machinability increases with lead | Automatic screw machine parts with 
~~ Zine Alloys content. Excellent hot working | high lead. Strip for small stampings 
Free Cutting Brass 72 62 [35 3Pb properties of the 60% Cu alloy. requiring free milling qualities with 
High Leaded Brass 61 .5/37 1.5Pb lower lead. 60% Cu alloy for forgings 
(Clock) and pressings of all types. 
Forging Brass 88 60 [38 2Pb 
Tin-Bearing Copper- Resistant to salt water corrosion | Higher copper for condenser tubes, 
Zinc Alloys and stronger than straight copper- | ferrules. Lower copper for bolts, 
_ Admiralty Metal 70 29 1Sn zine alloys. nuts, piston rods, propeller shafts, 
| Naval Brass 73, 76 60 |39.25) 0.75Sn etc. 
| Bushing Bronzes 791 88 | 4 4Pb, 4Sn Bearing properties increase with | Clutch pedal shaft bushings and 
| 795 90 | 9.5 | 0.5Sn tin and lead contents. piston pin bushings. 
_ Phosphor Bronzes TTA, 81 95 (ial 2 High strength, yield point, and | Parts requiring copper base alloy 
5Sn fatigue resistance. Strength in- | with spring characteristics. 
77C 92 0.1P creases with higher tin and degree 
8Sn of cold working. 
) Aluminum Bronzes 701A 95. 5Al High strength, good corrosion re- | Gears, sleeves, screws, forming man- 
: 701B 87 8Al sistance, low coefficient friction | drels, bushings, fabricated sections, 
5Fe, Si, Mn| against steel. Physical properties | spark plug inserts. 
701C 82 10Al, 5Ni, | increase with increasing alloy con- 
3Fe tent. 
_ Copper-Silicon Alloy 96 381 Corrosion resisting properties of | Marine hardware, chemical equip- 
| 1 of Fe, | copper and physical properties of | ment, hydraulic pressure lines, heat 
Mn, Sn, or | mild steel. Readily cold or hot | exchanger tubes. 
Zn worked 


|| manganese in certain manganese bronzes. It is also added to 
| alloys similar to the cupro nickels to increase corrosion resistance, 
| and it is present in small amounts in some welding rods. Iron 
) present as an impurity in deep drawing alloys is very detri- 
mental. It is detrimental in brasses because it seriously affects 
the annealing temperatures. 
Phosphorus is added to copper and copper-base alloys prin- 


| amounts than necessary just for deoxidization to improve spring 
| properties. It is used in certain low-melting brazing-rod com- 
| positions in amounts up to 7%. 

Nickel is added to copper as an alloying constituent forming 
the cupro-nickel series of alloys. These alloys have high strength 
+ without loss of ductility. They have excellent corrosion resistance 
-and are white in color. Nickel is added to brasses to form a 


* SAE specifications, where indicated, are those most closely approaching the commercial alloys shown. 


mental. 


series of alloys known as nickel silvers. Nickel and phosphorous 
are alloyed with copper, and nickel is added to certain aluminum 
bronzes forming series of heat-treatable alloys. Nickel present 
as an impurity in copper-base alloys is not considered detri- 


Silicon is added to copper as an alloying constituent to form 


the copper-silicon series. These alloys have high corrosion re- 

sistance combined with high strength and superior welding 

qualities. Small amounts of silicon are used as deoxidizers. 
Beryllium is added to copper as an alloying constituent to 


form a series of age-hardenable beryllium-copper alloys. In the 


fully treated condition, beryllium copper is the strongest of the 
known copper-base alloys and has an electrical conductivity of 
about 20%. It is used in high-quality spring applications. The 
hardnesses are such that the alloys can be used for tools where 
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nonsparking qualities are desired. Beryllium is not normally 
present as an impurity. 

Manganese is added to copper primarily as a desulfurizing 
and degassifying element for alloys containing nickel. It is used 
in amounts of approximately 0.6% in copper-alloy brazing and 
welding rods. Generally speaking, manganese is not harmful 
when present as an impurity. 

Chromium is added to copper as an alloying constituent to 
form a number of compositions used for resistance welding 
electrodes. The alloy is heat treated and cold drawn to a hard- 
ness of about 140 Brinell and an electrical conductivity of about 
80%. This hardness is retained at elevated temperatures up to 
about 900 F. Chromium is not usually present as an impurity. 

Antimony is rarely added to copper-base alloys. It is used, 
to a limited extent, in admiralty alloys and aluminum brasses 
as an inhibitor against dezincification. It increases the annealing 
temperature of copper. Antimony, when present as an impurity, 
promotes brittleness. 

Tellurium or Selenium is added to copper and copper-base 
alloys in amounts up to 1% to improve machinability. 

Working and Annealing—Copper and copper-base alloys can, 
with some exceptions, be worked either hot or cold, and fre- 
quently both methods are combined in order to produce a 
finished product. Hot working is defined as the plastic deforma- 
tion of a metal at a temperature sufficiently high to prevent 
strain hardening or, as more commonly stated, it is the working 
of a metal above the recrystallization temperature. The normal 
hot-working temperatures for copper alloys vary from 1200 to 
1750 F, depending upon the composition and type of operation 
being used. Such alloys as leaded alpha brasses and leaded tin 
bronzes cannot be hot worked because of their hot short charac- 
teristics at elevated temperatures. 


The ability of a metal to be cold worked depends on its mechani- 
cal properties such as tensile strength and ductility—the latter 
being particularly important since without ductility, no cold 
work can be done. The effect of cold work is to increase the 
tensile strength and yield strength and to reduce the elonga- 
tion and reduction of area. The copper-base alloys, like other 
metals, will stand only a certain amount of cold working, beyond 
which breaking is apt to occur; hence, for severe amounts of cold 
working, intermediate annealing becomes necessary. The an- 
nealing temperatures will vary from 800 to 1400 F, depending 
upon the composition of the alloy, the amount of cold work, and 
the degree of softness required. 

Testing and Selection of Wrought Alloys—Standard speci- 
mens of wrought material shall be taken parallel to the direction 
of rolling, and all rods, bars, and shapes shall be tested in full 
size when practicable. In materials 114 in. and larger in diameter 
or thickness, the center or cross-section of the test specimen shall 
be half way between the center and outer surface of the piece 
unless otherwise specified. 

Unless otherwise noted, the yield strength shall be determined 
as the stress producing an elongation of 0.5% under load; that is, 
0.01 in. in a gage length of 2 in. 

Grain size is to be determined by the Jeffries method at 75 
magnifications. See ASTM E2, Standard Methods of Preparation 
of Micrographs of Metals and Alloys. 

The specifications accompanying this text cover a large number 
of tempers and anneals, Many times it is difficult to determine 
the most suitable condition necessary for the specific operation 
or the requirements are too particular to be specified by any of 
the ordinary physical tests. It is then frequently advisable to 
submit samples or drawings to the manufacturer and secure an 
adjustment of anneal or temper to suit the actual operations. 
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Copper-Base Casting Alloys SAE Standard 


Report of Nonferrous Metals Division approved June 1911 and last revised by Nonferrous Metals Technical Committee January 1950. 


TABLE 1—Composition of Copper-Base Casting Alloys 


ELEMENTS”, PER CENT BY WEIGHT® 
SAE No. ALLOY 
Copper Tin Lead Zinc Tron Nickel P Al Si Sb Mg 
40 Leaded Red Brass 84.0-86.0} 4.0-6.0 | 4.0-6.0 | 4.0-6.0 0.30 1.0 — 0.005 | 0.005) — | — 
41 Yellow Brass , |65.0-70.0) 1.5 1.5-3.75) Bal. 0.75 — = 0.30 — |— _ 
43 Manganese Bronze 55.0-60.0) 1.0 0.40 Bal. 0.40-2.0} 0.50 — 0.5-1.5) — | —/ 1.5 
430A| | High Tensile Manganese 
430B Bronze 60.0-68.0) 0.20 0.20 Bal. | 2.0-4.0 0.50 — 3.0-7.5 | — | — |2.5-5.0 
62 Gun Metal 86.0-89.0; 9.0-11.0; 0.30 | 1.0-3.0 0.15 1.0 — 0.005 — |—| — 
_. 620 Navy ‘‘G”’ 86.0-89.0; 7.5-9.0 0.30 | 3.0-5.0 0.15 1.0 — 0.005 —-|-| -— 
lp = 621 Leaded Navy ‘‘G” 85.0-89.0) 7.5-9.0 1.0 3.0-5.0 0.25 1.0 — 0.005 — |— _ 
622 Navy ‘‘M”’ 86.0-90.0) 5.5-6.5 | 1.0-2.0 | 3.0-5.0 0.25 1.0 — 0.005 —- |—-}| — 
63 Leaded Gun Metal 86.0-89.0| 9.0-11.0) 1.0-2.5 0.75 0.15 1.0 0.25 0.005 — |—}| — 
nie 64 Phosphor Bronze 78.0-82.0) 9.0-11.0} 8.0-11.0) 0.75 0.15 0.50 0.25 0.005 | 0.0050.50) — 
i } 640 Nickel Phosphor Bronze 85.0-88.0)10.0-12.0) 1.0-1.5 0.50 0.30 | 0.75-1.5)0.20-0.30) 0.005 —- |—| — 
| 65 Phosphor Gear Bronze 88.0-90.0'10.0-12.0, 0.504 0.504 0.15 a 0.10-0.30) 0.005 =) | he 
an 66 Bronze Bearings 83.0-86.0) 4.5-6.0 | 8.0-10.0| 2.0 0.20 0.50 — 0.005 | 0.005)0.30) — 
tty 660 Bronze Bearings 81.0-85.0| 6.25-7.5) 6.0-8.0 | 2.0-4.0 0.20 0.50 0.15° | 0.005 | 0.005)0.25) — 
itn «GT Semiplastic Bronze 76.5-79.5) 5.0-7.0 |14.0-18.0} 1.5 0.40 0.75 0.05 0.005 | 0.005)0.50) — 
| 68A | Aluminum Bronze—As Cast‘ |86.0-89.0} 0.50 — — 2.5-4.0 — — 8.5-9.6| — |}—| — 
ut) 68B | Aluminum Bronze—As Cast |86.0-89.0) 0.20 — — 1.0-2.0 — — |10.0-11.55 — |—| — 
; or Heat-Treated 


7 
® See SAE General Information on Bearing and Bushing Alloys for additional alloys. This table refers to castings only, not to ingots. 
Elements in bold face type regularly require analysis. All values not given as ranges are maximum. 
- © Samples for analysis should be taken from test bars where possible. 
ne to 4 Total lead, zinc, and nickel is 1.0% maximum. 
' 
- 
; 
i 
t 


© Maximum of 0.50% phosphorus is permissible for permanent mold castings only. 
f Sum of named elements is 99.0% minimum, 


TABLE 2—Physical Properties and Similar Specifications of 
| Copper-Base Casting Alloys 


Due aceercst SIMILAR SPECS. 
cables Tensile Yield ee ASTM 
q\ 4 strength, | strength, per. AMS? 
| ver oor oat No. Alloy 
H 40 30,000; — 20 | Bi45,B62 | 4A | 4855 
| 41 30,000; — 20 B146 6B | — 
i \ - 43 65,000) 25,000 20 B147 8A | 4860 
i 430A | 90,000} 45,000 | 20 B147 SB 
| 430B {110,000} 60,000 12 B147 8C | 4862 
i | 62 40,000 = 20 B143 1A | 4845 
‘ 620 40,000 a 20 B143 1B —_ 
{ ; ~ 621 36,000 — 18 B143 2B | — 
{ 622 34,000 _ 22 B143 2A a 
| 63 35,000 — 10 — — — 
i 64 25,0001 — 8 B144 3A | 4842 
j 640 35,000 — 10 _— — — 
65 35,0001 — 10 me a ae 
66 25,000 — 8 B144 3C -- 
660 30,000 — 12 B44 3B | — 
67 20,000 —_ 10 B44 3D —_— 
68A (as cast)| 65,000) 25,000 20 B148 9A —_ 
68B (as cast)| 65,000; 25,000 20 B148 9B —_ 
68B (heat- 80,000; 50,000 4 — — — 
treated) 


® Test bars shall be cast in sand molds from the same heat or series of heats from 
which the castings are made. See corresponding ASTM specification for type of bar 
and ASTM E -8 for method of determining yield strength. 
- > SAE Aeronautical Material Specifications. 
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Wrought Copper-Base Alloys 


WROUGHT COPPER-BASE ALLOYS 


SAE Standard 


Report of Nonferrous Metals Division approved June 1911 and last revised by Nonferrous Metals Technical Committee January 1951. 


TABLE 1—Chemical Compositions of SAE Wrought Copper-Base Alloys 


ELEMENTS, PER CENT BY WEIGHT® 


SAE No. NAME OTHER ELEMENTS 
Cu Sn Pb Fe Zn 
70A : , 
a Cartridge Brass Sheet and Strip Geog 0.07 0.05} Rem = 
70C Yellow Brass Sheet and Strip 64.0-68 .0 = 0.15 0.05) Rem = 
701A Aluminum Bronze Rods, Bars, and Shapes |92.0-96.0 a == Qe = 4.00-7.00 Al, 0.50 Others 
701B Aluminum Bronze Rods, Bars, and Shapes |80.0-93.0 0.60 — 4.00) — ner 335 36 
9.00-11.00 Al, 4.00-5.50 
701C Aluminum Bronze Rods, Bars, and Shapes |78.0-85.0 0.20 — |2.00-4.00; — Ni, 1.50 Mn, 0.25 Si, 0.50 
Others 
71 Copper Sheet and Strip 99.9 Min = = = = = 
72 Free-Cutting Brass Rods 60.0-63 .0 — 2.50-3.75 0.15) Rem | 0.50 Others 
73 Naval Brass Rods, Bars, Forgings, and |59.0-62.0/0.50-1.00 0.20 0.10} Rem | 0.10 Others 
Shapes f : 
T4A Seamless Brass Tubes (Muntz Metal) 59.0-63.0 _— 0.80 0.07; Rem = 
74B Seamless Brass Tubes (Yellow Brass) 65.0-68 .0 — 0.30 0.07/ Rem — 
T4C Seamless Brass Tubes (Cartridge Brass) 68.5-71.5 = 0.07 0.05} Rem — 
74D Seamless Brass Tubes (Red Brass, 85%) 83 .0-86 .0) = 0.06 0.05} Rem = 
75 Copper Tubes 99.9 Min — — -- = 
76 Naval Brass Tubes 59 .0-62.0/0.50—1.00 0.30 0.10) Rem | 0.10 Others 
TTA Phosphor Bronze Sheet and Strip> — 3.50-5.80 0.05 0.10} 0.30 | 0.08-0.35 P, 0.01 Sb 
77C Phosphor Bronze Sheet and Strip® _ 7.00-9 .00 0.05 0.10} 0.20 | 0.08-0.25 P, 0.01 Sb 
79A Red Brass, 85%, Sheet and Strip 84.0-86.0 — 0.05 0.05) Rem — 
79B Low Brass, 80%, Sheet and Strip 78.5-81.5 = 0.05 0.05} Rem = 
791 Bushing Alloy Rem {3.5 -4.5 |3.5 -4.5 0.10} 1.5-4.0) 0.20 Others 
795 Bushing Alloy 88 .0-92 .0/0.25-0.75 — 0.10/ Rem | 0.20 Others 
80A Cartridge Brass Wire 68.5-71.5 — 0.07 0.05) Rem = 
80B Yellow Brass Wire 63 .0-67.5 — 0.10 0.05, Rem = 
81 Phosphor Bronze Wire and Rod> = 3.50-5.80 0.05 0.10} 0.30 | 0.03-0.35 P, 0.01 Sb 
83 Copper Wire (Annealed) — — — — — — 
88 Forging Brass Rod 58 .0-62.0 = 1.50-2.50 0.30} Rem = 


® All values not given as ranges are maximums unless otherwise noted. 
© Minimum total of copper, tin, and phosphorous shall be 99.5%. 


© SAE 83 copper wire shall be of such quality and purity that when drawn and annealed, it shall have the physical and electrical properties defined in its specification in this 


standard. 


SAE 70—Brass Sheet and Strip 


Chemical Composition 


70A (70B)1 70C 
Cartridge Brass Yellow Brass 
Se sais 68.5-71.5 64.0-68 .0 
bree, ee 0.07 max 0.15 max 
PEs ote rae 0.05 max 0.05 max 
Pree Remainder Remainder 


: The designation 70B is eventually to be dropped. The composition was replaced 
by SAE 70A in February 1947, but the identity was retained for information only. 


Physical Properties 


Tensile Properties—The tensile strength of rolled sheet of 
various tempers shall conform to Table 1. The Rockwell hardness 
values are shown in Table 2 for information only. 

Annealed Temper Properties—Designations for degree of an- 
neal shall be in terms of average grain diameter in millimeters 
and shall conform to the limits specified in Table 3. The Rock- 
well hardness values are shown in Table 3 for information only. 

Dimensional Tolerances—Dimensions of thickness, 


width, 


straightness, and length shall be within the limits shown in 
Tables 1, 6, 8, and 9, respectively, under the section on Dimen- 
sional Tolerances of Wrought Copper Alloys. 


Gen 


eral Data 


Common Forms and Tempers— 
SAE 70A and 70B 


Typical Uses— 


Flat Products—0.015 through 0.100 mm anneal and quar- — 


ter hard through extra-spring temper. 


SAE 70C 


Flat Products—0.015 through 0.070 mm anneal and one- 
eighth hard through spring temper. 


Automotive—Radiator cores and tanks, headlamp reflectors. 
Electrical—Bead chain, flashlight shells, lamp fixtures, 
socket shells, screw shells. 
Hardware—KEyelets, fasteners, springs, stampings. 
Common Fabrication Processes—Blanking, drawing, etching, 
forming and bending, heading and upsetting, piercing and punch- 
ing, shearing, spinning, squeezing and swaging, stamping. 
Similar Specifications—SAE 70A is similar to ASTM B 36, 
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Alloy 6; and AMS 4505 and 4507. SAE 70C is similar to ASTM 
B 86, Alloy 8. 


TABLE 1—Tensile Strength of SAE 70 in Psi 


GRADES A AND B GRADE C 
TEMPER 
Min Max Min Max 
@uarter Hardtis)..A0 0c. 4 49,000 | 59,000} 49,000 | 59,000 
JBI Tale Wey ke a ieee nee 57,000 | 67,000) 55,000 | 65,000 
Three-Quarters Hard........| 64,000 | 74,000} 62,000 | 72,000 
LEG VIC lessnis alg eee ae eae en 71,000 | 81,000) 68,000 | 78,000 
Evade) ia Ieee ee 83,000 | 92,000} 79,000 | 89,000 
ISP OuS BAY eR Aa el ee ar 91,000 | 100,000} 86,000 | 95,000 
lBpabgahs fo) eye havo ly ee ee ee 95,000 | 104,000) 90,000 | 99,000 


TABLE 2—Rockwell Hardness of SAE 70+ 


GRADES A AND B GRADE C 
TEMPER B Scale | 30-T Scale | B Scale | 30-T Scale 
Min | Max} Min | Max} Min | Max| Min | Max 
Quarter Hard. oe. 3.0.0. 40 | 65 | 48 | 60 | 40 | 65 | 43 | 60 
vali. Handel h .cechils ois 60 | 77 | 56 | 68 | 57 | 74 | 54 | 66 
'Three-Quarters Hard...:.. 72 | 82 | 65 | 72 | 70 | 80 | 65 | 71 
PMT emcee eet te iy. vce sy « 79 | 86 | 70 | 74 | 76 | 84 | 68 | 73 
Jens e in las eee eee 85 | 91 | 74 | 77 | 88 | 89 | 73 | 76 
SOR val Be AO es ee 89 | 93 | 76 | 78 | 87 | 92 | 75 | 78 
JONG He shoig tees | eee ee 91 | 95 | 77 | 79 | 88 | 93 | 76 | 79 


® B Scale applies to metal 0.020-in. thick and over. 30-T Scale applies to metal 


| 0.012-in. thick and over. 


TABLE 3—Grain Size and Rockwell Hardness* of SAE 70 
(Annealed Temper) 


ANNEALING |AVERAGE GRAIN SIZE, MM F SCALE 30-1 SCALE 
DESIGNATION, 
ae Min Max Min Max Min Max 
0.015 —b 0.025 72 85 33 50 
0.025 0.015 0.035 67 79 27 42 
0.035 0.025 0.050 65 76 25 38 
0.050 0.035 0.070 61 73 20 35 
0.070 0.050 0.100 52 67 3 27 
0.120 0.070 == 50 62 = 21 


*® F Scale applies to metal 0.020-in. thick and over. 30-T Scale applies to metal 
0.015-in. thick and over. 3 
b Must be fully recrystallized. 


SAE 701—Aluminum Bronze Rods, Bars, and 


Shapes 
Chemical Composition 
701A 101B 701C 
Bopper, %..1.+.-....- 92.0-96.0 | 80.0-93.0 | 78.0-85.0 
Avuminums 96...... 2: . 4.0- 7.0 6.5-11.0 9.0-11.0 
TROT ERY Eee ae 0.50 max 4.00 max 2.0- 4.0 
BNC Gee recess e siete _ 1.00 max 4.0- 5.5 
Manganese, %......... — 1.50 max 1.50 max 
Birilicon, %...........5- — 2.25 max 0.25 max 
| IER) ea Senne — 0.60 max 0.20 max 
- Other elements, : 
UNG Oa a a ee 0.50 max 0.50 max 0.50 max 


® When both nickel and silicon are present, only one shall be in excess of 0.25%. 


Physical Properties 


Tensile Properties—No tensile properties are normally speci- 
fied for SAE 701A. The tensile properties of various bar sizes of 
alloys SAE 701B and 701C shall conform to Tables 1 and 2. 

Bend Test—Grades A and B shall bend cold, without fracture 
on the outside of the bent portion, through an angle of 120 deg 
around a pin, the diameter of which is equal to twice the diam- 
eter of round rod or four times the thickness of bar or other 
shapes. 

Season Cracking Test—A full-size test specimen must stand. 
immersion for 15 min without cracking in an aqueous solution. 
containing 100 g of mercurous nitrate and 13 ce of nitric acid 
(specific gravity 1.42) per |. For further details see ASTM B 154. 

Dimensional Tolerances—Dimensions of diameter, thickness,. 
and width shall be within the limits shown in Tables 11, 4, and 
7, respectively, under the section on Dimensional Tolerances of 
Wrought Copper Alloys. 


General Data 


Typical Uses—SAE 701 is commonly used for bushings, gears, 
valve parts, bearings, sleeves, screws, pins, and fabricated sec- 
tions. This alloy is also applicable where strength at elevated. 
temperatures, a low coefficient of friction against steel, or a com- 
bination of strength and corrosion resistance is required. 

Common Fabrication Processes—Machining, forging, and weld- 
ing. 

Similar Spectfications—SAE 701A is similar to ASTM B 124, 
Alloy 10, which comes in forgings, rods, bars, and shapes. SAE: 
701B is similar to ASTM B 150, Alloy 1; and to AMS 4631 and 
4635. SAE 701C is similar to ASTM B 150, Alloy 2; and to AMS 
4640. 


TABLE 1—Tensile Properties of SAH 701B 


MINIMUM MINIMUM MINIMUM 
SIZE RNS Le Se) ELONGATION 
STRENGTH, STEENGTE, IN 2 IN., % 
Rods and Bars, thickness or 
diameter in in. 
over to and including 
0 x50 eee aeyy 80,000 40,000 15 
0.50 LOOK Se Grey 75,000 37,500 15 
TEU denen anit o Meche eae Seahia Oe , 72,000 35,000 20 
Shapes, all sizes:.............. 70,000 30,000 15 
TABLE 2—Tensile Properties of SAE 701C 
DIAMETER OF ROUNDS, IN. 
MINIMUM TENSILE! MINIMUM YIELD |MINIMUM ELONG- 
Toend STRENGTH, PSI | STRENGTH, PSI |ATION IN 2IN., % 
Over Including 
0.50 1.00 100,000 50, 000 10 
1.00 2.00 90,000 45,000 12 
2.00 3.00 85, 000 42,500 15 


SAE 71—Copper Sheet and Strip 
Chemical Composition 


Copper, % 


There are two types of copper sheet used in the automotive 
industry: electrolytic tough pitch and silver-bearing tough pitch. 


99.90 minimum 
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Silver-bearing tough pitch may be lake copper, or it may be pro- 
duced from electrolytic copper by the addition of the correct 
amount of silver. The silver content is normally specified in troy 
ounces per avoirdupois ton (one ounce per ton being equal to 
0.0034%). The desired minimum silver content must be speci- 
fied. The usual amount of silver is 6 to 10 oz, which is sufficient 
to raise the recrystallization temperature appreciably. 


Physical Properties 


Tensile Properties—The tensile strength of sheet and strip in 
cold- and hot-rolled tempers shall conform to Table 1. The 
Rockwell hardness values are shown for information only. 

Annealed Temper Properties—Grain-size requirements for cold- 
rolled annealed tempers shall conform to Table 2. The Rockwell 
hardness values are shown for information only. 

Dimensional Tolerances—Dimensions of thickness, width, 
straightness, and length shall be within the limits shown in 
Tables 1, 6, 8, and 9, respectively, under the section on Dimen- 
sional Tolerances of Wrought Copper Alloys. 


General Data 


Common Forms and Tempers— 

Flat products—0.050 mm, 0.025 mm, one-eighth hard, 
quarter hard, half hard, hard, extra hard, spring, extra 
spring, and hot-rolled. 

Typical Uses— 

Architectural—Building fronts, downspouts, flashing, gut- 

ters, roofing. 

Automotive—Gaskets, radiators. 

Electrical—Contacts, radio parts, switches, terminals. 


Miscellaneous—Chemical process equipment, kettles, pans,. 


rotating bands, vats. 


TABLE 1—Tensile Strength and Hardness of SAE 71 


ROCKWELL HARDNESS* 
TENSILE 
STRENGTH, PSI 


B Scale F Scale | 30-T Scale 


Min Max | Min | Max] Min} Max| Min} Max 


Light cold-rolled. ..... ./32,000/40,000} — | 39 | 40 | 82 | — | 49 


Half hard............../87,000/46,000) 30 | 50 | 77 | 89 | 43 | 57 
LATOR hes ta eae dee 43 ,000/52,000| 45 | 57 | 86 | 93 | 54 | 62 
SPL ee a .iaclentes eee ee 50, 000/58, 000) 54 | 64 | 91 | 97 | 60 | 66 
Extra spring...........|52,000} — | 56 | — | 92} —| 61 | — 
lot-rolleda ae 30,000!38,000) — | — | — | 75 | — | 41 
Hot-rolled and an- 

mealed si oie eye 30, 000/38, 000; — |} — | — | 65 | — | 31 


® Band F Scales apply to metal 0.020-in. thick and over. 30-T Scale applies to metal 
0.012-in. thick and over. 


TABLE 2—Grain Size and Hardness of SAE 71 (Cold Rolled) 


! 


ROCKWELL HARDNESS®* 
GRAIN SIZE, MM 
TEMPER F Scale 


15-T Scale 


Softcanneal eee eee —> — — 65 — 68 


Deep drawing anneal 
(0.025 mm)............] —® | 0.050) 30 75 44 73 


* F Scale applies to metal 0.020-in. thick and over. 15-T Scale applies to metal 
0.015-in. thick and over. ; 
> Material must be fully recrystallized. 


Common Fabrication Processes—Blanking, coining, drawing, 
etching, impact extrusion, piercing and punching, shearing, 
spinning, squeezing and swaging, stamping. 

Similar Specifications—SAE 71 is similar to ASTM B 152 
ETP and STP, and to AMS 4500. 


SAE 72—Free Cutting Brass Rod 


Chemical Composition 


Copper Votek ecient uaorme Ss Te ee ae 60.0-63 .0 

1 BY N Date RE ROMO E A Ls csi re Sa 2.5-3.7 

PT Gis overage. Sacks Ges \o-eirs ade pa te eee 0.15 max 
Total other impurities, %........ 0.50 max 
TANG) apd Soe teed eel ne SE le NOR Remainder 


Physical Properties 


Tensile Properties—The tensile properties of soft and half- 
hard rods shall conform to Table 1. 

Bend Test—Rods or bars in half-hard temper shall bend cold, 
without fracture, through an angle of 120 deg around a pin, the 
diameter of which is equal to twice the diameter of round rod or 
four times the thickness of bar or other shape. The bend test 
may be waived upon agreement between the purchaser and the 
manufacturer. 

Dimensional Tolerances—Dimensions of diameter or distance 
between parallel surfaces and length shall be within the limits 


TABLE 1—Physical Properties of SAE 72 


MINIMUM MINIMUM MINIMUM 
CONDITION STENCH, SoHE XOTH, Sgn 

Soft 

through D000 ins. cee ake 48,000 20,000 20 

L001=2 000 eid oe pieete: eeu eae 44,000 18,000 25 

2.001 in, and over. .e-2-- . 2am 40,000 15,000 30 
Half Hard (Rounds, Hex., Oct.) 

through 10-500) aie. au ee ae 57,000 25,000 7 

S011 000 tine eet ote teen 55,000 25,000 15 

1001-2 000TH ere eet 50,000 20,000 20 

2.001 in. and over...... 45,000 15,000 25 


al Lee 
TEMPER THICKNESS, IN. WIDTH, IN. | g a 4 E a z : g Be 
ZHRR/ESBSIEREA 

| | a 

Softee it and under | 6 and under,44,000)18,000) 20 

Over 1 6 and under|40,000)15,000; 25 

1g and under | 1 and under 50,000'25,000| 10 

¥ and under | Over 1 to 6/45, 000!17, 000 15 

Hali Hard? Over 14 to 2 | 2 and under/45,000/17,000! 20 

Over 14 to 2 | Over 2 to 6 40, 000115, 000 20 

Over 2 Over 2 to 440, 000 15,000} 20 


_ shown in Tables 11 and 10, respectively, under the section on 


|| Dimensional Tolerances of Wrought Copper Alloys. 


General Data 


Common Forms and Tempers— 
Flat Drawn Bars—Quarter hard, and half hard. 
Rods—Soft anneal, half hard. 
Shapes—Quarter hard, half hard, and extruded. 
Typical Uses—Small screw-machine parts, pins, nuts, plugs, 
| serews, valve discs, and caps. 
Common Fabrication Processes—Machining, roll threading, and 


| knurling. 


Similar Specifications—SAE 72 is similar to ASTM B 16 and to 


| AMS 4610. 


SAE 73— Naval Brass Rods, Bars, Forgings, and 


Shapes 
Chemical Composition 

CaS 0825 Wh. nbs FOaO OE CHOCO On ean 59 .0-62.0 

SUMS TT NGS (yh lik Sy oy8 cays, aby pyesd.s Soesalsthecs § 0.50-1.00 
Th@SYG LS vical cna Ae Ee One eee 0.20 max 
LHD Geos ole te a eee 0.10 max 
WotaleOpner WmMpPurities: oe dew ewes « 0.10 max 
NEOs tucrepiicia 6 ete Oe: ee ae Remainder 


| Physical Properties 


Tensile Properties—The tensile properties of various shapes 


| and tempers shall conform to Table 1. 


TABLE 1—Tensile Properties of SAE 78 


MINIMUM MINIMUM MINIMUM 
coxpmon Ce a Ie 
PSI PSI % 
| Rods and Bars, Soft 
Wm through |1.000im.............. 54,000 20,000 35 
PEDOU TO 2eDOOMIM cine as o:ss0 00° 52,000 20,000 40 
2,501 in, and over............. 50,000 20,000 40 
| Rods and Bars, Half Hard 
Neethrough 0.500 in............... 60, 000 27,000 25 
DOL LOM OUI see is 3,5 «5500 60,000 27,000 30 
HA OO'. toi2, G00) toe .G 202, see s2 58, 000 26,000 30 
ROOT GS DOO MIs <cn6 dscns « 54,000 25,000 30 
Bo0l im, andsover...6....5..:. 54,000 22,000 30 
| Rods and Bars, Hard 
Methrough 1 000i...) i608 .. 67,000 45,000 17 
1.001 to 2.500 in............... 62,000 | 37,000 25 
CAO aie 0 Os bi 54,000 25,000 30 
SPROUL AM ANG OVEL....025 00+.» 54,000 22,000 30 
Soft Shapes, all sizes........... 56, 000 22,000 30 
| 
Hot Pressed Forgings........... 55,000 _ 35 


Bend Test—Rods, bars, or shapes in soft condition shall bend 


| cold through an angle of 180 deg, and rods and bars in half- 
| hard or hard condition shall bend cold through an angle of 120 


deg without fracture. Bends are to be made around a pin the 
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diameter of which is two times the diameter of round rod or four 
times the thickness of bar or other shape. The bend test may be 
waived upon agreement between the purchaser and the manu- 
facturer. 

Season Cracking Test—A full-size test specimen must stand 
immersion for 15 min without cracking in an aqueous solution 
containing 100 g of mercurous nitrate and 13 ce of nitric acid 
(specific gravity 1.42) per 1. For further details see ASTM B 154. 

Dimensional Tolerances—Dimensions of diameter or distance 
between parallel surfaces; thickness and width of rectangular 
bars; and length of rods, bars, and shapes, shall be within the 
limits shown in Tables 11, 3, 7, and 10, respectively, under the 
section on Dimensional Tolerances of Wrought Copper Alloys. 


General Data 


Common Forms and Tempers— 

Flat Drawn Bars—Soft anneal, light anneal, quarter hard, 
half hard, and hard. 

Rods—Soft anneal, light anneal, quarter hard, half hard, 
hard, and extruded. 

Shapes—Quarter hard and extruded. 

Typical Uses—This material is intended for use where brass 
rod that is stronger, tougher, and more corrosion resistant than 
commercial brass rod is required. Common uses include forgings, 
water-pump shafts, propeller shafts, studs and nuts, bushings, 
turnbuckle barrels, adjusting-stud ends, and screw-machine parts. 

Common Fabrication Processes—Blanking, drawing, forming 
and bending, heading and upsetting, hot forging and pressing, 
hot heading and upsetting, shearing. 

Stimilar Specrfications—SAE 73 is similar to ASTM B 21, 
Alloy A; to ASTM B 124, Alloy 3; and to AMS 4611 and 4612. 


SAE 74—Seamless Brass Tubes 


Chemical Composition 


| 74C 74D 
Munts Metal’ Yellow Brass oe Soret ea 
Goppen,t Yonsei 59.0-63.0] 65.0-68.0) 68.5-71.5] 83.0-86.0 
Lead, Gono t nes 0.80 max) 0.80 max} 0.07 max! 0.06 max 
Imam OG) Bante ce eee 0.07 max) 0.07 max} 0.05 max} 0.05 max 
ZANCHAE. Be EO ans. Remain- | Remain- | Remain- | Remain- 
der der der der 


Physical Properties 


Tensile Properties—The tensile strength and Rockwell hard- 
ness of drawn tubes shall conform with Table 1. Where Rock- 
well hardness values apply, they can be used as basis for accept- 
ance. In cases of disagreement, the final basis for acceptance 
shall be the tensile strength. 

Annealed Temper Properties—The grain-size requirements for 
cold-rolled annealed tempers shall conform to Table 2. The 
Rockwell hardness values are shown for information only. 

Expansion Test—A hardened and ground tapered pin, having 
an included angle of 60 deg, shall be capable of being driven, 
without rupture of the tube, into one end of annealed tube until 
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the diameter of tubes 34 in. and under is expanded 20%, and the 
diameter of tubes over 34 in. is expanded 15%. 

Appearance—Surface of these tubes shall be clean and smooth, 
both inside and out. 

Dimensional Tolerances—Dimensions of wall thickness and 
inside and outside diameters shall be within the limits shown in 
Tables 5 and 12, respectively, under the section on Dimensional 
Tolerances of Wrought Copper Alloys. 


General Data 


Common Forms and Tempers— 
74A—Light annealed, drawn general purpose, hard drawn. 
74B and 74C—0.050 mm, 0.025 mm, drawn general pur- 
pose, hard drawn. 
74D—0.050 mm, 0.025 mm, drawn general purpose, hard 
drawn, and light drawn. 


TABLE 1—Tensile Strength and Hardness of SAE 74 


ROCKWELL HARDNESS* 
TENSILE z 
STRENGTH, PSI 
GRADE TEMPER B Scale | 30-T Scale 
Min Max | Min! Max} Min | Max 
A Drawn (Gen- /|54,000) — | 58 | — | 55 | — 
(Muntz Metal) eral Purpose) 
B and C Drawn (Gen- |54,000) — | 55 | — | 53 | — 
(Yellow Brass eral Purpose) 
and Cartridge 
Brass) Hard» 66,000} — | 75 | — | 70 | — 
D Light 44, 000/58, 000) 45 | 82 | 43 | 75 
(Red Brass, 
85%) Drawn (Gen- |44,000); — | 45 | — |} 43 | — 
eral Purpose) 
Hard 57,000) — | 70 | — | 65 | — 


® Rockweil hardness values apply to tubes with an ID of 0.250 in. or over as follows: 
B Scale applies to tubes with wall thickness 0.030 in. and over. 
30-T Scale applies to tubes with wall thickness 0.012-0.030. 
No Rockwells apply to other tubes. 
All hardness tests shall be made on inside surface of tube. 
b These physical properties apply only to tubes with the following range in di- 
mension. For other combinations use physicals of drawn temper. 
OD, in. Wall Thickness, in. 
up to 1, inclusive 0.020-0.120, inclusive 
over 1 to 2, inclusive 0.035-0.180, inclusive 
over 2 to 4, inclusive 0.060-0.250, inclusive 


TABLE 2—Grain Size and Hardness of SAE 74 
(Annealed Tempers) 


ROCKWELL HARDNESS* 
GRAIN SIZE, MM 


F Scale | 30-T Scale 


ALLOY TEMPER 
Min Max | Min | Max} Min | Max 
T4A Light Anneal —> | 0.035) 70 | 90 | 33 | 56 
74B and 74C| Soft Anneal 0.025) 0.060) 60 | 75 | 18 | 39 
Light Anneal —> | 0.035) 67 | 89 | 28 | 53 
74D Soft Anneal 0.025) 0.060} 55 | 65 | 8 | 23 
Light Anneal —> | 0.035) 60 | 75 } 18 | 39 


* F Scale applies to tubes 0.020 in. and over in wall thickness. 30-T Scale applies 
to tubes 0.015 in. and over in wall thickness. 
> Material must be fully recrystallized. 


Typical Uses—Light drawn temper is used only where a tube 
of some stiffness, but capable of being bent, is needed. Drawn 
(general purpose) temper is used where requirements for stiffness 
or ductility are not extreme. Hard temper is used where tubes 
as strong as possible are needed. SAE 74A and 74D are used 
for condenser and heat exchanger tubes, and flexible hose. SAE 
74B and 74C are general-purpose materials used for water pipe 
radiator work, and ornamental work. 

Common Fabrication Processes—Forming and bending, up- 
setting, squeezing and swaging, flaring, roll threading, knurling. 

Similar Spectfications—SAE 74A is similar to ASTM B 135, 
Alloy 5. SAE 74B is similar to ASTM B 135, Alloy 3. SAE 74C 
is similar to ASTM B 135, Alloy 2; and to AMS 4555. SAE 74D 
is similar to ASTM B 135, Alloy 1. 


SAE 75—Copper Tubes 


Chemical Composition 


-Copper 99.90% minimum 
Material must be deoxidized 


Physical Properties 


Tensile and Annealed Temper Properties—Physical properties 
and grain size of tubing shall conform to Table 1. Where Rock- 
well hardness values apply, they can be used as basis for accept- 
ance. In cases of disagreement, the final basis for acceptance 
shall be the tensile strength. 


TABLE 1—Tensile, Hardness and Grain Size of SAE 75 


TENAILE ROCKWELL HARDNESS* Prvecqe 
TEMPER | SmmunewHs *S° |’ B Scale | 30-1 Seale saan 

Min Max | Min} Max} Min} Max| Min | Max 

Soft Annealed....... _ — |—}|—}—}— |0.040) — 
Light Annealed...... — — |}—|—/]—|—] — 10.040 

Light Drawn........ 36, 000/47, 000} 20 | 52 | 30 | 60}; —}| — 

Drawn (General 
Purpose) = seas 36,000) — | 20.\:— |30)) Ses 
Hard Drawn? .....<. - 45,000). — | 45 .— | 55) — | a 


* Rockwell hardness values apply to tubes with an ID of 0.250 in. or over as follows: 
B Scale applies to tubes with wall thickness 0.030 in. nae over. 
30-T Scale applies to tubes with wall thickness 0.015-0.030, 
No Rockwells apply to other tubes. 
All hardness tests shall be made on inside surface of tube. 
Material must be fully recrystallized. 
© These physical properties apply only to tubes with the following range in dimen- 
sion. For other combinations use physicals of drawn temper. 
OD, in. Wall Thickness, in. 


up to 1, inclusive 0.020-0.120, inclusive 
over 1 to 2, inclusive 0.035-0.180, inclusive 
over 2 to 4, inclusive 0.060-0.250, inclusive 


Expansion Test—A hardened and ground taper pin, having an 
included angle of 60 deg, shall be capable of being driven into 
one end of the tube until the diameter of tubes 34 in. and under 
is expanded 40%, and the diameter of tubes over 34 in. is ex- 
panded 30% without rupture. This test shall be made on an- 
nealed tubes only. 

Appearance—Surface of these tubes shall be clean and smooth, 
both inside and outside. 

Dimensional Tolerances—Dimensions of wall thickness and in- 
side and outside diameters shall be within the limits shown in 


| ' Tables 5 and 12, respectively, under the section on Dimensional 
| Tolerances of Wrought Copper Alloys. 


| General Data 


Common Forms and Tempers— 
Tube—0.050 mm, 0.025 mm, light drawn, drawn general 
purpose, hard drawn. 
Pipe—Hard. 
Typical Uses—Light drawn temper is used only where a tube 
‘| of some stiffness, but capable of being bent, is needed. Drawn 
| (general purpose) temper is used where requirements for stiff- 
‘+ ness or ductility are not extreme. Hard temper is used when 
| tubes as strong as possible are needed. 
| Household—Gas lines, heater lines and units, oil burner lines, 
plumbing pipe and tube, refrigerators. 
Industrial—Condenser, evaporator, and heat exchanger tubes; 
dairy tubes; distiller tubes; pulp and paper lines; steam and 
water lines; brewery tubes. 
Transportation—Gasoline, hydraulic, and oil lines and oil 
coolers. 
_Miscellaneous—Rotating bands, gage lines. 
‘Common Fabrication Processes—Flaring, forming and bending, 
hot forging and pressing, spinning, squeezing and swaging. 
Similar Specifications—SAE 75 is similar to ASTM B 75, 
‘B68, and B 88. 


SAE 76—Naval Brass Tubes 


“(The deletion of this specification from the SAE Handbook 1s being 
considered. There are no similar specijications.] 


| Chemical Composition 
| CODDEIEC UT ree at ne hoya era 59 .0-62.0 
I AMT A facd os oe Se ec oe etn ee St 0.50-1.00 
Ture Gi SOS ca een eee 0.30 max 
“6 Inova, GAs os ts bee De eee eae Cee ee 0.10 max 
= MotalOthenslmpunities: OG). oacc.c sce. s+ 3 of 0.10 max 
= PATO so 88 05 Se Ce EE eee Remainder 


| Physical Properties 
Tensile Properties—The tensile properties of drawn tubing 
| shall conform to Table 1. 


llovs! 


Th TABLE 1—Tensile Properties of SAE 76 


MINIMUM 
ih WALL THICKNESS IN. MINIMUM TENSILE | ~ MINIMUM YIELD ELONGATION, 
te INCLUSIVE STRENGTH, PSI STRENGTH, PSI IN 2 1N., 
a) 
1, 0-4 60, 000 24,000 28 
ie YM 55, 000 22,000 32 
ee 50, 000 20,000 35 


Expanding Test—Annealed tube shall not rupture when a 

|) hardened and ground tapered pin, having an included angle of 

| 60 deg, is driven into one end until the diameter is expanded 
20% on tubes through 34 in. and 15% on tubes over 34 in. 

| Appearance—Tubes shall be clean, smooth, and free from in- 

-_jurious defects, both inside and out. 

Dimensional Tolerances—The average inside and outside diam- 
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eters of tubing shall not vary from that specified by more than 
the tolerances specified in Table 12, under the section on Dimen- 
sional Tolerances of Wrought Copper Alloys. 


SAE 77—Phosphor Bronze Sheet and Strip 


Chemical Composition 


SAE 77A SAE 77C 
AUTO se era on, Maren eh ee as ek 3.50-5.80 7.00-9.00 
ENOSPHOTUSHIUG eaaeeratn cathe). 0.03-0.35 0.03-0.25 
Teas or ett rasa o aaa wich 0.05 max 0.05 max 
TrGDMO COE tt ee ae ee 0.10 max 0.10 max 
VISOR op ors elias cs NEES Cee Od AEE 0.30 max 0.20 max 
SATION Viry Voor atom eee ee 0.01 max 0.01 max 
Copper, Tin, and Phosphorus, %| 99.50 min 99.50 min 


Physical Properties 


Tensile Properties—The tensile strength of sheet and strip in 
various tempers shall conform to Tables 1 and 2. The Rockwell 


TABLE 1—Tensile Strength and Hardness of SAE 77A 


TENSILE STRENGTH, ROCKWELL HARDNESS 
TEMPER AND THICKNESS, IN. Eek B Scale 30-T Scale 
Min Max Min Max Min Max 
Soft 
(0.040 and over)....| 40,000) 55,000) 7 50 = — 
(0.030 and over)... . — — 24 50 
(0.020 to 0.040)..... 0 45 — — 
(0.010 to 0.080)..... a _— 16 46 
Half Hard 
(0.040 and over)....] 55,000} 70,000} 60 81 — — 
(0.030 and over).... — — 57 73 
(0.020 to 0.040)..... 53 78 — — 
(0.010 to 0.030)..... — — 52 71 
Hard 
(0.040 and over)... .| 72,000} 87,000) 82 90 = — 
(0.030 and over).... — — tal WG 
(0.020 to 0.040)... 80 88 = — 
(0.010 to 0.030)..... — — 69 75 
Extra Hard 
(0.040 and over)....} 84,000) 98,500} 88 94 = = 
(0.030 and over).... — — 75 80 
(0.020 to 0.040)..... 86 92 — — 
(0.010 to 0.030)..... ne — 73 78 
Spring 
(0.040 and over)... .| 91,000)105,000) 90 96 — — 
(0.030 and over). — — 77 81 
(0.020 to 0.040)..... 88 94 — —_ 
(0.010 to 0.030)..... — => 75 79 
Extra Spring 
(0.040 and over)....| 96,000|109,000} 92 97 — — 
(0.030 and over). — _— 78 82 
(0.020 to 0.040)..... 89 94 — — 
(0.010 to 0.080)..... — — 76 80 
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TABLE 2—Tensile Strength and Hardness of SAE 77C 


thereby gaining strength without sacrificing formability. For 
example, flat springs with easy bends across the grain can usu- 
ally be made with Grade A, spring temper. Flat springs with 
easy bends either across or with the grain can usually be made 
of Grade C alloy, extra-hard temper. Even though a lower temper 
is used, higher average physicals are obtained. 

Similar Specifications—SAE 77A is similar to ASTM B 108. 
Alloy A, and to AMS 4510. SAE 77C is similar to ASTM B 103, 
Alloy C. 


SAE 79—Red Brass and Low Brass Sheet and Strip 
Chemical Compositions 


T9A 
Red Brass, 85% 


79B 
Low Brass, 80% 


Copper) [oa tera 84.0-86.0 78.5-81.5 
MeadiUoeerecemdsce 0.05 0.05 
Tron hot See ae 0.05 0.05 
ZAI G2 Uetnene at acne Remainder Remainder 


TENSILE STRENGTH, POCK WEL HONE 
TEMPER AND THICKNESS, IN. Bee B Scale 30-T Scale 
Min Max Min Max Min Max 
Soft 
(0.040 and over)....| 53,000} 67,000} 29 70 _ — 
(0.030 and over).... — —_ 38 68 
(0.020 to 0.040)..... 20 66 — aoa 
(0.010 to 0.030)..... — — 27 62 
Half Hard 
(0.040 and over)....} 69,000) 84,000} 76 91 = — 
(0.030 and over).... —_ — 67 78 
(0.020 to 0.040)..... 69 88 _— — 
(0.010 to 0.030)..... — — 63 18 
Hard 
(0.040 and over)....| 85,000/100,000} 91 97 — — 
(0.030 and over).... -- _— 76 81 
(0.020 to 0.040)..... 89 95 — = 
(0.010 to 0.030)..... — — 73 80 
Extra Hard 
(0.040 and over)... .} 97,000)111,500} 95 | 100 _ _— 
(0.030 and over).... — — 78 83 
(0.020 to 0.040)..... 93 98 — a 
(0.010 to 0.030)..... _— _— 77 82 
Spring 
(0.040 and over)... .|105,000)118,500; 97 | 102 —_ — 
(0.030 and over). — —_ 79 84 
(0.020 to 0.040)..... 95 | 100 _ _—" 
(0.010 to 0.030)..... — ae 78 83 
Extra Spring 
(0.040 and over)... .|109,500)122,000} 98 | 103 _ — 
(0.030 and over).... — — 80 84 
(0.020 to 0.040)..... 96 101 = = 
(0.010 to 0.030)..... _— _— 79 83 


hardness values are shown for information only. 

Dimensional Tolerances—Dimensions of thickness, width, 
straightness, and length shall be within the limits shown in 
Tables 2, 6, 8, and 9, respectively, under the section on Dimen- 
sional Tolerances of Wrought Copper Alloys. 


General Data 


Common Forms and Tempers— 
Strip—Half hard, hard, extra hard, spring, and extra spring. 

Typical Uses—Springs, switch parts, sleeve bushings, clutch 
discs, diaphragms, fuse clips, fasteners. 

Common Fabrication Processes—Blanking, forming and bend- 
ing, shearing, stamping. : 

Miscellaneous—Generally speaking, the selection of the alloy 
and temper depends on the physical requirements of the finished 
part and the ease with which it can be made. If greatest possible 
spring characteristics are desired, then the highest temper of 
Grade C alloy which will form the part should be used. Less 
severe requirements may permit the use of the less expensive 
Grade A alloy. More difficult forming operations can be made 
with Grade C alloy than with the same strength Grade A alloy, 


Physical Properties 


Tensile Properties—The tensile strength of sheet and strip 
shall conform to Table 1. Rockwell hardness values are shown 
for information only. 


TABLE 1—Tensile Strength and Hardness of SAE 79 


ROCKWELL HARDNESS® 
TENSILE STRENGTH, 


GRADE TEMPER B Scale | 30-T Scale 
Min Max Min | Max | Min | Max 

T9A Vy Hard 44,000 | 54,000 | 33 | 62 | 38 | 58 
14 Hard 51,000 | 61,000 | 56 | 71 | 54 | 64 

34 Hard 57,000 | 67,000 | 66 | 76 | 60 | 68 

Hard 63,000 | 72,000 | 72 |. 80 | 65 | 70 

Extra Hard 72,000 | 80,000 | 78 | 85 | 69 | 74 

Spring 78,000 | 86,000 | 82 | 87 } 72 | 75 

Extra Spring 82,000 | 90,000 | 84 | 89 | 73 | 76 

79B 4% Hard 48,000 | 58,000 | 38 | 65 | 42 | 60 
Y Hard 55,000 | 65,000 | 59 | 73 | 56 | 66 

34 Hard 61,000 | 71,000 | 69 | 79 | 63 | 70 

Hard 68,000 | 77,000 | 76 | 84 | 68 | 73 

Extra Hard 78,000 | 87,000 | 83 | 89 | 72 | 76 

Spring 85,000 | 93,000 | 87 | 92 | 75 | 78 


Extra Spring 89,000 | 97,000 | 88 | 93 | 76 | 79 


®B Scale applies to metal 0.020-in. thick and over. 30-T scale applies to metal 
0.012-in. thick and over. 


Annealed Temper Properties—Designations for degree of anneal 
shall be in terms of average grain diameter in millimeters and 
shall conform to the limits specified in Table 2. The Rockwell 
hardness values are shown for information only. 

Dimensional Tolerences—Dimensions of thickness, width, 
straightness, and length shall be within the limits shown in 
Tables 1, 6, 8, and 9, respectively, under the section on Dimen- 
sional Tolerances of Wrought Copper Alloys. 


(Continued on next page.) 


TABLE 2—Grain Size and Hardness of SAE 79 
(Annealed Tempers) 


ROCKWELL HARDNESS* 
AVERAGE GRAIN SIZE, 


GRADE ANNEAL a F Scale 30-T Scale 
Min Max Min Max Min Max 
T9A 0.015 b 0.025 62 79 19 48 


0.025 0.015 0.035 60 72 16 34 
0.035 0.025 0.050 58 66 13 24 
0.050 0.035 0.070 56 63 10 20 
0.070 0.050 0.100 53 60 6 16 


79B 0.015 —> | 0.025 66 83 25 50 
0.025 0.015 0.035 63 77 20 42 
0.035 0.025 0.050 61 72 16 35 
0.050 0.035 0.070 57 67 8 27 
0.070 0.050 0.120 53 64 2 21 


2 F Scale applies to metal 0.020-in. thick and over. 30-T Scale applies to metal 
0.015-in. thick and over. : 
b Must be fully recrystallized. 


' General Data 


Common Forms and Tempers— 
79A Strip—oO.070 mm, 0.050 mm, 0.035 mm, 0.025 mm, 
0.015 mm, quarter hard, half hard, extra hard, spring. 
79A Sheet—0.050 mm, half hard. 
79B Strip—0.070 mm, 0.050 mm, 0.035 mm, 0.025 mm, 
0.015 mm, quarter hard, half hard, hard, spring. 
Typical Uses— 
Architectural—Etching parts, trim, weatherstrip. 
Electrical—Conduit, screw shells, sockets. 
Hardware—Eyelets, fasteners, fire extinguishers. 
Industrial—Pickling crates, radiator cores. 
Miscellaneous—Badges, compacts, costume jewelry, dials, 
lipstick containers, name plates, rouge boxes, tags. 
Common Fabrication Processes—Blanking, coining, drawing, 
etching, forming and bending, piercing and punching, shearing, 
spinning, squeezing and swaging, stamping. 
Similar Specifications—SAE 79A is similar to ASTM B 36, 
Alloy 3. SAE 79B is similar to ASTM B 36, Alloy 4. 


SAE 80—Brass Wire 
Chemical Compositions 


80d 80B 
Cartridge Brass Yellow Brass 
Wopper, Gout. o/s eee 68 .5-71.5 63 .0-68 .5 
Wend Ogre. mites ss 0.07 max 0.10 max 
IRDA AS, pice Neen eee 0.05 max 0.05 max 
ASTOR Stas ob a nen Remainder Remainder 


Physical Properties 


Tensile Strength—The tensile strength of wire in various tem- 
pers shall conform to Table 1. 

Annealed Temper Properties—Designations for degree of anneal 
shall be in terms of average grain diameter in millimeters and 
shall conform to the limits specified in Table 2. 

Bend Test—Brass wire must be capable of being bent through 
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TABLE 1—Tensile Strength (Psi) of SAE 80A and 80B 


TEMPER MIN MAX 
ig hivho lance eosin sett tan: eee 50,000 65,000 
Quarter Hand saat oe aint rl 62,000 77,000 
Ealifebiar dite irs 1235 opts rte 79,000 94,000 
Three-Quarters Hard........... 92,000 107,000 
1 WHC! 8 valet ie ah ee eek 102,000 117,000 
Extras El ardigcars terete aan sree 115,000 129,000 
SDN Giese eae ARE EY eee 120,000 = 


TABLE 2—Grain Size of SAE 80A and 80B (Annealed Wire) 


AVERAGE GRAIN SIZE, MM 
ANNEALING DESIGNATION, MM 

Min Max 
0.015 —a 0.025 
0.025 0.015 0.035 
0.035 0.025 0.050 
0.050 0.035 0.070 
0.070 0.050 0.100 
0.100 0.070 = 


® Must be fully recrystallized. 


an angle of 180 deg around a pin of the same diameter without 
breaking. 

Dimensional Tolerance—The wire shall not vary from the 
specified diameter by more than the amounts listed in Table 18, 
under the section on Dimensional Tolerances of Wrought Copper 
Alloys. 


General Data 


Common Forms and Tempers— 
Wire—0.050 mm, 0.035 mm, 0.025 mm, 0.015 mm, one- 
eighth hard, quarter hard, extra hard, spring. 

Typical Uses—Brass wire is used for springs, locking wire, 
rivets, screws, and wrapping turnbuckles. 

Common Fabrication Processes—Forming and bending, head- 
ing and upsetting, squeezing and swaging. 

Similar Specifications—SAE 80A is similar to ASTM B 134, 
Alloy 6. SAE 80B is similar to ASTM B 134, Alloy 7; and to 
AMS 4712 and 4713. 


SAE 81—Phosphor Bronze Wire and Rod 
Chemical Composition 


AIS iy Se oe ccd tS ae eR tne A eR 3.50-5.80 
Phosphorus: Voneeten.. cs ocueas wert 0.03-0.35 
NCA CHET G watery ee ihc t eS Mey enn © 0.05 max 
TROL Gian Beye aoe earns Aus, sate, ww oO Thai 0.10 max 
PIV Gy 5 2. EceiB 2d Mees AI RSI Ee HERA 0.30 max 
Copper, Tin, and Phosphorus, %............ 99.50 min 


Physical Properties 


Tensile Properties—The tensile properties of hard-drawn wire 
and rod in spring temper shall conform to Table 1. 

Bend Test—Wire shall withstand being bent cold through an 
angle of 120 deg, without fracture, around a pin with a diameter 
two times the diameter of the wire. 

Dimensional Tolerances—The diameter, or the distance be- 
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tween parallel surfaces, shall be within the limits shown in 
Table 13, under the section on Dimensional Tolerances of 
Wrought Copper Alloys. 


TABLE 1—Tensile Properties of SAE 81 


MINIMUM TENSILE STRENGTH, PSI} mINIMUM ELONGA- 
WIRE DIAMETER, IN. TION IN 2 IN., 
Coils Rods G 
Through 0.025 145,000 125,000 = 
0.026-0 .0625 135,000 115,000 == 
0.063-0.125 130,000 110,000 a 
0.126-0 .250 125,000 105, 000 3.5% 
0.2510 .375 120,000 100,000 5.0 
0.376-0.500, incl. 105,000 90,000 9.0 


® Rods only. 


General Data 


Common Forms and Tempers— 
Wire—One-eighth hard to extra hard, spring. 

Typical Uses—Springs, switch parts, fasteners, cotter pins. 

Common Fabrication Processes—Bending and forming. 

Miscellaneous—Spring wire is frequently subject to embrittle- 
ment due to aging. This condition is generally difficult to detect 
by visual means or by the standard mercurous nitrate test. To 
correct this condition, the wire should be subjected to a stress- 
relieving anneal of 6 hr at 375 + 10 F, or its equivalent, imme- 
diately prior to use. 

Similar Specifications—This alloy is similar to ASTM B 159, 
Alloy A (wire); to ASTM B 189 (rod); and to AMS 4720. 


SAE 83—Annealed Copper Wire 


Chemical Composition 

The copper shall be of such quality and purity that when 
drawn and annealed, it shall have the physical properties and 
electrical characteristics herein required. 
Physical Properties 


Tensile Properties—The tensile properties of annealed wire 
shall conform to Table 1. 


TABLE 1—Tensile Properties of SAE 83 


DIAMETER, IN. MINIMUM ELONGA- 
& ERG oa TION IN 10 IN., 
Over | To and including | 7% 
0.289 | 0.460 36,000 35 
0.102 0.289 | 37,000 30 
0.020 0.102 38, 500 25 
0.003 0.020 = 20 


Finish—Wire shall be untinned and shall be free from all im- 
perfections not consistent with the best commercial practice. 
Necessary brazes in soft or annealed wire must be made in ac- 
cordance with the best commercial practice. 

Electrical Resistivity—Electrical resistivity shall be determined 
at a temperature of 20 C (68 F) and it shall not exceed 875.20 
ohms per mile-Ib (100% electrical conductivity IACS). 

Dimensional Tolerances—Wire sizes shall be expressed in 


decimals and shall conform to the following variations in nominal 
diameter: 

Sizes 0.010 in. and larger, plus and minus 1%. 

Sizes under 0.010 in., plus and minus 0.1 mil (0.0001 in.). 


General Data 


Typical Uses—Copper wire is primarily used for electrical pur- 
poses, but it is also used for metal spraying and copper brazing. 

Common Fabrication Processes—Heading and upsetting, roll 
threading and knurling, squeezing and swaging. 

Miscellaneous—The International Electro-Technical Commis- 
sion in 1913 agreed upon the value of 0.15328 ohms per meter- 
gram at 20 C (68 F) for the resistivity of copper and considers 
it equivalent to 100% conductivity. Tables for the electrical re- 
sistance of conductors are expressed in ohms, not in conductivity 
units, since ohms are more understandable. In these specifica- 
tions, the requirements for electrical resistance are stated as the 
maximum rejection limits of the resistivity, which is 0.15328 
ohms per meter-gram. 

For the convenience of those~who are accustomed to express 
resistivity inany one of the several more or less common units, 
the following equivalents have been prepared for the resistivity 
of copper at 20 C (68 F): Resistivity of 0.15328 ohms per meter- 
gram is equal to 875.20 ohms per mile-pound, 1.7241 microhms 
per centimeter-cube, 0.67879 microhms per inch-cube, or 10.371 
ohms per mil-foot. 

Similar Specifications—SAE 83 is similar to ASTM B 3 and to 
AMS 4701. 


SAE 88—Brass Forging Rod 
Chemical Composition 


Copper ,Wo-tlnctias 1233568 eee 58 .0-62.0 
Lie ads, Totat. te -vtrex nnd uid o> ey ee er ee 1.50-2.50 
iW Yo} cea ne Set RP eR ene ULE mcrae 0.380 max 
ZAC: £5. 2a ete Ee Dey ea Ae Remainder 


Physical Properties 


Physical properties on the rod are not ordinarily required. 
Tensile Properties of Forgings—Hot pressed forgings made of 
this alloy should have the following tensile properties: 


Tensile’Strengthy psi. 2. o+..0c. eee 45, 000-60, 000 
Hlongationin'2 in-7396)7.. ee ae hee 25-60 


Dimensional Tolerances—The diameter of round sections shall 
not vary from that specified by more than the tolerance given 
in Table 14 under the section on Dimensional Tolerances of 
Wrought Copper Alloys. 


General Data 


Common Forms and Tempers—Rod and extruded. 

Typical Uses—¥orgings and pressings of all kinds. 

Common Fabrication Processes—Heading and upsetting, hot 
forging and pressing, hot heading and upsetting, machining. 

Similar Specifications—SAE 88 is similar to ASTM B 124, 
Alloy 2, and to AMS 4614. 


(Continued on next page.) 
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| Dimensional Tolerances of Wrought Copper Alloys 


Dimensional tolerances for materials fabricated from copper 
and copper-base alloys shall be as specified in Tables 1-14. 


TABLE 1:—Thickness Tolerances for Sheets and Strips, SAE 70, 


71, and 79 
THICKNESS, IN. WIDTH, IN. 
Up to Over 8 | Over 14] Over 20} Over 28| Over 36] Over 48 
(Over To and +n. | tol4 | to 20 | to 28 | to36 | to 48 | to 60 
including | gjysiye | Mmclu- | imclu- | inclu- | inclu- | inclu- | inclu- 
sive sive sive sive | sive sive 
= 0.004 /0.0003/0.0006| — =< = = = 
0.004 | 0.006 {0.0004/0.0008/0.0013; — = a = 
0.006 | 0.009 |0.0006/0.001 |0.0015} — = a a 
0.009 | 0.013 |0.0008/0.0013)0.0018/0.0025/0 .003 |0.0035)0.004 
0.013 | 0.017 {0.001 |0.0015)0.002 |0.0025)0.003 |0.0035)0.0045 
0.017 | 0.021 |0.0013/0.0018/0.002 |0.003 /0.0035)0.004 |0.005 
0.021 | 0.026 |0.0015|0.002 |0.0025)0.003 |0.0035)0.004 |0.005 
0.026 | 0.037 0.002 |0.002 |0.0025/0.0035/0.004 |0.005 |0.006 
0.037 | 0.050 0.002 |0.0025/0.003 |0.004 |0.005 0.006 |0.007 
0.050 | 0.073 |0.0025/0.003 |0.0035/0.005 [0.006 |0.007 0.008 - 
0.073 | 0 180 {0.003 |0.0035|0.004 |0.006 |0.007 |0.008 {0.010 
0.180 | 0.188 |0.0035)0.004 |0.0045)0.007 |0.008 |0.010 |0.012 


® This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-1, Table I, Nonrefractory Alloys, April 1, 1948. 
The tolerances given are plus and minus; if tolerances are desired all plus or all 


| minus, double the values given. 


| TABLE 2*—Thickness Tolerances> for Sheets and Strips, SAE 77 


THICKNESS, IN. WIDTH, IN. 
Upto Over 8 | Over 14| Over 20| Over 28 | Over 36 | Over 48 

Over | .2o and FE. | to14 | to20 | to28 | to 36 | to 48 | to 60 
including alaaice inclu- | inclu- | inclu- | inclu- | inclu- inclu- 

sive sive sive sive sive sive 

a 0.004 |0.0004/0.0008; — = == = == 
0.004 | 0.006 |0.0006/0.001 |0.0015) — oe = = 
0.006 | 0.009 |0.0008/0.0013/0.002 | — = = = 
0.009 | 0.013 {0.001 |0.0015/0.0025} — = == = 
0.013-| 0.017 |0.0013/0.002 0.0025) — — — = 
0.017 | 0.021 |0.0015)0.0025/0.003 | — == — ae 
0.021 | 0.026 |0.002 |0.0025/0.003 |0.004 |0.005 |0.006 |0.007 
0.026 | 0.037 |0.0025)0.003 |0.0035)0.005 |0.006 |0.007 |0.008 
0.037 | 0.050 {0.003 |0.0035|0.004 |0.006 |0.007 |0.008 |0.010 
0.050 0.073 |0.0035/0.004 |0.0045/0.007 {0.008 {0.010 |0.012 
0.073 | 0.130 {0.004 |0.0045/0.005 |0.008 |0.010 |0.012 |0.014 
0.130 | 0.188 |0.0045|0.005 |0.006 |0.010 |0.012 |0.014 |0.016 
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TABLE 34—Thickness Tolerances for Drawn Rectangular Bars, 
SAE 78, Nonrefractory Alloys 


WIDTH, IN 

TYREE MLE E Up to ee mae Over 2.00 Ne ee 

¥% in- | to 14 | to 2.00 to 4.00 8.00 12.00 

clusive | inclu- inclu- | inclusive | inclu- inclu- 

sive sive sive sive 
Over 0.188 to 0.500 

inclusive. ......... 0.0035/0.004 |0.0045) 0.0045 |0.006 |0.008 
Over 0.500 to 1.00 

INCISIVE ee — |0.0045)0.005 | 0.005 {0.007 |0.009 
Over 1.00 to 2.00 in- 

clusives.2... os. -~. — {0.005 0.005 | 0.006 |0.008 | — 
Over 2.00 to 4.00 in- 

Clusiverns ovis: — — — |0.30%> | — — 


* This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-4, Table I, Nonrefractory Alloys, April 1, 1948. 
b Expressed to the nearest 0.001 in. 


TABLE 4:—Thickness Tolerances for Drawn Rectangular Bars, 
SAE 701, Refractory Alloys 


WIDTH, IN. 

HELO SSE USE Up to ae vie Over 2.00 es te 
Yin- | to14% | to 2.00] to 4.00 8.00 12.00 
clusive | inclu- | inclu inclusive | inclu- | inclu- - 

sive sive sive sive 
Over 0.188 to 0.500 
ANCLUSEVC irene ae 0.005 |0.005 |0.006 | 0.007 (0.009 |0.012 
Over 0.500 to 1.00 
ANClUSIVe™s.. qo. 6 es — |0.006 |0.007 | 0.008 0.010 |0.013 
Over 1.00 to 2.00 in- : 
ClUSIVEln eee — |0.006 |0.007 | 0.009 (0.011; — 
Over 2.00 to 4.00 in- 
Clisiver ene — — — |0.50%> | — — 


® This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-4, Table I, Refractory Alloys, April 1, 1948. 
Expressed to the nearest 0.001 in. 


TABLE 5:—Wall Thickness Tolerances» for Tubing, SAE 74 and 
75, Nonrefractory Alloys 


OUTSIDE DIAMETER, IN. 
WALL THICKNESS, IN. Yo Vibes ee Over ics ie | 4 
EN ASG. Celina eet, ad Aesth valians heel 
inc. u- . hs . ¥ inc - 2, -| inclu- a 
Sve | imc | neu | Ee" | ala neo inl 
0.380 and over.. ..... —| — — 5% | 5% | 6% | 6% 
0.284 up to 0.380...... — — (0.011 |0.012 \0.014)0.016)0.018 
0.220 up to 0.284...... — |] — {0.009 |0.010 |0.012\0.014/0.016 
0.165 up to 0.220...... — |0.007 |0.0075|0.008 |0.010/0.012/0.014 
0.120 up to 0.165.....| — |0.005 [0.006 |0.006 |0.008/0.010/0.012 
0.083 up to 0.120.....) — |0.004 |0.005 |0.005 |0.007|0.009/0.011 
0.058 up to 0.083. ....| — |0.0035/0.004 |0.004 |0.006)0.008/0.010 
0.035 up to 0.058. . .. .|0.003/0.003 |0.0035/0.0035|0.005|0.007) — 
0.025 up to 0.035. . .. .{0.003/0.0025/0.0025|0.003 |0.004, — | — 
0.018 up to 0.025. . .. .|0.003/0.002 |0.002 |0.0025| — = + 
Under 0.018.......... 0.002/0.001 |0.0015)0.002 | —| —j| — 


* This table conforms with Copper and Brass Research Association Standards, 


Flat Products, 


age FP-1, Table I, 


fractory Alloys, April 1, 1948. 


» The tolerances given are plus and minus; if tolerances are desired all plus or all 
minus, double the values given. 


* This table conforms with Copper and Brass Research Association Standards, 
Tube, page Tube-1, Table I, July 20, 1949. 

> The tolerances given are plus and minus; if tolerances are desired all plus or all 
minus, double the values given. 
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TABLE 6a*—Width Tolerances” for Sheets and Strips, SAE 70, 
71, 77, and 79, Slit Metal and Slit Metal with Rolled Edges 


TABLE 7*—Width Tolerances for Rectangular Bars (Not Including 
Squares»), SAE 701 and 73 


THICKNESS, IN. 
WIDTH, IN. 
0.004 to 0.032 Over 0.032 to 0.187 
inclusive inclusive 
Upto 2 inelusive:.. .0...-b.-.08 0.005 0.010 
Over 2 to 8 inclusive............ 0.008 0.013 
Over 8 to 14 inclusive........... Yea Ya 
Over 14 to 20 inclusive.......... Ye4 Yea 


® This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-2, Table Tt. Dec. 7, 1949. 

> The tolerances given are plus and minus; if tolerances are desired all plus or all 
minus, double the values given. 


TABLE 6b*:—Width Tolerances? for Sheets and Strips, SAE 70, 
71, 77, and 79, Square Sheared Metal in All Lengths Up 
Through 120 Inches 


THICKNESS, IN. 
WIDTH, IN. 
Up to 4 lu-| O Vie to 4% 
ihe oe z ie Over 38 
Up to 20 inclusive........ Yee ¥4 {he 
Over 20 to 36 inclusive... 34 %ea Me 
Over 36 to 60 inclusive... Ve Yeo V6 


® This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-2-A, Table II, Dec. 7, 1949. 

> The tolerances given are plus and minus; if tolerances are desired all plus or all 
minus, double the values given. 


TABLE 6c*—Width Tolerances» for Sheets and Strips, SAE 70, 
71, 77, and 79, Rolled Edge Metal (Not Previously Shit)° 


WIDTH TOLERANCES, IN. 
NDE SEEN Nonrefractory Refractory ello 
SAE 70.3 71, 79 SAE 77 
Up to 0.050 inclusive........... 0.0013 0.0015 
Over 0.050 to 0.090 inclusive. ... 0.0015 0.002 
Over 0.090 to 0.130 inclusive.... 0.002 0.003 
Over 0.130 to 0.188 inclusive. ... 0.003 0.004 
Over 0.188 to 0.500 inclusive. ... 0.0035 0.005 
Over 0.500 to 1.25 inclusive..... 0.005 0.007 
Over 1.25 to 2.00 inclusive..... 0.008 0.010 
Over 2.00 to 4.00 inclusive...... 0.012 0.015 
Over 4.00 to 12.00 inclusive..... 0.30%! 0.50%! 


® This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-4, Table II, April 1, 1948. 
> The tolerances given are plus and minus; if tolerances are desired all plus or all 
minus, double the values given. 
4 © Available only in products produced from round wire, wire bars, or extruded 
shapes. 
d Expressed to nearest 0.001 in. 


TABLE 6d*—Width Tolerances» for Sheets and Strips, SAE 70, 
71, 77, and 79, Sawed Metal 


FOR LENGTHS UP TO 10 FT | FOR LENGTHS OVER 10 FT 
WIDTH, IN. For thick- : For thick- A 
4 For thick- For thick- 
nes He to nesses over aenry BP to nesses over 
inclusive 1% in, inclusive 1/4 in, 
Up to 12 in. wide, 
mchusive ’; 2.0. Vo Ve 34 Ye 
Over 12 in. wide to 
120 in., inclusive. . Ye V6 Ye Ye 


* This tabla conforms with Copper and Brass Research Association Standards, 
Fist Products, page FP-2-A, Table III, Dee. 7, 1949. 


> The tolerances given are plus and minus; if tolerances are desired all plus or all 
minus, double the values given. 


NON REFRACTORY REFRACTIORY ALLOY 
WIDTH, IN. SAE 73 SAE 
Up to 0.050 inclusive........... 0.0013 0.0015 
Over 0.050 to 0.090 inclusive. ... 0.0015 0.002 
Over 0.090 to 0.130 inclusive. ... 0.002 0.003 
Over 0.130 to 0.188 inclusive.... 0.003 0.004 
Over 0.188 to 0.500 inclusive. ... 0.0035 0.005 
Over 0.500 to 1.25 inclusive..... 0.005 0.007 
Over 1.25 to 2.00 inclusive...... 0.008 0.010 
Over 2.00 to 4.00 inclusive. ..... 0.012 0.015 
Over 4.00 to 12.00 inclusive. .... 0.30%: 0.50% 


8 This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-4, Table II, April 1, 1949. 

b For squares, use thickness Se a of Tables 3 and 4. 

© Expressed to the nearest 0.001 in. 


TABLE 8a*—Siraighiness Tolerances in Inches, SAE 70, 71, 77, 
and 79; Maximum Edgewise Curvature (Depth of Arc) in 
Any 72-In. Portion of Total Length 


WIDTH, IN. 


; Over | Over | Over 
¥% in. | in. | 1 in. to} 2 in. to Over 


2i 
under | inclu- | inclu- | inclu- 5 in, 
sive sive sive 
Slit Metal 
As slit, shipped in rolls...... 3 1%) % 54 % 


With rolled edges or as 
straightened, shipped flat 
OPM TOs. ee eee Wy yl w& 4% ¥% 


Rolled Edge Metal (Not Pre- 

viously Slit) 
Shipped in straight lengths, 
in rolls, or on bucks....... 4% w| ¥& aA a 
Shipped on reels or in stag- 
ger wound rolls>........... — — — _ _— 


* This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-3, Table I, Dec. 7, 1949. 
bNo straightness tolerances established. 


TABLE 8b*—Straighiness Tolerances, SAE 70, 71, 77, and 79; 
Square Sheared Metal Not Over 120 Inches in Length 


TOLERANCES, IN. 


THICKNESS, IN. 
Up to 10 in., inclines Over i0/in. inteide 


in wi 
Pgrandiunders wed. oekey Mie Yo 
Over 1g to 36, inclusive. . K 34 
Over Sig eee \ Me 


* This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-3, Table Ir a 7, 1949. 


TABLE 8c*—Straightness Tolerances, SAE 70, 71, 77, and 79; 
Sawed Metal Not Over 144 Inches in Length 


WIDTH, IN. TOLERANCES, IN. 
3-and Under Si onee-) ae ses tee ee Ke 
OWeri 3 ot vise cats ae eee aad 364 


* This table conforms with ies and Brass Research Association Standards, 
Flat Products, page FP-3, Table III, Dee. 7, 1949. 


TABLE 9a:—Length Tolerances in Inches, SAE 70, 71,77, and 79; 
Flat Straight Lengths and Only Full-Length Pieces 


LENGTHS TOLERANCES 
Specific lengths, 
NE MUORMAOMUHIMCIUSIVGcs ooo ce eid hs owes ees ye 
over 10 ft to 20 ft inclusive................ 4 
Specific lengths with ends................... 1 
Stock lengths with or without ends.......... jb 


8 This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-2, Table I, Dec. 7, 1949. 

> Because stock lengths are cut and placed in stock in advance of orders, departure 
from this tolerance is not practicable. 


TABLE 9b*—Length Tolerances in Inches, SAE 70, 71, 77, and 79; 
Square Sheared Metal 


FOR THICKNESSES, IN. 
LENGTH AND WIDTH, IN. 
Up sain Over Me to % Over 8 
Up to 20 inclusive........ Yoo ¥a Ke 
Over 20 to 36 inclusive ... 364 34 AG 
Over 36 to 120 inclusive. . Ve Meo Ye 


4 This table conforms with Copper and Brass Research Association Standards, 
Flat Products, page FP-2-A, Table I, Dec. 7, 1949. 


TABLE 10*—Length Tolerances for Rods, Bars, and Shapes, SAE 
701, 72, and 73 


LENGTHS TOLERANCE , IN. (ALL Pius)» 
pe citiculenppanimnn. merece sae gs te , 84 
Specific lengths with ends............. 1 
Stock lengths with or without ends.... 1c 


None established 


| ® This table conforms with Copper and Brass Research Association Standards, 
_ | Flat Products, page FP-5, Table I, May 7, 1948. 
Nie » Tf all minus tolerances are desired, use the same values; if tolerances are desired 
plus and minus, halve the values given. 
© Because stock lengths are cut and placed in stock in advance of orders, departure 
from this tolerance is not practicable. 


_ TABLE 11*—Diameter Tolerances» for Rods, Bars, and Shapes, 
SAE 701, 72, and 73 


NONREFRACTORY ALLOYS REFRACTORY ALLOYS 
DIAMETER (OR DISTANCE BETWEEN ha EAE 105 
PARALLEL SURFACES), IN. 
Round | Beqsonal | Round | Geragonal 
| Up to 0.150 inclusive... ..| 0.0013 | 0.0025 0.002 — 
| Over 0.150 to 0.500 inclu- 
Cire: ied) Aaa 0.0015 0.003 0.002 0.004 
Over 0.500 to 1.00 inclu- 
BIVEl mene e fee MAS ALE 0.002 0.004 . | 0.003 0.005 
Over 1.00 to 2.00 inclu- 
BIVeLe ree. fit. i at 0.0025 0.005 0.004 0.006 
Over DOO Prey sue. Heiss 0.15%: | 0.30% 0.20%: | 0.40%: 


® This table conforms with Copper and Brass Research Association Standards, 
Rod, page Rod-1, Table I, Feb. 26, 1948. 
’ > The tolerances given are plus and minus; if tolerances are desired all plus or all 
minus, double the values given. 
© Expressed to the nearest 0.001 in. 
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TABLE 12*—Average Diameter» Tolerances for Tubing, SAE 74, 
75, and 76 


TOLERANCE,® IN. 


DIAMETER TOLERANCE 


SPECIFIED DIAMETER, IN. RarERaino fopralloys Refractory 

15 SAE 76 

Up to  inclusive........ Inside 0.002 0.003 
Up to }% inclusive........| Outside 0.002 0.0025 
Over 1é to 5g inclusive ...| Inside or Outside] 0.002 0.0025 


Over 5g to 1 inclusive. ...| Inside or Outside} 0.0025 | 0.003 


Over 1 to 2 inclusive..... Inside or Outside} 0.003 0.004 
Over 2 to 3 inclusive..... Inside or Outside} 0.004 0.005 
Over 3 to 4 inclusive..... Inside or Outside} 0.005 0.006 
Over 4 to 5 inclusive..... Inside or Outside] 0.006 0.008 
Over 5 to 6 inclusive..... Inside or Outside} 0.007 0.009 
Over 6 to 8 inclusive..... Inside or Outside} 0.008 0.010 
Over 8 to 10 inclusive....} Inside or Outside] 0.010 0.013 


* This table conforms with Copper and Brass Research Association Standards, 
Tube, page Tube-1, Table III, July 20, 1949. 

b The average diameter of a tube is the average of the maximum and minimum 
outside diameters or of the maximum and minimum inside diameters, as determined 
at any one cross-section of the tube. 

© All tolerances plus and minus. 


TABLE 13:—Diameter Tolerances» for Wire, SAE 80 and 81 


NONREFRACTORY REFRACTORY 
ALLOY ALLOY 
SAE 80 SAE 81 
DIAMETER (oR DISTANCE BETWEEN PARALLEL 
SURFACES), IN. Hexag- Hexag- 
Round | guide. | Round| ovi2y. 
onal ona. 
Up to 0.010 inclusive............6¢.. 0.0001; — {0.0002} — 
Over 0.010 to 0.020 inclusive......... 0.0002} — {0.0003} —- 
Over 0.020 to 0.080 inclusive......... 0.0003} — |0.0005) — 
Over 0.030 to 0.040 inclusive......... 0.0004/0 .0008/0..0007|0.002 
Over 0.040 to 0.050 inclusive......... 0.0005/0.0010)0 .0008/0 .003 
Over 0.050 to 0.060 inclusive......... 0.0006/0 .0012/0.0010)0.003 
Over 0.060 to 0.080 inclusive......... 0.0008/0.0016)0 .0015/0.004 
Over 0.080 to 0.150 inclusive......... 0.0010/0.002 0.002 |0.004 
Over 0.150 to 0.500 inclusive......... 0.0015/0.003 |0.002 10.004 
Over 0.500 to 0.750 inclusive......... 0.002 10.004 |0.003 |0.005 


® This table conforms with Copper and Brass Research Association Standards, 
Rod, page Rod-1, Table IV, Feb. 26, 1948. 

> The tolerances given are plus and minus; if tolerances are desired all plus or all 
minus, double the values given. 


TABLE 14*—Diameter Tolerances> for Brass Forging Rod, SAE 88 


DIAMETER, IN. TOLERANCES, IN. ROUND, 


SQUARE, RECTANGULAR, HEX- 


Over To and including SO EO e CONAT 
0 1.00 0.010 
1.00 2.00 0.015 
2.00 3.00 0.025 
3.00 3.50 0.035 
3.50 4.00 0.060 


§ This table conforms with Copper and Brass Research Association Standards, 
Rod, page Rod-2, Table I, Nonrefractory Alloys, Aug. 26, 1948. 
4 b The tolerances given are plus and minus; if tolerances are desired all plus or all 
minus, double the values given, 
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Alumium Alloys 


SAE General Information 


Report of Nonferrous Metals Division approved January 1934 and last revised by Nonferrous Metals Technical Committee January 1950. 


Sources of Aluminum—Although compounds of aluminum 
form a part of every clay deposit the world over, the principal 
commercial ore is bauxite, composed primarily of hydrated 
aluminum oxide with the oxides of iron, silicon, and titanium as 
impurities. Workable deposits of this ore are located in many 
parts of the world, but the ones used as the primary sources of 
raw material for the aluminum industry of this country are in 
Arkansas and Surinam. Of these, the South American beds hold 
the largest reserves. 

Aluminum, unlike most other common metals, cannot be won 
from its ores by simple and inexpensive smelting operations. The 
bauxite must first be treated chemically in order to secure alumi- 
num oxide of high purity; then this oxide must be reduced to 
metal by an electrolytic process. Several different processes are 
used for producing pure alumina from the ore, but the most com- 
mon one used inthis country is the Bayer process. The electrolytic 
reduction process consumes large amounts of electric power, and 
to be economical, requires that reduction operations be located 
near sources of cheap power. Although aluminum of a purity up 
to about 99.9% is produced on a limited commercial scale in the 
usual reduction pots, the normal pure aluminum of commerce 
ranges in purity from about 99.0 to 99.5%. The usual impurities in 
the commercially pure metal are iron and silicon, although small 
amounts of copper and spectrographic traces of a number of other 
elements also may be present. 

Properties—Commercially pure aluminum is a face-centered 
cubic metal with a specific gravity of about 2.71 (0.098 lb per 
cu in.), a thermal conductivity of about 0.52 cgs units (at 25 C), 
and a melting point of approximately 1215 F. Its coefficient of 
thermal expansion (approximately 0.000013 per F) is about 
twice that of steel or cast iron and about one third greater than 
that of copper or brass. The electrical conductivity of pure 
aluminum is about 61% of the International Annealed Copper 
Standard (35.38 < 104 mhos per em cubed at 20 C). In the form 
of sand-cast test bars, the commercially pure metal has a tensile 
strength of about 14,000 psi and an elongation of about 30% in 
2 in., while sheet in the annealed temper has a tensile strength of 
the order of 13,000 psi and an elongation of about 45% in 2 in. 
The modulus of elasticity, for all practical purposes, is 10,000,000 
psi. The commercially pure metal is highly resistant to atmos- 
pheric corrosion and to attack by many chemicals, with the no- 
table exception of strong alkalis. Because it is so high in the elec- 
trochemical series, however, it is subject to galvanic attack if 
coupled with metals such as the copper alloys in the presence of a 
good electrolyte. ; 

Alloying Elements—Additions of alloying elements usually 
increase the specific gravity (silicon and magnesium lower it), 
decrease the electrical and thermal conductivity and the melting 
point, increase the strength, and have a rather slight effect on 
the coefficient of thermal expansion and the modulus of elasticity. 
Some alloying elements, alone or in combination, produce alloys 
susceptible to heat-treatment. The effect of alloying elements on 
the resistance to corrosion varies somewhat, but alloying addi- 
tions generally lower the resistance to corrosion of the pure 
aluminum. The alloying elements commonly used in this country 


are copper, silicon, magnesium, manganese, zinc, and nickel, with 
the three first named by far the most common. 

Working and Heat-Treating—Aluminum and its commercial 
alloys, being rather ductile materials, can be hot or cold worked 
into most of the common manufactured forms. The commercially 
pure metal and some of the alloys are not heat-treatable composi- 
tions, and attain their strengths either by virtue of the alloy 
content or because of strain hardening resulting from cold work. 
The strength of many of the alloys, however, can be further in- 
creased by suitable heat-treatments. . 

The response of an aluminum alloy to heat-treatment depends 
on the presence of one or more alloying elements substantially 
more soluble in aluminum at temperatures of about 900 to 1000 F 
than at room temperature. By heating the material for a sufficient 
time at the high temperature, the alloying elements are sub- 
stantially dissolved by the aluminum; and by quenching rapidly 
from the solution treating temperature, the elements are retained 
in solution. Longer heating times are required for castings than 
for wrought products, and for heavy as compared to light sections. 
The quench should be as rapid as possible in order to secure the 
highest resistance to corrosion, although castings cannot be too 
drastically quenched for they may crack or develop such high 
internal stresses that excessive distortion during machining is 
encountered. 

Certain of the heat-treatable alloys, notably the so-called 
duralumin type alloys, age harden considerably at room tempera- 
ture within a few days after quenching; the others, although 
they harden slowly at room temperature, must be heated to about 
300 F for a few hours to attain their maximum strengths. Even 
the alloys which age harden substantially at room temperature 
can be made to develop even greater strength by an elevated 
temperature treatment. It is generally agreed that the age hard- 
ening results from the precipitation of alloying elements or 
compounds from the supersaturated solid solution in the form 
of minute particles. It is believed that these particles, because of 
their critical size and location in the crystal structure, impede or 
prevent slip and thus increase the strength of the metal. Because 
of the phenomenon involved, these aging treatments often are 
referred to as precipitation treatments. In this connection, it is 
interesting to note that the better workability of the as-quenched 
material can be retained in those alloys which age at room tem- 
perature by the simple expedient of storing the quenched ma- 
terial at about 0 F. 

The effects of either cold work or heat-treatment on the 
strength and workability of the materials can be removed by 
annealing at temperatures of about 600 to 800 F, depending on 
the alloy and temper. It must be remembered, however, that the 
strength of a nonheat-treatable alloy can only be regained, after 
annealing, by the introduction of additional cold work. 

Temper Designations—The standards in the past have em- 
ployed rather arbitrary temper designations for aluminum cast- 
ing alloys, while generally following commercial practice in the 
temper designations for wrought alloys. Since the industry has 
now adopted a uniform terminology, these new commercial desig- 
nations are being used in the standards. For a while, the temper 
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designations formerly used in the standards will be included, in 
parentheses, after the new designation to simplify conversions 
and to minimize confusion. A brief description of the new des- 
ignations is given below; more detailed information can be se- 
cured from the manufacturers. 

Wrought aluminum alloys are of two types: those strengthened 
by cold work (Type 1), and those which respond to heat-treat- 
ment (Type 2). With minor exceptions all wrought alloys of 
both types are commercially available in the annealed (O) and 
the as-fabricated (F) conditions. 

The casting alloys, too, are similarly divided into two types: 
the Type 1 alloys either do not respond to heat-treatment or, 
for practical purposes, are not used in a heat-treated temper; 
while the Type 2 alloys are those in which heat-treatment is the 
usual practice. Annealing is not usually considered as a heat- 
treatment, but it is a treatment which can be applied to either 
type of casting alloy. 

In the Type 1 wrought alloys, the temper of material cold 
worked to the maximum practicable degree has, in the past, been 
called hard (or full hard) and designated by the letter H. The 
standard tempers intermediate between the annealed and hard 
have been called quarter hard, half hard, and three-quarters 
hard and designated 14H, 14H, or 34H. While it generally has 
been considered that these tempers were produced simply by cold 
reduction of the cross-sectional area, this has not literally been 
the practice for alloys like SAE 201, and is not the only possible 
method of producing some intermediate tempers of SAE 25 and 
29. The fabricating practices for SAE 201, for example, usually 
include a final thermal treatment to stabilize the mechanical 
properties; and it is possible with SAE 25 and 29, to produce an 
intermediate temper by partially annealing a highly cold-worked 
material. The old designations did not recognize these variations, 
but the new system provides for them, even though the partially 
annealed product is not in regular commercial use. 

The temper designation for the wrought materials which have 
been only cold worked consists of the symbol Hi and a number 
indicating the degree of cold working. The standard tempers are 


| Hi2 (34H), H14 (34H), H16 (34H), and H18 (H) and are the 


ones normally applicable to SAE 25 and 29 sheet, tubing, and 
wire. For material brought to the desired level of strength by 
partial annealing, the designation consists of the symbol H2 and 
a number indicating the level of strength. The resulting designa- 
tions thus become H22, H24, H26, and H28. 

When the material is cold worked to the desired level of 
strength and then stabilized, as is the usual practice for SAE 20 


TABLE 1—Old and New Temper Designations 
for Aluminum Alloys 


NEW DESIGNATIONS® 


OLD DESIGNATION |Strain hardened |Strain hardened 


Strain hardened |", 54 then par- and then 
tially annealed®| stabilized? 
DATING WATCH) aeukn eiced ss H12 H22 H32 
46H (14 hard)............ H14 H24 H34 
Als UNGAR CY: 5 |) eee H16 H26 H36 
VCS CIS H18 H28 H38 
¥ (as-fabricated)......... F o — 


4 The temper designation for annealed material of any alloy is O. 

> Standard tempers for SAE 25 and 29. 

© Not commercially standard. i 

4 Standard tempers for SAE 20 and 201; these alloys also available in F temper. 


and 201, the temper designation consists of the symbol H3 and 
the temper number. Thus, the standard commercial tempers for 
SAE 20 and 201 are H32 (14H), H34 (14H), H36 (34H), and 
H38 (H). 

While the heat-treatable wrought alloys (Type 2) can be pro- 
duced in the cold-worked tempers of the H1 series, the properties 
of the cold worked materials are not commercially attractive; 
and the tempers are, therefore, not considered standard. 

In planning the new nomenclature system, provision has been 
made for a considerable variety of tempers which, at least theoreti- 
cally, can be produced in wrought alloys by various combinations 
of heat-treatments and cold working, and in castings by combina- 
tions of heat-treatments. In many alloys, only a few of these pos- 
sible tempers have commercial significance. In brief, however, 
the temper designations for Type 2 alloys are as follows: 


O —Annealed (wrought products only) 

T2 —Annealed (castings only) 

T3 —Solution heat-treated and then cold worked 

T4 —Solution heat-treated 

T5 —Artificially aged only 

T6 —Solution heat-treated and then artificially aged 

T7 —Solution heat-treated and then stabilized 

T8 —Solution heat-treated, cold worked, and then arti- 
ficially aged 

T9 —Solution heat-treated, artificially aged, and then cold 
worked 

T10—Artificially aged and then cold worked 

F W—As fabricated 


Since O has long been used as the temper designation for an- 
nealed wrought alloys and T2 as the designation for annealed 
castings, both symbols were retained in the new system. In addi- 
tion. to the designations described above, the system provides 
that ‘““W” shall be used to denote the temper of material which 
has been solution heat-treated but which does not have stable 
properties (that is, continuously age-hardens at room temperature 
for some time). As far as these standards are concerned, the 
designation ‘‘W” is of academic interest. 

One of the basic principles applying to the use of these temper 
designations is that a given symbol, when applied to a specific 
alloy and product, denotes a definite set of specification physical 
properties as well as a given type of heat-treating practice. The 
symbol does not necessarily definite the time and temperature of 
the thermal treatments nor, where working is part of the cycle, 
the specific amount of cold work; the details of the practice may 
be varied as desired or convenient if the end result, as expressed 
by specified minimum mechanical properties, is unchanged. On 
the other hand, if a variation in the details of the practice, with- 
out changing the type of practice, produces a change in the ac- 
ceptable specification mechanical properties, a modification of the 
temper designation is in order. For example, a material solution 
heat-treated and artificially aged by one practice may develop 
consistently higher strength than the same material heat-treated 
and aged by a different practice, and both levels of strength may 
be commercially useful. In such a case, the one temper may be 
designated T'6 and the other T61. Normally, the simple designa- 
tion (T6) will be used for the temper first commercialized, and 
the more complex symbols employed for subsequently developed 
(or limited purpose) tempers. Multi-digit symbols are more com- 
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mon for castings than for wrought products; but, in both classes 
of product, the first number after the T defines the type of treat- 
ment and subsequent numbers serve only to define the specific 
properties to be expected. 

Welding and Brazing—Aluminum and most of its alloys can 
be welded by the common fusion and electrical-resistance meth- 
ods, although experience is required to attain the best results. 
The facility with which the alloys can be welded depends, to a 
considerable extent, upon the composition. Commercially prac- 
tical torch, dip, and furnace brazing procedures are available 
and are being used to an increasing extent. Welding frequently 
is used in the foundry in the repair of minor casting defects, such 
as small cracks and sand holes. In planning welded or brazed 
assemblies, however, it must be recognized that the temperatures 
reached during the joining operations are above the annealing 
temperature. Fusion welding of heat-treated materials is not 
generally recommended unless reheat-treatment is practicable, 
because the heat of welding not only affects the strength, but also 
may reduce the resistance to corrosion. 

Forming—Aluminum and its alloys can be formed hot or cold 
with considerable ease, although the bend radii for cold forming 
and the allowance for spring-back must be increased as the 
strength of the material increases. For severe forming, very deep 
drawing, orspinning, the annealed (O) temper usually is employed; 
while for the less drastic operations, the intermediate, cold- 
worked temper (H12, H22, or H32; or H14, H24, or H34), or the 
as-quenched (T3 or T4) temper usually is selected. The full hard 
(H18, H28; or H38) or the heat-treated and aged (T6) tempers 
are not usually used where more than slight forming is required. 


Heat-treatable alloys, however, can often be formed in the an-. 


nealed or the as-quenched tempers and subsequently heat-treated 
to the desired temper. 

Machining—The aluminum alloys can generally be machined 
easily, if suitable practices and proper tools are used. In fact, 
considerable tonnages of aluminum-alloy rods and bars are regu- 
larly used for making screw-machine products. 

Finishing and Coating—The aluminum alloys can be given a 
wide variety of mechanical, chemical, electrochemical, or paint 
finishes. The more common mechanical finishes include sand or 
grit blasting, scratch brushing, and buffing, while the chemical 
finishes may be a simple dip coating or an etching treatment. 
The possibility of generating an explosive mixture of finely 
powdered metal and air should be borne in mind in connection 
with mechanical finishing operations. Paint coatings may be 
either a clear lacquer or a pigmented coating and may be applied 
to secure either decoration or protection, or both. Electroplating, 
although not extensively practiced in the past, is now gaining 
increased commercial use. 

Anodic coatings can be produced to provide good protection 
against corrosion and are also good bases for subsequent paint 
coatings. These coatings can be dyed, and they make possible a 
variety of colored surfaces suitable for many decorative applica- 
tions. Their hard, wear-resisting surface is made use of in many 
applications. 

To simplify presentation of information about the aluminum 
alloys, the materials have been grouped under the general head- 
ings of casting alloys and wrought alloys. Generally speaking, 
a given composition is not used commercially for both wrought 
and cast products, and the casting alloys usually contain a some- 
what greater total alloy content than the wrought alloys. When 


yield strength is specified, it is that stress at which the stress- 
strain curve deviates 0.2% from the modulus line. 


Aluminum Casting Alloys 


The SAE Standard on Aluminum Casting Alloys covers a 
wide range of castings for general and special applications but 
does not include all of the alloys in commercial use. If those 
listed do not have the required characteristics, it is recommended 
that the manufacturers of aluminum castings be consulted. 

There are two general types of cast-aluminum alloys which, 
for convenience, are called Types 1 and 2 in the Standard. The 
Type 1 alloys normally are used in the as-cast condition (F) but 
may be annealed (T2) to relieve casting stresses, or to reduce the 
possibility of distortion during machining. The Type 2 alloys 
usually are used in a heat-treated condition because of the in- 
creased strengths resulting from the heat-treatment. These 
treatments generally consist of a high-temperature solution 
treatment, followed by quenching in water, and a low-tempera- 
ture aging treatment (T6). 

By aging the solution-treated castings at higher temperatures 
(T7), a product having more stable properties in service at ele- 
vated temperatures and one less likely to distort during machin- 
ing is obtained. Occasionally, the aging treatment is omitted and 
the castings are used in the quenched condition (T4) ; at other times 
(especially in castings to be used at elevated temperatures) the 
solution treatment is omitted and the castings are merely stabi- 
lized or aged (T5). Various combinations of properties can be 
secured by adjusting the thermal treatments, but only the com- 
monly-used conditions form a part of the SAE Standard. 

The physical properties shown in the Standard are the values 
that should be obtained from standard test specimens separately 
cast under conditions that duplicate as closely as possible the 
conditions of solidification of the casting, and tested without 
machining except to adapt the ends to the grips of the testing 
equipment. The properties for sand-casting alloys were obtained 
from %-in. diameter standard test bars cast without chills in 
green sand molds, and the properties for the permanent-mold 
alloys were obtained from test bars cast in a metal mold. The 
properties given for die-casting alloys were obtained from die-cast 
test bars similar to the one shown in ASTM E 8. 

The properties obtained from test specimens machined from 
castings will vary, depending upon the location from which the 
bar is taken. Specimens taken from thin sections may have pro- 
perties higher than those of separately cast test bars, while speci- 
mens taken from heavy sections or from locations near gates or 
risers may show lower properties. These relations are not peculiar 
to aluminum-alloy castings but are the same in the castings of 
other metals. In general, when test bars machined from a casting 
are used as the basis for acceptance or rejection, it is a standard 
requirement that three or more bars, taken to represent the 
thickest, the thinnest, and an average cross-section, shall have an 
average tensile strength not less than 75% of the specified 
tensile strength and an elongation not less than 25% of the speci- 
fied elongation. The separately cast test specimen serves as & 
control of the metal quality, and in the case of heat-treated 
alloys, serves also as a control of the heat-treatment process, 
since such test bars must be heat-treated with the castings that 
they represent. Factors of safety used in design cover the varia- 
tions of commercial castings from the properties specified for the 


| alloy, which are based on tests of separately cast test specimens. 
| The choice among the alloys depends upon the service require- 
| ments of the casting and in some cases upon the ability to pro- 
| duce the desired part. Some of the alloys are adapted for use at 
| elevated temperatures, some are particularly resistant to corro- 


| sion under severe conditions of exposure, and some are more 

easily cast into complicated shapes that require pressure tight- 
| ness. Others may be chosen primarily because of their lower cost 
| where physical property requirements are of secondary impor- 
| tance. Specifications for the individual alloys indicate typical 
| applications which will assist in the choice of alloy for any pur- 
| pose. 

The physical properties and dimensional tolerances required, 
the number of castings to be made, the surface finish desired, and 
| the amount of machining necessary are factors to be considered 
| in deciding among sand, permanent-mold, and die castings. Sand 
castings usually are used when the number required is small, 
' when a smooth surface is not required, or can be secured eco- 
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nomically by machining, and when close tolerances on as-cast 
dimensions are not essential. Permanent-mold castings usually 
have a smoother finish and may thus require less machining, can 
be cast to closer tolerances, and, for the same chemistry, generally 
have slightly higher properties. Die castings can be held to much 
closer tolerances than either sand or permanent-mold castings. 
In addition, practically all holes can be included, and the cast- 
ings have a smooth surface requiring a minimum of preparation 
for final finishings. The uniformity of the castings makes for 
simpler tooling and lower costs of subsequent machining opera- 
tions. The savings resulting from these lower machining and fin- 
ishing costs are the determining factor in deciding what volume 
is necessary to justify the cost of the die. Producers of castings 
should also be consulted to insure the selection of the most suit- 
able and economical casting method and the alloy best suited 
for conditions under which the casting will be used. 

In the design of patterns for the production of aluminum-alloy 
sand castings, a shrinkage of 0.156 (54) in. per ft is usually al- 


SAE 


Number USUAL FORM GENERAL DATA 
300 Permanent Mold | Pistons primarily. 
Castings 
304 Die Castings Good casting characteristics and 

: resistance to corrosion. 

305 Die Castings Highly resistant to corrosion; ex- 
cellent casting characteristics; 
used for complicated castings of 
thin section. 

306 Die Castings Good casting characteristics and 
fair resistance to corrosion; not 
especially suited for thin sec- 
tions; limited to cold-chamber 
machines. 

307 Die Castings Similar to SAE 306 but casts less 
easily. 

308 Die Castings Same as SAE 306 but suitable for 
use in either cold-chamber or 
gooseneck machines. 

309 Die Castings Excellent casting characteristics; 
suited for use in thin-walled or 
intricate castings produced in 
cold-chamber casting machine; 
corrosion resistance high. 

310 Sand Castings General-purpose structural cast- 

__ings developing strengths equiv- 
alent to SAE 38 without requir- 
ing heat treatment. 

320 Sand Castings Moderate strength; high resistance 
to corrosion. 

321 Permanent-Mold |} Pistons, low expansion. 

Castings 
322 Sand and Per- | General use where high strength 
manent-Mold and pressure tightness is re- 
Castings quired, such as pump bodies and 
liquid-cooled cylinder heads. 
323 Sand and Per- | Alternate for SAE 88 in intricate 
manent-Mold castings. 
Castings 
324 Sand Castings High strength and ductility; struc- 


tural use; requires special foundry 
practice. 


ee USUAL FORM GENERAL DATA 
326 Sand and Per- | General-purpose alloy. 
manent-Mold 
Castings 
327 Sand Castings Similar to SAE 322 and 323. 
328 Permanent-Mold | Pistons. 
Castings 

329 Sand Castings General-purpose, low-cost alloy; 
good foundry characteristics; 
good machinability; similar to 
SAE 326 

33 Sand and Per- | General-purpose alloy with fair 

manent-Mold strength and resistance to corro- 

Castings sion; often used for oil pans, 
crankeases, camshaft housings, 
and other parts not highly 
stressed. 

330 Permanent-Mold | Moderate strength, general-pur- 

Castings pose alloy with excellent foundry 
characteristics; fair resistance to 
corrosion; good machinability. 

331 Permanent-Mold | Very good foundry characteristics; 

Castings fair resistance to corrosion; good 
machinability. 
332 Permanent-Mold | Primarily intended for automotivu 
Castings use in pistons. 

34 Sand and Per- | Primarily a piston alloy, but also 
manent-Mold used for aircooled cylinder heads 
Castings and valve tappet guides. 

85 Sand and Per- | Used for intricate castings having 
manent-Mold thin sections; good resistance to 
Castings corrosion; fair strength but good 

ductility. 

38 Sand Castings General structural castings requir- 
ing high strength and shock re- 
sistance. 

380 Permanent-Mold | Modification of SAE 38 suitable for 

Castings use in permanent molds. 
39 Sand and Per- | Used primarily for aircooled cylin- 
manent-Mold der heads, but also used for pis- 
Castings tons in high-performance gaso- 
line engines. 
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lowed, although this value may vary slightly depending upon the 
form and size of the casting. The producer of castings should be 
consulted concerning the design of the pattern so that the best 
results may be obtained with the alloy that is to be used. 


Wrought Aluminum Alloys 


The SAE Standard on Wrought Aluminum Alloys covers 
wrought materials with a considerable range of properties and 
other characteristics but does not include all of the commercially 
available materials. If none of the SAE materials provides the 
characteristics required by a particular application, users may 
find it helpful to consult with the suppliers of aluminum-alloy 
products. 


USUAL FORM TYPICAL USES 


20 Sheet and tube Miscellaneous body parts, fuel 
and brake lines. 

Truck and bus panels and roof 
sheets, engine cowling, fuel and 
oil lines. 

24 Most wrought forms | High-strength structural appli- 
cations. 

High-strength structural appli- 
cations where high resistance to 
corrosion is required. 

25 Most wrought forms | Where forming and resistance to 
corrosion is required and low 
stresses are involved. 
Screw-machine products and 


201 Sheet, plate, bar, 
wire, and tubing 


240 Sheet and plate 


26 Rods, bars, wire, 


and rolled shapes 
260 Forgings, extrusions 
and rolled shapes, 
rods, and bars 

270 Forgings 

280 Forgings and impact 
extrusions 

281 Sheet, plate, shapes, 
tubing, rods, bars, 
wire, and rivets 


282 Extrusions and 
rivets 
29 Most wrought forms 


290 Forgings 


ordinary structural applications. 
Highly stressed forgings; al- 
ternate for SAE 24 and 26 for 
rods, bars, and shapes. 

Forged pistons. 

Complicated forgings of moder- 
ate strength. 

Combines good forming char- 
acteristics with high resistance 
to corrosion and moderately 
high strength. 

Largely supplanted by SAE 281 


| for most applications. 


Higher strength and slightly 
less workable than SAE 25; 
similar uses. 

Forged pistons. 


The wrought aluminum alloys also are of two types: those 


designated as Type 1 are alloys in which the harder tempers are 
the result of strain hardening produced by cold work, while those 
designated as Type 2 are alloys in which the higher strengths 
are produced by heat-treatment processes. 

Tempers, Type 1 Alloys—The Type 1 alloys generally are 
available in the soft (or O) temper, several intermediate tempers, 
and the hard temper. The hard temper results from cold working 
the material to the maximum reduction in cross-sectional area 
which is commercially practicable. The intermediate tempers are 
the result of applying only sufficient cold work, after the last 


process anneal, to obtain the desired tensile strength. In the case 
of alloys SAE 20 and 201, the cold working usually is followed 
by a low-temperature stabilizing treatment to preclude small 
changes in strength during subsequent service. The temper des- 
ignation indicates whether the material has been brought to the 
final level of strength by cold work only or by cold work followed 
by stabilizing. In the former case, the designation takes the form 
H1X and, in the latter, the form H3X. 

While there is some overlapping of the tensile-strength ranges 
for the different tempers, each temper possesses fairly definite 
forming characteristics. In general, the hardest temper that will 
withstand the required fabricating operations is chosen. 

It is not commercially practicable to produce heavy plates in 
the harder tempers, because of the large amount of cold rolling 
necessary to develop the required properties. It is therefore cus- 
tomary to supply plates hot finished to final thickness from hot 
ingots. There is a certain amount of cooling of the metal during 
the rolling operation with the result that the metal is strain 
hardened to some extent, the amount being greater the thinner 
the finished plate. It is~“more. economical to obtain higher 
strengths in plates by the choice of a harder alloy in the hot- 
finished condition than by specifying a harder temper of a softer 
alloy. 

In thicknesses up to about 1% in., the tensile strength of hot- 
finished plates is approximately the same as that of the quarter 
hard temper. As the thickness increases, the strength of the 
plates approaches that of the soft temper. 

Bars and rods in Type 1 alloys are commercially available hot 
finished or cold finished. As in the case of plates, there is an in- 
creasing amount of strain hardening of the metal as the size of 
the finished product decreases because of cooling during the roll- 
ing process. The hardening effect caused by the cold-finishing 
operations is also greater the smaller the size, since the actual 
reduction in area by cold work is a greater percentage reduction 
the smaller the size that comes to the finishing pass. 

In the case of these products, the strength ranges from that of 
the soft temper for very large sections to that of the three-quar- 
ter hard temper for small sizes as shown in Table 2. However, 
the properties of any given size and type of product are very 
uniform from lot to lot. As in the case of plates, higher mechan- 
ical properties are obtained by the choice of a harder alloy, 
rather than by specifying a harder temper of a softer alloy. 

Type 2 Alloys (Heat-Treated)—Type 2 alloys in the annealed 
temper have mechanical properties comparable with those of 
certain of the Type 1 alloys. By appropriate heat-treatment op- 
erations, the mechanical properties are greatly increased so that 
Type 2 alloys are suitable for structural applications where a high 
ratio of tensile and yield strengths to weight is required. | 

The yield strengths of Type 2 alloys may also be materially 
increased, with some sacrifice in their forming qualities, by sub- 
jecting them to small amounts of cold work after they have been 
heat-treated and aged. 

The commercial useful tempers of the Type 2 wrought alloys 
comprise the annealed (OQ), the as-fabricated (F), and one or 
more of those which can be produced by combinations of ther- 
mal or thermal and mechanical treatments. In their simplest 
form, the temper designations for a heat-treated material consist 
of the letter T and an arabic number which indicates the general 
type of treatment used. The basic designations and their generie 
meanings are given in this General Information under the sub- 
head Temper Designations. In some cases, two heat-treating 
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4 TABLE 2—Approzximate Tempers of the Various Sizes of Rod and Bar 
‘| “SSS +r) 


APPROXIMATE TEMPER® 


Greater than ¢ and up to 4 in. 
Greater than 44 and up to 14 in. 
Greater than 14 and up to 3 in. 


SHAPE DIAMETER OR LEAST DISTANCE ACROSS FLATS 
Hot Finished Cold Finished 
Rounds, squares, and Up to 34 in., inclusive — H14 to H16 (4% to 34H) 
hexagons Greater than 34 and up to 1} in. — H14 to H16 (% to 34H) 
Greater than 144 and up to 8 in. H12 (4H) — 
| Rectangles Up to 1 in., inclusive Hi12 to H14 (% to 4H) H14 to H16 (44 to 34H) 


H12 to H14 (14 to 14H) H14 (44H) 


Hi12 (14H) H14 (34H) 
H12 (14H) H14 (14H) 


| more strain hardening. 


| practices generically the same but differing in details will result 
in different levels of properties. In cases like this, one or both of 
the resulting tempers may be designated by a symbol comprised 
| of the letter T and two or more numbers. In general, however, 
| the one developed first, or the one usually used, will carry the 
4 simple designation (such as T6) and the other will be designated 


ction 


_ ® Tempers shown are approximate. Minimum tensile strengths are not guaranteed, but experience indicates that the tempers shown may normally be expected. The smaller 
| sizes tend to run harder than the large sizes since they finish colder from the rolls; also cold finishing introduces a greater percentage of reduction in cross-sectional area, hence 


by the more complex symbol (such as T61). The important 
things to remember are that a given symbol, regardless of alloy, 
always denotes the same type of treatment; and that, for a spe- 
cific alloy, a given symbol always is associated with but one set 
of specification mechanical properties. In neither case does the 
symbol necessarily define the specific details of the treatment. 
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Aluminum Casting Alloys 


SAE Standard 


Report of Nonferrous Metals Division approved June 1911 and last revised by Nonferrous Metals Technical Committee January 1951. 


TABLE 1—Composition® of SAE Aluminum Casting Alloys 


ELEMENTS, % 
SAE No. Other elements 
Cu Fe Si Mn Mg Zn Ti Ni Cr Sn 

Each Total 
300 5.5-7.5 1.5 5.0-6.0 0.8 0.2-0.6 0.8 0.2 _— ae —_ —_ 0.8 
304> 0.6 2.0 4.5-6.0 0.3 0.1 0.5 _ 0.5 — 0.1 _— 0.2 
305> 0.6 2.0 11.0-13.0 0.3 0.1 0.5 —_ 0.5 —_ 0.1 — 0.2 
306> 3.0-4.0 1.3 7.5-9.5 0.5 0.1 0.6 _— 0.5 _ 0.3 _ 0.5 
307> 3.0-4.5 2.0 4.5-5.5 0.5 0.1 1.0 _— 0.5 _ 0.3 —_ 0.5 
308> 3.0-4.0 2.0 7.5-9.5 0.5 0.1 1.0 —_ 0.5 _ 0.3 — 0.5 
309 0.6 2.0 9.0-10.0 0.3 0.4-0.6 0.5 — 0.5 _— 0.1 — 0.2 
310 0.3 1.0 0.25 0.3 0.5-0.65 .2-6.0 | 0.1-0.25 — | 0.40.6 a 0.05 0.15 
320 0.1 0.5 0.3 0.3 3.5-4.5 0.1 0.2 — a — 0.05 0.15 
321 0.5-1.5 1.3 11.0-13.0 0.1 0.7-1.3 0.1 0.2 2.0-3.0 => ae 0.05 ao 
322 1.0-1.5 0.8 4.5-5.5 0.5 — 0.40.6 0.3 0.2 _— 0.2 — 0.05 0.15 
323 0.2 0.6 6.5-7.5 0.3 0.2-0.4 0.3 0.2 —_ _ 0.05 0.15 
324 0.2 0.3 0.2 0.1 9.5-10.6 0.1 0.2 = _ — 0.05 0.15 
326 3.3-4.3 1.0 5.5-7.0 0.5 0.1 1.0 0.2 0.3 — —_ —_— 0.5 
327 1.0-2.0 1.0 7.0-8.6 | 0.20.6 0.2-0.6 1.0 0.3 0.2 0.3 —- —_ 0.5 
328 1.0-2.0 0.9 11.0-13.0 | 0.5-0.9 0.4-1.0 0.4 0.2 0.05 a == 0.5 
329 3.0-4.5 1.2 5.5-7.0 0.8 0.5 1.0 0.2 0.5 = — — 0.5 
33 6.0-8.0 1.4 1.0-4.0 0.5 0.07 2.5 0.2 0.3 _— _— —_ 0.5 
330 4.0-5.0 1.0 5.0-6.0 0.5 0.1 1.0 0.2 — —_ -- —_ 0.5 
331 3.0-4.5 1.2 8.0-10.0 0.8 0.6 1.0 0.2 0.5 — — — 0.5 
332 2.0-4.0 12 8.5-10.5 0.5 0.5-1.5 0.5 0.2 0.5-1.5 —_— — — 0.5 
34 9.2-10.8 1.5 2.0 0.5 0.15-0.35 0.5 0.2 0.3 _— —_ — 0.3 
35 0.6° 0.8 4.5-6.0 0.3 0.05 0.3 0.2 _ 0.2 — 0.05 — 
38 4.0-5.0 1.0 1.5 0.3 0.03 0.3 0.2 — = 0.05 0.15 
380 4.0-5.0 RY 2.0-3.0 0.3 0.05 0.3 0.2 0.3 —_ _— — 0.3 
39 3.5-4.5 1.0 0.7 0.3 1,2-1.8 0.3 0.2 1.7-2.3 0.2 = 0.05 0.15 


® Values are maximums except where indicated as a range. Aluminum is remainder. 


b Die casting alloys. 
°When so specified, Cu shall be 0.1% maximum. 


SAE 300—Permanent-Mold Casting (Type 2 Alloy) 


General Data—When the iron content approaches the maxi- 
mum permitted, this alloy requires that special molding condi- 
tions be satisfied in order to secure sound castings. SAE 300 is 
being used extensively for gasoline engine pistons. An aging heat- 
treatment of 8 to 10 hr at 370 to 400 F (T5) is recommended in 
order to minimize changes in dimensions and mechanical prop- 
erties as a result of service at elevated temperatures. The specific 
gravity of this alloy is approximately 2.89; its thermal conduc- 
tivity is about 0.24 cgs units; it has a fair resistance to corrosion 
and good machinability. 

Similar Specifications—SAE 300 is similar to ASTM B 108, 
Alloy CS66A. 

Nominal Composition 


COPPOL 6. Sac da cakes eens Cersens ios tee nies ETO 6.5 
BULT COM go toieo ere ase sent Seo aces eat eet ore eee 5.5 
Magnesium. 237 0 2h. See Oe cena 0.4 


Physical Properties—Standard tension specimens separately 
cast in permanent metal molds, aged (T5) with the castings 


they represent and tested without machining shall have the fol 
lowing minimum properties: 


Tensile‘strength psi. o. ac0 ae hee 32,000 
Brinell hardness (500 kg, 10 mm)............... 95 


SAE 304—Die Casting (Type 1 Alloy) 


General Data—This alloy withstands salt-water corrosio! 
very well and is, therefore, suitable for outboard-engine parts 
marine fittings, or similar uses in corrosive locations. It cast 
well and can be used for complicated and rather thin-walle 
parts. The specific gravity of this alloy is approximately 2.69. 

Similar Specifications—SAE 304 is similar to ASTM B 8 
Alloy S4. 

Nominal Composition 


Siie0n. 3) Wass 38s Man ene Week Ree ee ee 5.0 


Physical Properties—The typical properties of separately die 
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cast standard test specimens in the F (as-cast) temper should 
|. be approximately as follows: 


MleneilerstrenculmupSiep a. ..). 64d das dsrcawascy sen 30,000 
PEDO MLE: NU LOIN BELNE ca TT lot 165 Sage We sfescye: ey sycuensps oatp0)@ 45 dae oes 5.0 
OhampyaG0mnmespan). fb-lb. oy... sins ee se ees 4.5 


SAE 305—Die Casting (Type 1 Alloy) 


General Data—This alloy is especially resistant to salt-water 
corrosion. Because of its fluidity and freedom from hot short- 
| ness, it can be used for thin-walled castings or for complicated 
castings consisting of both thin and heavy sections. The specific 
gravity of this alloy is approximately 2.66. 

Similar Specifications—SAE 305 is similar to ASTM B 85, 
Alloy 85, and to AMS 4290. 

Nominal Composition 


Sa CON Meee Ey ital aislgisldes shcthee vices 12.0 
Physical Properties—The typical properties of separately die- 


cast standard test specimens in the F (as-cast) temper should be 
approximately as follows: 


BenStLeEA PRONOUNS OSI ete & . ann tue tanta veo e aes 37,000 
OTIS MENG UI 2 11 5 YG if ven. asahcralaveicgoYemutsusustaubwn, cua dyeoe tes 1.8 
CharpyaG0imm span), ft-lb... 652... nies aca. es 2.0 


SAE 306 and 308—Die Casting (Type 1 Alloy) 


General Data—These alloys have good foundry characteristics, 
good physical properties, and a reasonably satisfactory resistance 
to corrosion. They are, basically, a modification of SAE 307, but 
have better foundry characteristics, and are being used to a con- 
' siderable extent for general casting purposes. SAE 306 is intended 
for cold-chamber casting machines; but SAE 308, because of its 
| higher limits for iron and zinc, can be used for castings made in 
| gooseneck-type casting machines as well as in cold-chamber 
machines. Both compositions have a specific gravity of approxi- 
mately 2.76. 

Similar Specifications—SAE 306 is similar to ASTM B 85, 

_ || Alloy SC6, and to AMS 4291. SAE 308 is similar to ASTM B 85, 
‘) Alloy SC7. 

Nominal Composition 


Physical Properties—The typical properties of separately die- 
cast test specimens in the F (as-cast) temper should be approxi- 
_ mately as follows: 


SAE 306 SAE 308 
Tensile strength, psi............ 41,000 43,000 
Elongation in 2 in., %........... 3.0 2.0 
Charpy (40 mm span), ft-lb..... 3.5 3.2 


SAE 307—Die Casting (Type 1 Alloy) 


General Data—This is a relatively inexpensive general-pur- 
pose alloy used extensively for simple castings which do not have 
very thin walls and do not require the maximum in resistance to 
corrosion. The specific gravity of this alloy is approximately 2.78. 


Similar Specifications—SAE 307 is similar to ASTM B 85, 
Alloy SC2. 
Nominal Composition 


Physical Properties—The typical properties of separately die- 
cast standard test specimens in the F (as-cast) temper should be 
approximately as follows: 


Mencilerstren eth) OSl" cor coher ts one eae sat 38,000 
longa Crores 2a becasue eae a ee sree seecaaes 2.5 
Charpys (40mm spam)rtt-lbo. no wenens ooo ane 2.5 


SAE 309—Die Casting (Type 1 Alloy) 


General Data—This alloy has excellent casting characteristics 
and a high resistance to corrosion. It is particularly well suited 
for use in thin-walled or intricate castings produced in cold- 
chamber casting machines. It is the alloy normally substituted 
for SAE 305 in those instances where the method of casting is 
changed from the gooseneck to the cold-chamber process. The 
specific gravity of the alloy is about 2.64. 

Similar Specifications—SAE 309 is similar to ASTM B 85, 
Alloy SG8, and to AMS 4290. 

Nominal Composition 


SiC OME eee ee ee ene IRE Od Foo oe BF Bose. oe 9.5 
IM ESCA DYCISH LUT. 3 Heri ity Baees Be cain nee ent bare tate Pe ene Pia ener nee 0.5 


Physical Properties—The typical properties of separately die- 
cast standard test specimens in the F (as-cast) temper should be 
approximately as follows: 


Mensulegstreme thin (Sia scaas cecaer teat vat aieuus wile 2 43,000 
Blom ea wionpine pny) Vouee wv. saee ss otras oe Sach 3.0 
Charpys 40mm span), ft-lb. oc sses cc secu oss) - 2.7 


SAE 310—Sand Casting (Type 1 Alloy) 


General Data—This is a general-purpose alloy which develops 
high mechanical properties and a good ductility when aged for 
four weeks at room temperature (T5) or for 9 to 11 hr at 340 to 
360 F (T51). Within the first two weeks after casting, or before 
artificial aging, the alloy has a high ductility, permitting severe 
cold deformation. Since the alloy does not require a high-tem- 
perature solution heat-treatment, it can be used as an alternate 
for SAE 88 alloy if heat-treating facilities are not available. The 
alloy has good casting properties and can be machined easily. 
The typical yield strength is 25,000 psi. Its specific gravity is 
approximately 2.80. 

Similar Specifications—SAE 310 is similar to ASTM B 26, 
Alloy ZG61A. 

Nominal Composition 


TENN DocepPe ie CROP SES CR LA J. ORC ee PEE 5.6 
INES TNGEN ae aos lp ee aE che CR nC MEE 1 RIN PE SS 0.6 
(CLONr WY ECT Ee Re Ie eee ee IS PR ie eRe 0.5 
Atari Un er ee ee Mende esc een shi OAT rec en ao 0.2 


Physical Properties—Standard tension-test specimens sepa- 
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rately cast in sand molds and aged (T5 or T51) shall have the 
following minimum properties: 


Tensile strengony PSlo nc... 3. 222 ee eee 30,000 
Hiongabion an an 9 959). soe ee - ceee e e eee 3 


SAE 320—Sand Casting (Type 1 Alloy) 


General Data—This alloy has the highest resistance to severely 
corrosive conditions of the aluminum alloys used for general cast- 
ing purposes. It has good physical properties and is readily 
machinable. It is used for carburetor cases, cast pipe fittings, 
and other castings for which high resistance to corrosion is re- 
quired. The specific gravity of the alloy is approximately 2.64. 

Similar Specifications—SAE 320 is similar to ASTM B 26, 
Alloy G4A. 

Nominal Composition 


IMA pIVeSTUMIe ce sash eRe cee cer 4.0 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in sand and tested without machining shall have the 
following minimum properties in the F (as-cast) temper: 

4 


Mensile strength, pslsaaees ku cwreee aee 22,000 
lon gation ins2,3n).5 00a, sae ae eee eRe 6 


SAE 321—Permanent-Mold Casting (Type 2 Alloy) 


General Data—This alloy usually is used in the production of 


pistons for automobile engines because of its low coefficient of 


thermal expansion as compared with other aluminum alloys, its 
hardness and resistance to wear, and its good physical properties 
at elevated temperatures. The alloy can be used in the produc- 
tion of sand castings. The T551 temper is an aging treatment of 
about 14 to 18 hr at 330 to 350 F applied to as-cast material to 
stabilize the properties and dimensions against change at ele- 
vated temperatures. The specific gravity of this alloy is approxi- 
mately 2.70, and its thermal conductivity is approximately 0.28 
egs units. 

Similar Specifications—SAE 321 is similar to ASTM B 108, 
Alloy SN122A. 

Nominal Composition 


Silicon. <..4 5 core Meste toe Ga eee age pn teria Se. 12.0 
INTCKel oie, ea Saw gate hae ican tae ae CE 2.5 
GOD DET a. 8 en ss ere an ee hte ck Rehr we ae 1.0 
IVER DHGR TUN. (tee errs hats ee See Pe aT 1.0 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in permanent metal molds shall have the following 
minimum properties: 


SAE 322—Sand and Permanent-Mold Casting 
(Type 2 Alloy) 


General Data—This alloy has excellent foundry characteristics 
and resistance to corrosion, and it retains its strength well at 
elevated temperatures. It is used in the production of water- 
cooled cylinder heads for automotive or aircraft engines and for 


similar applications where the production of sound, leak-proof 
castings of intricate design is of importance. The T6 temper 
combines a solution treatment of 8 to 12 hr at about 980 F 
with an aging treatment at 300 to 320 F for 3 to 5 hr. The T51 
temper is an aging treatment for 7 to 9 hr at 430 to 450 F. The 
T71 temper combines the solution treatment with stabilizing for 
4 to 6 hr at 465 to 485 F in order to attain a high strength with 
stability. The specific gravity of the alloy is approximately 2.67. 

Similar Specifications—SAE 322 is similar to ASTM B 26, 
and ASTM B 108, Alloy SC51A. SAE 322 sand casting T6 tem- 
per is similar to AMS 4212; T51 temper is similar to AMS 4210; 
and T71 temper is similar to AMS 4214. SAE 322 permanent 
mold casting T6 temper is similar to AMS 4281, and T71 temper 
is similar to AMS 4280. 

Nominal Composition 


Silteomn.j.25)08 op beee ss 40 ATE nds ae 5.0 
Copper.) ai\.5 2. oe Sekiere un ha sere ae 1.2 
Magnesiuime:;.....cenic. os au nmeleke tae he ee 0.5 


Physical Properties—Standard. tension-test specimens sepa- 
rately cast in sand or in permanent metal molds and heat-treated 
with the castings they represent shall have the following mini- 
mum properties: 


SAND PERMANENT MOLD 
Tempertsh: 6 Ai’ T6."\| T51 .|- T7ie | ele oles 
Tensile strength, psi... .|32,000/25, 000/30, 000)37 , 000/26 ,000/34, 000 
Elongation in 2in.,%...| 2 — _ 1,5) iS — 


SAE 323—Sand and Permanent-Mold Casting 
(Type 2 Alloy) 


General Data—Like other aluminum alloys in which silicon is 
the principal alloying element, this alloy has excellent foundry 
characteristics and resistance to corrosion. Its physical proper- 
ties are somewhat lower than those of the alloy covered by SAE 
38, but it is commonly used for the production of high-strength 
castings which are too intricate to produce in that alloy without 
excessive losses in the foundry. It is also preferred where high 
strength castings are required for use under severely corrosive 
conditions. The T6 temper combines a solution treatment of 8 
to 12 hr at about 1000 F with an aging treatment of 2 to 3 hr 
at 300 to 320 F to secure high strength. The T51 temper is an 
aging treatment of 7 to 9 hr at 430 to 450 F applied to intricate 
castings which cannot safely be given a solution treatment. The 
specific gravity of the alloy is approximately 2.65. 

Similar Specifications—SAE 323 is similar to ASTM B 26, 
and ASTM B 108, Alloy SG70A; and to AMS 4217 and AMS 
4284. 

Nominal Composition 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in sand or in permanent metal molds, heat-treated 
with the castings they represent, and tested without machining 
shall have the following minimum properties: 


(Continued on next page.) 


SAND eer ale 
BETTI Elion ek. bears. £85 300): T6 T51 T6 
Tensile strength, psi...... 30, 000 23, 000 33, 000 
- Elongation in 2in.,%.... 3 ae 3 


SAE 324—Sand Casting (Type 2 Alloy) 
General Data—This alloy, because of its high physical prop- 


| erties, is used in the production of castings that require the maxi- 


mum ratio of strength to weight and ruggedness under severe 
abuse. As an example of its serviceability, its use for trucks, end 
sills, and other parts of railway cars is cited. It is used in air- 


| craft fittings and other castings that require maximum strength 
| and ruggedness. The alloy requires special foundry practices, 


however, and it is not well suited for complicated or thin-section 


| castings. The castings normally are supplied in the solution heat- 


treated (T4) condition. The usual T4 treatment is about 16 hr at 


| 810 F followed by a quench in 300 F oil. The specific gravity of 
_ the alloy is approximately 2.55. 


| Similar Specifications—SAE 324 is similar to ASTM B 26, 


"| ‘Type G10A; and to AMS 4240. 


Nominal Composition 


IMIsurre a tiles oP ee ow alot naar arms oa SG ha es 


Physical Properties—Standard tension-test specimens sepa- 


| rately cast in sand, heat-treated with the castings they represent 


(T4 temper), and tested without machining shall have the fol- 
lowing minimum properties: 


Mhensilemurengubnpslac .. os: seus vine eee ss Sa 42,000 
MMonpatlonmneodnurcG. ney) s sa teat Net oes 12 


SAE 326—Sand and Permanent-Mold Casting 
(Type 2 Alloy) 


General Data—This alloy is a low-cost, general-purpose alloy 


| used in those applications where its properties will meet the re- 
| quirements. Although the alloy is heat-treatable, it is used to a 
| considerable extent in the as-cast condition. It has good machina- 
| bility and casting characteristics and a fair resistance to corro- 
| sion. Its specific gravity is about 2.77. The T6 temper is a solu- 
| tion treatment of 6 to 12 hr at 930 to 950 F followed by an 
| aging treatment of 3 to 5 hr at 300 to 320 F. 


Similar Specifications—SAE 326 is similar to ASTM B 26, 


and ASTM B 108, Alloy SC64B. 


Nominal Composition 


Physical Properties—Standard tension-test specimens sepa- 


| rately cast in sand or permanent metal molds, heat-treated with 


the castings they represent, and tested without machining, shall 
have the following minimum properties: 


SAND PERMANENT MOLD 


Memon: erento: SJ. F (as-cast) | T6 F (as-cast ) T6 
Tensile strength, psi..... 24,000 |30,000) 26,000 (33,000 
2.0 Dab 2.0 4.0 


Elongation in 2 in., %.... 


4 
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SAE 327—Sand Casting (Type 2 Alloy) 


General Data—This alloy is used as an alternate for SAE 322 
and 323, has rather similar characteristics, and is normally less 
expensive. It has good casting characteristics and resistance to 
corrosion, and it retains its strength fairly well at moderately 
elevated temperatures. 

The T6 temper is a solution treatment of 8 to 12 hr at 930 to 
950 F followed by an aging treatment for 3 to 5 hr at 300 to 
320 F. Its specific gravity is approximately 2.68. 

Similar Specifications—SAE 327 is similar to ASTM B 26, 
Alloy SC82A. 


Nominal Composition 


SITCOM Aes eee tenn Che oS thatthe Ngee 7.8 
COU ie immer ni tent Aen GSy Nap eo. car gint mite ades 1.5 
Miainioa OS Orme lcm mter are ioe As. oe HO Retain ais ea eaeiy. 0.4 
NES OTESTUL eRe tertine teeter .2 oe chee Ais west irae 0.4 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in sand, heat-treated and aged (T6) with the cast- 
ings they represent, and tested without machining shall have the 
following minimum properties: 


PRempeiy waar a Aiaae th 4 F (as-cast) T6 
Tensile strength, psi ..... 25,000 34,000 


Elongation in 2 in., %..... 1 1 


SAE 328—Permanent-Mold Casting (Type 2 Alloy) 


General Data—This alloy is very similar to SAE 321 and 
under normal conditions should be slightly less expensive. It is 
used for little else but pistons for internal-combustion engines. 
The T5 temper is an aging treatment of 8 to 12 hr at 365 to 
385 F applied to as-cast material. Its specific gravity is approxi- 


mately 2.68. 
Similar Specifications—SAE 328 is similar to ASTM B 108, 
Alloy SC122A. 
Nominal Composition 
DU COnMMEM ES OAM 8. Mae ed lias Seto rater aie pene, Septal ace 12.0 
50) 0) O12) Pere Janae teaicurstert ara rab ther are Gree hea ane cara gn aoa 1.5 
IMWanisamese: Sten) nea atic beet cine he eae ie a 0.7 
INigionesiiiieta ice oot eee | mee ee ial 0.7 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in permanent metal molds, heat-treated (T5) with 
the castings they represent, and tested without machining shall 
have the following minimum properties: 


Tensileistrength)i psi. ai. 20S. Ly. Bes gaeeneereeou 


SAE 329—Sand Casting (Type 2 Alloy) 


General Data—This alloy is a low-cost, general-purpose, sand- 
casting alloy similar to SAE 326 but with a slightly lower elonga- 
tion. It combines good foundry characteristics with good machin- 
ability and a fair resistance to corrosion, but it is not generally 
recommended where shock-type loads are to be expected. It is 
rather commonly used in the as-cast F temper, but a number of 
tempers resulting from various heat-treatments are possible. The 
T6 temper is a solution treatment of about 12 hr at 930 to 950 F 
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followed by aging for about 2 to 5 hr at 300 to 320 F. The specific 


gravity of the alloy is about 2.74. 
Similar Specifications—SAE 329 is similar to ASTM B 26, 


and ASTM B 108, Alloy SC64C. 
Nominal Composition 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in sand, heat-treated with the castings they represent, 
and tested without machining shall have the following minimum 
properties: 


Memipere Are cwsse kets eects ces F (as-cast) T6 
Tensile strength, psi...... 23,000 31,000 
Elongation in 2 in., %..... — LS 


SAE 33—Sand and Permanent-Mold Casting 
(Type 1 Alloy) 


General Data—This alloy is widely used as a general casting 
alloy. It is normally used in the as-cast condition, although 
annealing treatments will somewhat improve its elongation. Its 
resistance to corrosion is only fair, but it can be machined rather 
easily. It is used for crankcases, oil pans, differential carriers, 
transmission cases, camshaft housings, cylinder heads for water- 
cooled automobile engines, and similar parts. The specific gravity 
of the alloy is approximately 2.84. 

Similar Specifications—SAE 33 is similar to ASTM B 26, 
and ASTM B 108, Alloy C872A. 

Nominal Composition 


COP DER. cee hee cers ea oe tarda eae EN? ea cee eae 7.0 
SHICON gases oe seme ieee oer ee Te ee eons 2.5 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in sand or in permanent metal molds and tested 
without machining shall have the following minimum properties 
in the F (as-cast) temper: 


SAND | PERMANENT MOLD 


19,000 23 ,000 


SAE 330—Permanent-Mold Casting (Type 1 Alloy) 


General Data—This alloy is a good, general-purpose alloy 
with excellent foundry characteristics, a fair resistance to corro- 
sion, moderate strength, and good machinability. Its specific 
gravity is about 2.77. 

Similar Specifications—SAE 380 is similar to ASTM B 108, 
Alloy SC64A. 

Nominal Composition 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in a permanent metal mold and tested, in the F 
(as-cast) temper, without machining shall have the following 
minimum properties: 


Tensile: strength. Dei.t a anes a case cane ane 23,000 


SAE 331—Permanent-Mold Casting (Type 2 Alloy) 


General Data—This is a low-cost alloy rather similar to SAE 
326, 329, and 330 but somewhat superior to them for the pro- 
duction of permanent-mold castings. The alloy has very good 
foundry characteristics, a fair resistance to corrosion, and good 
machinability. It has been used for clutch housings, carburetor 
parts, and hydraulic-brake parts. The T5 temper is produced by 
aging the as-cast material for about 8 hr at 390 to 410 F. The 
T6 temper combines a solution heat-treatment of about 9 hr at 
930 to 950 F with an aging treatment of 2 to 5 hr at 300 to 320 F, 
while the T7 temper combines this same solution heat-treatment 
with an aging treatment of 4 to 6 hr at 490 to 510 F. Its specific 
gravity is approximately 2.76. 

Nominal Composition 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in permanent metal molds, heat-treated with the 
castings they represent, and tested without machining, shall have 
the following minimum tensile strength: 


SEM Per At eA tee oe ee F (as-cast) | T5 | T6 | 17. 
23,000 30, 000,35,000/31, 000 


SAE 332—Permanent-Mold Casting (Type 2 Alloy) 


General Data—This alloy is primarily intended for use in 
automotive-engine pistons and has to a very considerable extent 
superseded SAE 321 and 34 for that use The alloy has a specific 
gravity of about 2.74, a thermal conductivity (T5 temper) of 
about 0.26 cgs units, and a coefficient of thermal expansion 
(68-572 F) of about 12.4 x 10-* in. per in. It is usually used in 
the T5 temper, which is produced by aging the casting for about 
8 hr at 390 to 410 F. 

Nominal Composition 


Silicon eT ee eae BOS a ae 9.5 
Copper’ so 7h Aes Pa A SR: SO 3.0 
Magnesiumis ji oeitistht- a9. hE dee 0.8 
Niekeltwns eavh th du cld eee anes oad ee ee 0.8 


Physical Properties—Standard tension specimens separately 
cast in permanent metal molds, heat-treated with the castings 
they represent, and tested without machining shall have the 
following minimum tensile strength: 


TRemperyiiiee 2 eon he ee oe T5 


SAE 34—Sand and Permanent-Mold Casting 
(Type 2 Alloy) 


General Data—This alloy has been used for many years for 
automobile-engine pistons, and, in the form of sand castings, for 
aircooled-engine cylinder heads but has largely been superseded 
by SAE 300, 321, 328, or 39. The use of this alloy in new designs 
is not recommended. 

The T2 temper results from an annealing treatment of 2 to 4 
hr at 590 to 610 F, while the T551 temper is an aging treatment 
of 18 to 22 hr at 330 to 350 F selected to minimize dimensional 
changes at elevated temperatures. The T61 temper is a solution 


"treatment of 8 to 12 hr at 940 to 960 F followed by an aging 
| treatment of 10 to 12 hr at 300 to 320 F. The solution treatment 


for T65 is the same as for T61; however, the aging treatment is 


| 7 to 9 hr at 330 to 350 F. The specific gravity of this alloy is 


approximately 2.95. 

| Similar Specifications—SAE 34 is similar to ASTM B 26, and 
_ASTM B 108, Alloy CG100A. 

| Nominal Composition 


Physical Properties—Standard tension-test specimens sepa- 
| rately cast in sand or permanent metal molds, heat-treated with 
| the castings they represent, and tested without machining shall 
| have the following minimum tensile properties: 


SAND hag ae 
| (CUI CCR UG cece odes 20 eo T2 T61 | T551 |T65 
\Eensile strength, psi.......:......... |23,000 30 , 000/30, 000) 40 , 000 


38 


SAE 35—Sand and Permanent-Mold Casting 
(Type 1 Alloy) 


i) ' General Data—This alloy has excellent foundry and casting 
_ characteristics and good resistance to corrosion. Where severe 


_ corrosive conditions prevail, a maximum copper content of 0.1% 


__ is preferred. SAE 35 is used for general casting purposes, particu- 
| larly for large and intricate castings having both thin and heavy 


sections. It is also used for castings that must be leak proof 
| under pressure. It is cast both in sand and in permanent metal 


molds. It is used for automobile-body parts, manifolds, instru- 
'| ments, and a variety of parts in which the higher mechanical 
_ properties of the Type 2 alloys are not required. Its specific 


| gravity is approximately 2.66. 


Similar Specifications—SAE 35 is similar to ASTM B 26, and 
_ ASTM B 108, Alloy S5B. 
; | Nominal Composition 


(| Uke acae 5.0 


| Physical Properties—Standard tension-test specimens sepa- 
rately cast in sand or in permanent metal molds and tested with- 
out machining shall have the following minimum properties in 


_ the F (as-cast) temper: 


SAND PERMANENT MOLD 
| Tensile strength, psi...... 17,000 21,000 


| Elongation in 2 in., %..... 3.0 2.5 


SAE 38—Sand Casting (Type 2 Alloy) 
General Data—This alloy was the first of the high-strength, 


| tion. It is still one of the most widely used of this type of alloys. 
| It has good resistance to corrosion and is used extensively in the 


| manufacture of outboard motors and for castings for use on ship- 


board. Because of its superior physical properties, it has found 
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aircraft-engine crankcases; and in a variety of parts in both 
motor-vehicle and aircraft assemblies where a high-strength, 
light-weight casting is desired. The T4 temper isa solution treat- 
ment of about 12 hr at 950 to 970 F which produces moderately 
high strength in combination with high elongation and shock 
resistance. The T6 and T62 tempers combine the solution treat- 
ment with aging treatment of 3 to 5 hr (T6) or 12 to 16 hr 
(T62) at 300 to 320 F to secure greater strength at a sacrifice 
in ductility. The T7 treatment combines the solution treatment 
with a stabilizing treatment of 4 to 6 hr at 490 to 510 F and is 
particularly useful for castings exposed to elevated tempera- 
tures. The properties of castings given the T4 treatment. will 
approach those quoted for the T6 temper after a few months 
aging at room temperature. The specific gravity of the alloy 
is approximately 2.77. 

Similar Spectfications—SAE 38 is similar to ASTM B 26, 
Alloy C4A. The T4 temper is similar to AMS 4230, and the T6 
temper is similar to AMS 4231. 

Nominal Composition 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in sand and heat-treated with the castings they rep- 
resent shall have the following minimum properties: 


PRemper,. eerste hots BH ee T4 T6 T62 Aby/ 
Tensile strength, psi......... 29,000 | 32,000 | 36,000 | 29,000 
Hlongvation dan’ 2 ine, (95. os... - 6.0 3.0 = 3.0 


SAE 380—Permanent-Mold Casting (Type 2 Alloy) 


General Data—This alloy is a modification of SAE 38 in which 
the silicon content is increased to permit casting in permanent 
molds. It is used for much the same purposes as SAE 38. The T4 
temper is a solution treatment of about 8 hr at 940 to 960 F. 
The T6 temper combines the solution treatment and an aging 
treatment of 5 to 7 hr at 300 to 320 F, and the T7 temper com- 
bines the solution treatment with a stabilizing treatment of 4 to 
6 hr at 490 to 510 F. The specific gravity of this alloy is approxi- 
mately 2.78. 

Similar Specifications—SAE 380 jis similar to ASTM B 108, 
Alloy CS42A. The T4 temper is similar to AMS 4283; and the 
T6 temper is similar to AMS 4282. 

Nominal Composition 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in permanent metal molds and heat-treated with the 
castings they represent shall have the following minimum prop- 
erties: 


Mempersar cage eases 40 Nee T4 T6 T7 
Tensile strength, psi..... 33,000 35,000 33,000 
Elongation in 2 in., %.... 4.5 2.0 3.0 


(Continued on next page.) 
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SAE 39—Sand and Permanent-Mold Casting 
(Type 2 Alloy) 


General Data—This alloy, like SAE 34, 321, and 322, retains 
its strength at elevated temperatures better than most of the 
alloys that are used for general casting purposes. It is used for 
pistons and cylinder heads of aircraft engines and for other cast- 
ings that operate at elevated temperatures. The T21 temper is 
an annealing treatment of 2 to 4 hr at 640 to 660 F to relieve 
casting strain while the T571 temper is an aging treatment of 
40 to 48 hr at 330 to 350 F applied to as-cast material to mini- 
mize changes in properties or dimensions during service at ele- 
vated temperatures. The T61 temper in both cases combines a 
solution treatment of about 6 hr at 950 to 970 F (quench in air 
blast) with an aging treatment of 1 to 3 hr at 440 to 460 F for 
sand castings, or 3 to 5 hr at 390 to 410 F for permanent-mold 
castings. The specific gravity of the alloy is approximately 2.75. 


Wrought Aluminum Alloys 


Similar Specifications—SAE 39 is similar to ASTM B 26, and 
ASTM B 108, Alloy CN42A; and to AMS 4220 and 4222. 
Nominal Composition 


Coppers coos bce alc oe Cw ava eon edad eno eee ee 4.0 
Nickel ties a hd i ee ee 2.0 * 
Magnesium sos. j.ak cece os wou algo ae ee 1.5 


Physical Properties—Standard tension-test specimens sepa- 
rately cast in sand or permanent metal molds and heat-treated 
with the castings they represent shall have the following mini- 
mum properties: 


SAND PERMANENT MOLD 
MPEDAPOL So cart at eaeee as T21 T6l T571 T6l 
Tensile strength, psi ........ 23,000 | 32,000 | 34,000 | 40,000 


SAE Standard 


Report of Nonferrous Metals Division approved June 1911 and last revised by Nonferrous Metals Technical Committee January 1950. 


TABLE 1—Compositions* of SAE Wrought Aluminum Alloys 


ELEMENTS, % 
SAE No. Other elements 
Cu Fe Si Mn Mg Zn Cy Ti Ni —_—— 
Each | Total 
20 0.20 0.7 0.3 1.0-1.5 0.8-1.3 | 0.10 _- _ — 0.05 | 0.15 
201 0.10 Fe + Si = 0.45 max 0.10 2.22.8 | 0.20] 0.15-0.35 | — = 0.05 | 0.15 
24 3.8-4.9 0.5 0.5 0.3-0.9 1.2-1.8 | 0.10 0.10 oa — 0.05 | 0.15 
240, Core 3.8-4.9 Oro 0.5 0.3-0.9 1.2-1.8 | 0.10 0.10 — — 0.05 | 0.15 
240, Coating 0.1 Fe + Si = 0.7 max 0.05 = 0.10 — a — b : 
25 0.2 | Fe-+ Si = 1.0 max. 0.10 —_ 0.10 —_ — _ 0.05 | 0.15 
26 3.5-4.7 1.0 0.8 0.4-1.0 0.2-0.8 | 0.25 0.10 0.15 0.05 | 0.15 
260 3.9-5.0 1.0 0.5-1.2 0.4-1.2 0.2-0.8 | 0.25 0.10 0.15 — 0.05 | 0.15 
270 3.5-4.5 1.0 0.9 0.2 0.45-0.9 | 0.25 0.10 0.15 1.7-2.3 | 0.05 | 0.15 
280 0.35 T20) 0.6-1.2 0.2 0.45-0.8 | 0.25 0.15-0.35 | 0.15 0.05 | 0.15 
281 0.15-0.4 0.7 0.40.8 0.15 0.8-1.2 0.20 | 0.15-0.35 | 0.15 —_ 0.05 | 0.15 
282 0.10 0.35 ° 0.10 1.1-1.4 | 0.10 0.15-0.35 | 0.15 _ 0.05 | 0.15 
29 OE2 0.7 0.6 1.0-1.5 = 0.10 — -— — 0.05 | 0.15 
290 0.5-1.3 | 1.0 11.5-13.5 | 0.2 0.8-1.3 | 0.25 0.10 0.15 0.5-1.3 | 0.05 | 0.15 
p percentages are maximum except where indicated as a range. Aluminum is remainder. 
Aluminum is 99.3% minimum by difference. 
© Silicon is 45 to 65% of magnesium content. 
SAE 20—(Type 1 Alloy) Alloy MG11A. 
General Data—This alloy has strengths significantly higher Nominal Composition 
than those of SAE 25 and 29 and only slightly lower than those 
of SAE 201. Its workability is a little better than that of SAE Manganese........ 2... 2... esse eee eee eee e eens 1.2 
201 but is not as good as that of SAE 25 and 29. It has a high Magnesium. ..... 6.60.26 s ose sees eee eect nets 1.0 


resistance to corrosion. It is commercially available in the form 
of sheet, plate, and tubing and is used for body panels and fluid 
lines. 

Similar Specifications—SAE 20 is similar to ASTM B 209. 


Physical Properties—The properties of the material in the 
form of sheet are shown in Table 1. The strengths of tubing are 
approximately the same as those for sheet. Typical yield 


| 
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| strengths, shearing strengths, and endurance limits are given in 
| Table 2. 


TABLE 1—Minimum Properties for SAE 20 Sheet 


PER CENT ELONGATION® IN 2 IN. FOR VARIOUS 
TENSILE THICKNESSES 
TEMPER STRENGTH, 
eet 0.249 to | 0.113 to | 0.050 to | 0.031 to | 0.019 to 
0.114 in. | 0.051 in. | 0.032 in. | 0.020 in. | 09.913 in. 
| Coe 29 ,000> 1b ey eS 16 14 10 
NT? pacar ca 28 ,000 6 5 4 3) 1 
BTA So cusie.c 32,000 5 4 3 3 1 
BABO ne se. 35,000 4e 3 3 2 it 
PAS Spe fey. 38, 000 4a | 4 3 2 a 


® Test specimens from sheet in the H32 and H34 tempers are taken parallel to the 
direction of rolling. 


Maximum. So specified to insure regmpicte enbeeline. 
>. § Maximum commercial thickness is 0.162 
Maximum commercial thickness is 0.128 i ey 


TABLE 2—Typical Yield Strength, Shearing Strength, 
and Endurance Limit of SAE 20 


TEMPER YIELD STRENGTH,® PSI | SHEARING STRENGTH, PSI) ENDURANCE timir,? PSI 
| Ojaaaa 10,000 16,000 14,000 
eH32. . 22,000 17,000 14,500 
H34.. 27 ,000 18,000 15,000 
H36.. 31,000 20,000 15,500 
H38.. 34,000 21,000 16,000 


® Yield strength is defined as the stress which produces a permanent set of 0.2% 


f of ae gage length. 


R. Moore tbe specimen; 500,000,000 bydlan: 


SAE 201—(Type 1 Alloy) 


General Data—This alloy is manufactured in the form of 


sheets, plates, bars, rods, wire, and tubing. In the form of sheet, 
it is used for aircraft gasoline tanks, engine cowling, and other 
| moderately stressed parts; and for panels, roof sheets, and simi- 


lar applications in truck and bus construction. In tubing it is 


used for fuel and instrument lines. The alloy is the strongest of 
_ the Type I alloys, has a very high resistance to corrosion, and 
‘retains its strength well after fusion welding. It is not, however, 
| as easily formed as SAE 25 and 29. 


Similar Specifications—SAE 201 is similar to ASTM B 209, 


| B 210, and B 211, Alloy GR20A; and to AMS 4015, 4016, 4017, 
| 4070, and 4071. The commercial designation of SAE 201 is 528. 


Nominal Composition 


Magnesium 
CHAO ULET: 5 oa hots a Saad er ae ae a 0.25 


Physical Properties—The minimum properties of this alloy in 


the form of sheet are shown in Table 1. The properties of tubing 
| are similar, but not identical to those of the sheet. Rods: and 


| I for which the cee tempers are ges in the table in 
| the SAE General Information on Aluminum Alloys in the section 
| on wrought alloys. The properties of sheet in the corresponding 


tempers may be used, with the usual factors of safety, for pur- 


| poses of design. 


| The yield strength in the soft temper is about 12,000 psi; in 


the harder tempers it is about 80 to 90% of the tensile strength. 
Although plate is normally purchased in the hot-finished condi- 
tion, it can be secured if needed, in the annealed condition in 
thicknesses up to 3 in.; in the H382(}4H) condition in thicknesses 
up to 2 in.; and in the H34(4H) condition up to 1 in. Typical 
values of shearing strength and endurance limit are given in 
Table 2. 


TABLE 1—Minimum Properties of SAE 201 Sheet 


WeNeia PER CENT ELONGATION® IN 2 IN., FOR VARIOUS THICKNESSES 
TEMPER /|STRENGTH, 
PSI 10.249 to|0.161 to!0.113 to!0.050 to|0.031 to|0.019 to 0.012 to 
10.162 in.|0.114 in./0.051 in.|0.032 in.|0.020 in.}0.013 in.}0.008 in. 
O (soft) | 31,000; 20 20 20 20 18 15 15 
H32 (14 
hard)..| 31,000 | 9 9 7 5 5 C4 qi 
H34 (4 
hard)..| 34,000} 7 7 6 4 4 3 3 
H36 (34 
hard)..| 37,000.)| — 4 4 4 3 3 3 
H38 
(hard).} 39,000 | — 4 4 4 3 3 3 


+ specimens taken parallel to direction of rolling from flat and coiled sheet in 
H32G4i) and H34(2H) tempers. 
b Maximum. So specified to insure complete annealing. 


TABLE 2—Typical Values of Shearing Strength and Endurance 
Limit of SAE 201 


APPROXIMATE SHEARING 
STRENGTH, PSI 


APPROXIMATE ENDUR- 


SEMPER ANCE LIMIT, PSI 


GiCeOtE ye) RS Sh: He 18,000 17,000 
H32 (04 hard). 60.205... 20,000 17,500 
F346 shard). oe. 21,000 18,000 
H36 (34 hard)............. 23,000 18,500 
Hacatiard event o4 aes 24,000 19,000 


SAE 24—(Type 2 Alloy) 


General Data—This alloy is available in most commercial 
forms (except rolled structural shapes and forgings) and is the 
alloy currently used for structural applications where high 
strength is required. It has a good resistance to corrosion in 
most environments, but protective coatings are recommended 
if the corrosive conditions are severe. Improper heat-treating 
practices also may reduce the resistance to corrosion without 
affecting the strength. While a liberal bend radius is required 
for heat-treated material, the formability immediately after 
quenching is very good. This improved formability can be re- 
tained for a considerable period of time by storing the material 
at about 0 F immediately after quenching, and forming soon 
after removal from the cold storage. Difficult forming can be 
accomplished with annealed material, but the formed parts 
should be heat-treated before entering the final assembly. Plates 
are commercially available in thicknesses up to 3 in., tubing up 
to about 9 in. outside diameter, bars and rods in sizes up to 24 
sq in. in cross-sectional area, and extrusions in sizes up to 32 sq 
in. in cross-sectional area. 

Similar Specifications—SAE 24 is similar to ASTM B 209, 
B 210, B 211, B 221, and B 235, Alloy CG42A; and to AMS 
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4035, 4037, 4086, 4087, 4088, 4120, and 4152. The commercial 
designation for SAE 24 is 248. 


Nominal Composition 


(OX) Dycls eR Soe a MO EOC EO MAIMED sures SOR avon 4.5 
IVES OTERO See reps ate eek tag) chet + ere ee aS 
MAM gan ese.1.... tos sass tiacapase ees sera tee eee 0.6 


Physical Properties—In the form of sheet, the alloy has the 
properties shown in Table 1. Other products have comparable, 
although not identical, properties. 


TABLE 1—Properties of SAE 24 


APPROXI- | APPROXI- 


MINIMUM | MINIMUM | MINIMUM 
MATE MATE 
TENSILE | YIELD | ELONGA- 
ING | ENDUR- 
TEMPER STRENGTH, |STRBNGTH,| TION IN Seen ce 
F 
Ber aoe 2 IN., % PSI LIMIT, PSI 
OR(SOLG) Raptor ee oe 32,0002 |14,0002 112} 18,000 | 13,000 


T4 (heat-treated)... .|62,000 |40,000> 12 41,000 | 18,000 
T36 (rolled after 
heat-treatment)...|69,000 (52,000 10 42,000 | 18,000 


® Maximum. : : 
These strengths are for coiled sheet and plate up to 1 in. thick and for flat sheet 
heat-treated by the user. Flat sheet as supplied by the manufacturer has strengths at 
least 2000 psi higher and is identified by the temper symbol T3. 


SAE 240—(Type 2 Alloy) 


General Data—This product is available only in the form of 
sheet and plate and is a composite material consisting of a core 
of SAE 24 coated on both sides with aluminum of relatively 
high purity. Its general characteristics are similar to those of 
SAE 24 except that it has an extremely high resistance to corro- 
sion, and it is somewhat less susceptible to damage by improper 
heat-treatment. It can, therefore, often be used without protec- 
tion in environments where painting of SAE 24 would be neces- 
sary. In addition to the properties listed below, several other 
combinations of properties can be obtained by working and 
aging the material after the solution heat-treatment. The thick- 
ness of the coating is less on sheet more than 0.063-in. thick than 
on lighter gage material; hence, the strengths of sheet more than 
0.063-in. thick are greater than those of thinner material. 

Similar Specifications—SAE 240 is similar to ASTM B 209, 


TABLE 1—Properties of SAE 240 Sheet 


TENSILE STRENGTH, PSI] YIELD STRENGTH, PSI | iy 
eee! Less than 0.064 in. Less than | 0.064 in. tes 2 
0.064 in. thick 0.064 in. thick IN., % 
thick or over thick or over 
O (goft)......... 30,000" | 32,000" | 14,000 | 14,0008 8 
T4 (heat- 
treated)... ....| 58,000 | 61,000% | 37,000 | 38,000® | 49 
T36 (rolled 
after heat- 
treatment)....| 62,000° | 66,000° | 48,000° | 50,000¢ 8 


2 Maximum. Specified in order to insure complete annealing. ¢ 
__. These strengths are minimum for coiled sheet and sheet heat-treated by the user. 
Flat sheet as supplied by the manufacturer has minimum strengths about 2000 psi 
sy Se is identified by the temper symbol T3. 
inimum. 


Alloy Clad CG42A; and to AMS 4040, 4041, and 4042. Th 
commercial designation for SAE 240 is Clad 24S. 
Nominal Composition 


(Core) Coppenincanseenco 
Magnesium.... 1.5 
Manganese.... 0.6 
(Coating) Aluminum..... 99.3 minimum (by difference) 


Physical Properties—The physical properties of this materiz 
in sheet form are shown in Table 1. 


SAE 25—(Type 1 Alloy) 


General Data—This specification covers aluminum of com 
mercial purity, a material which is available in most of the form 
into which metals are fabricated. The material has excellen 
forming qualities and can be spun, stamped, or drawn into al 
most any desired shape, depending somewhat on the temper 
the material selected for the operation. Its resistance to corro 
sion is excellent, but its physical properties are not especiall: 
high. It is used for such purposes as gasoline and oil tanks an 
lines, truck tanks for milk or gasoline, body panels, instrumen 
dials, and miscellaneous low-stressed parts. 

Similar Specifications—SAE 25 is similar to ASTM B 206 
B 210, and B 211, Alloy 990A; and to AMS 4001, 4003, an 
4062. The commercial designation for SAE 25 is 28. 

Nominal Composition 


Aluminum ee ae ee 99.0 minimum (by difference) 


Physical Properties—The properties of the material in th 
form of sheet are shown in Table 1. Other products have com 


TABLE 1—Minimum Properties of SAH 25 Sheet 


PER CENT ELONGATION® IN 2 IN., FOR VARIOUS THICKNESSES 


GRADE TENSILE 
AND STRENGTH,| 0.250 0.161 0.113 | 0.050 | 0.031 0.019 | 0.012 
TEMPER PSI to to to to to) | ote, to 
0,162 0.114 | 0.051 0.032 0.020 | 0.013 | 0,008 
in. in, 1n. in, in. } in. in, 
O (soft) .| 15,5005} 30 30 30 25 20 15 15 
H12 (4% 
hard)..| 14,000 9 9 8 6 4 3 = 
H14 (1% 
hard)..| 16,000 6 6 5 4 3 2 1 
H16 (34 
hard)..| 19,000 | — 4 4 3 2 aa 1 
H18 
(hard)*} 22,000 | — 4° 4 3 2 1 1, 


_ “In the H12(4H) and H14(}4H) tempers, test specimens are taken parallel to th 
direction of rolling. 
Maximum. So specified to insure complete annealing. 
© The maximum thickness commercially available in the hard temper is 0.128 in. 


TABLE 2—Typical Values of Shearing Strength and Endurance 


Limit of SAE 26 
vere cemanuses cox | 
Or (Sot), Ue, AE 9,500 5,000 
Hi?) (04 Hard) Sees. 10,000 6,000 
Hil4 Ce hard), aitnt ak 11,000 7,000 
Hi6) GHhard)yic as we 12,000 8,500 
HIss(hard\ey tee eee, 13,000 8,500 


parable, although not identical, properties. Rods and bars are 
produced only in the hot-finished and cold-finished conditions, 
for which the approximate tempers are shown in the table in the 
SAE General Information on Aluminum Alloys. The properties 
of the corresponding tempers of sheet can be used, with the 
usual factors of safety, for purposes of design. 

The yield strength in the soft temper is about 5000 psi; in 
the harder tempers it is about 90 to 95% of the tensile strength. 
In the tempers O, H12 (44H), and H14 (14H) the material will 
bend flat on itself. Typical values of shearing strength and en- 
durance limit are shown in Table 2. 


SAE 26—(Type 2 Alloy) 


General Data—This alloy normally is available in bars, rods, 
rolled shapes, and wire. For many years it was the standard 
aluminum structural alloy, and it was used to a considerable 
extent in trucks, buses, aircraft, and similar products. It has 
largely been replaced by SAE 24, 240, and 260 for these structural 
uses. For forgings formerly made of this alloy, the use of SAE 
260 i in the T4(W) temper is recommended. 

Similar Specifications—SAE 26 is similar to ASTM B 211, 
| Alloy CM41A. The commercial designation for SAE 26 is 17S. 


Nominal Composition 


Co pPE MEME P he eld il act antowan ne ane a 4.0 
INEAIIP ATES OMe hy tained hind wei: 0.5 
AVILA STE SIEM IAM cle tinct yw clece tore Bhere so Qrtrane ecto oes 0.5 


Physical Properties—The minimum physical properties of the 
alloy in the form of bars, rods, and wire in the heat-treated temper 
T4(T) are given in Table 1. The guaranteed maximum tensile 
strength of the alloy in the soft temper is 35,000 psi. In the heat- 
treated T4 condition, its shear strength is about 38,000 psi and 
| its endurance limit (500 million cycles) about 18,000 psi. 


TABLE 1—Minimum Physical Properties of SAE 26 


DIAMETER OR YIELD a 
ee | moore | Oo 
| Rods, bars, | Up to 0.124 55,000 == os 
and wire | 0.125 to 8.000 55,000 32,000 16 


® The gage length for measurement of elongation is equal to four times the diameter 


i or distance across flats except in sections for which a flat tension-test specimen is used, 
| in which the case the gage lenth is 2 in. 


SAE 260—(Type 2 Alloy) 


_ General Data—This alloy is a high-strength composition 
generally similar to SAE 24 and 26 and was originally developed 
| for use in forgings. It is now commercially available in the form 
of forgings, rolled or extruded rods, bars and shapes, and clad 
sheet. It has a good machinability and a good resistance to cor- 
rosion, although paint protection is recommended (except for 
clad sheet) in severely corrosive exposures. 

Similar Specifications—SAE 260 is similar to ASTM B 209, 
Alloy Clad CS41A; to ASTM B 211, B 221, and B 235, Alloy 


WROUGHT ALUMINUM ALLOYS 201 


CS41A; and to AMS 4121, 4134, 4135, and 4153. The commercial 
designation for SAE 260 is 148. 


Nominal Composition 


Cop peri re me re Aotte ie cera et e e  E 4.4 
SHUN GOT ais ea cere percha 6 OO ter Rene Soe e pe rae er erate 0.8 
NAN PANESE many cprent cristae ne oni Neh 9-8 SO RIES 0.8 
Magnesttinempere tn ee rh te rt ee ee 0.4 


Physical Properties—The minimum properties of the alloy 
are shown in Table 1. 


TABLE 1—Minimum Properties of SAE 260 


TENSILE YIELD ELONGA- 
FORM TEMPER THICKNESS, IN. STRENGTH, |STRENGTH, | TION IN 2 
PSI PSI IN., % 
Forgings T4 Up to 4 55,000 |30,000 168 
T6 Up to 4 65,000 155,000 10° 
Extruded rods, | T4 All 50,000 (35,000 12 
bars, shapes | T6 |0.125-0.499 60,000 {53,000 7 
0.500-0.749 64,000 [58,000 a 
0.750 and over?|68,000 |60,000> 7 


Rolled rods, T4 
bars, shapes | T6 


0.125 and over |55,000 (32,000 16 
0.170 and over4/65,000 |55,000 8 
Clad sheet T3 


0.020-0.039 55,000 {35,0002 14 


0.040-0. 249 57,000 |36,000° 15 
T6 |0.020-0.039 63,000 (55,000 7 
0.040-0. 249 (64,000 (57,000 8 


® These elongations apply to specimens cut from separately forged coupons. When 
tension-test specimens are cut from forgings, with the grain flow substantially parallel 
with the axis of the test specimen, the minimum elongation shall be 11% for T4 temper 
and 7% for T6 temper. For specimens in which the grain flow is not substantially 
parallel to the axis, the elongation shall be as agreed upon. 
For material heat- treated or reheat-treated by the user, a somewhat lower value 
must be expected. 
aximum cross-sectional area 25 sq in. 
Maximum cross-sectional area 36 sq in 
® Applies to flat sheet; for coiled sheet the minimum is about 2 ,000 psi lower. 


The shearing strength of the alloy in the heat-treated (T4) tem- 
per is approximately 38,000 psi and in the heat-treated and aged 
(T6) temper is approximately 45,000 psi. The endurance limit 
is approximately 18,000 psi in both tempers. 


SAE 270—(Type 2 Alloy) 


General Data—This alloy finds its principal usage in the pro- 
duction of forged pistons for high-output gasoline engines and in 
similar forgings required to retain a relatively high strength at 
elevated temperatures. SAE 290 is used for similar applications. 

Similar Specifications—SAE 270 is similar to AMS 4140. The 
commercial designation for SAE 270 is 188. 


Nominal Composition 


(Clay 8) OL Orr croiep tact Oe CR ORIS ODEO RE OO. meee ane ERracae 4.0 
INWVOEGE) 5 a oatthe cob 6 n Gai ceeetares Sree Bo rn oN OC Baio 2.0 
Vig eMORiIIN mane eit ete kite ese ag Secs ial ree 0.5 


Physical Properties—Forgings in this alloy, up to 4 in. in 
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thickness and in the T6(T) temper, are manufactured to the 
following minimum property requirements: 


Tensile'strength. pais... .2242 0: eee Cee 55,000 
Yield strength; psig. ose. eo ee eee 40,000 
Hiongation An’ 2im7, Vpan oes oe meeieee oe eee 108 


® This elongation applies to specimens cut from separately forged coupons. When 
tension-test specimens are cut from forgings with the grain flow substantially parallel 
to the axis of the test specimen, the minimum elongation shall be 7%. For specimens 
in which the grain flow is not substantially parallel to the axis, the elongation shall be 
as agreed upon. 


SAE 280—(Type 2 Alloy) 


General Data—Because of the readiness with which this alloy 
can be formed hot, it is used for complicated forgings that cannot 
be readily produced in SAE 26 or 27, for forgings in which a very 
high strength is not required, and for impact extrusions. 

Similar Specifications—SAE 280 is similar to AMS 4125. The 
commercial designation for SAE 280 is A5IS. 


Nominal Composition 


PS TER COTE Schack antec ere ee od SOLS rE ea ee 1.0 
Min SNES WIN er chen ot ais elem eras enone oee Rees 0.6 
(CHTOMPUM ey spose Moe ae ee ee 0.25 


Physical Properties—Forgings of this alloy, up to 4 in. in 
thickness and in the T6(T) temper, are maufactured to the fol- 
lowing minimum property requirements: 


Tensile’strengthy psi «oes Garis ern ence 44,000 
Wieldastreng thy. pate Menaceert orate eer 37,000 
longation in 2 in: or4 Dy, 2... sees 148 


* This elongation applies to specimens cut from separately forged coupons. When 
tension-test specimens are cut from forgings with the grain flow substantially parallel 
to the axis of the test specimen, the minimum elongation shall be 9%. For specimens 
in which the grain flow is not substantially parallel to the axis, the elongation shall 
be as agreed upon. 


SAE 281—(Type 2 Alloy) 


General Data—This alloy has good physical properties, es- 
pecially yield strength, and is capable of being formed more 
severely in the T6 (heat-treated and aged) temper than the other 
Type 2 alloys. In the quenched temper, even more difficult 
forming can be done, and the resulting shape can then be arti- 
ficially aged to produce the T6 (heat-treated and aged) temper. 
Sheet and plate in this alloy are used in bus and truck construc- 
tion. This alloy also finds some use in aircraft and aircraft engines 
in the form of both tubing and sheet. Its good resistance to cor- 
rosion makes it attractive for many structural applications where 
its strength will suffice. 

Similar Specifications—SAE 281 is similar to ASTM B 209, 
B 210, B 211, B 221, B 235, and B 241, Alloy GS11A; and to 
AMS 4025, 4026, 4027, 4080, 4082, and 4150. The commercial 
designation for SAE 281 is 61S or R361. 


Nominal Composition 


Magnesium: f2tn0s eter cise Chen ost Aas eee 1.0 
Silicon. 5202022 Ans oee eet e ee eee 0.6 
COBDOR oc 5 s.s'0 chub eee a ae a ee eee See a ee 0.25 
(CHrOmIUDN 1.) 2 oe eerie mere, eae ae 0.25 


Physical Properties—The minimum properties of the alloy 
are shown in Table 1. 


The maximum tensile strength in the soft (O) temper is 22,000 


psi. The shearing strength in the quenched T4(W) temper is: 
approximately 24,000 psi and in the heat-treated T6(T) temper 
is about 30,000 psi. The endurance limit is approximately 13,500 
psi in either temper. 


TABLE 1—Minimum Properties of SAE 281 


E ELON- 
fA GATION 
Fs [IN 2 IN 

& lor 4D,% 


FORM TEMPER 


STRENGTH, 


PSI 


T4(W) (quenched) 3 
T6(T) (heat-treated) |42 


Sheet and plate 


AIPEEEEEES 
g 


Extrusions T4(W) (quenched) 26, 16,000} 16 
T6(T) (heat-treated) (38, 
Tubing T4(W) (quenched) 30, 16,000} 14* 


T6(T) (heat-treated) (42 
T4(W) (quenched) 30, 
T6(T) (heat-treated) |42 


. 


Rods and bars , 
(hot-finished) 


~ 


@ The minimum elongation which may be specified for sheet and plate varies with 
the thickness, and for tubing varies with the wall thickness and diameter. 


SAE 282—(Type 2 Alloy) 


General Data—This alloy is similar to SAE 281 in its general 
characteristics, and for this reason has been largely superseded 
by it for most applications. SAE 282 is still used in the form of 
extruded shapes for architectural applications. 

Similar Specifications—SAE 282 is similar to ASTM B 221, 
Alloy GS11B. The commercial designation for SAE 282 is 535. 


Nominal Composition 


Magnesium. {0526 SE Ca. crest eaeeee 1.3 
Silicon #9220009) VE GG ee Oar 
Chronatuma 25: 202806 es as cate Ole ei aie een 0.25 


Physical Properties—The minimum properties of the alloy 
in the form of extrusions are given in Table 1. 

The maximum tensile strength of O material in all forms anc 
sizes is 19,000 psi. The shearing strength of the alloy in the 
quenched T4(W) temper is approximately 20,000 psi and in the 
heat-treated T6(T) temper is about 24,000 psi. The endurance 
limit in both tempers is approximately 13,000 psi. 


TABLE 1—Minimum Properties of SAE 282 


| TENSILE YIELD ELONGATION IN 


Nt STRENGTH, PSI | STRENGTH, PSI | 2 IN. OR 4D, % 


T4(W) (quenched)....... 
T6(T) (heat-treated).... 


14,000 16 
25 ,000 10 


SAE 29—(Type 1 Alloy) 


General Data—This alloy is available in practically all forms 
although it is not usually used for rolled structural shapes 
forgings, or rivets. This alloy is used where strength and hardnes: 
somewhat greater than those of commercially pure aluminum 
(SAE 25) are required. The forming qualities are only slightly 
inferior to those of the latter material. Its resistance to corrosor 
is excellent. It is used in the form of sheets for gasoline tanks for 
aircraft and for automobile-body panels, although some of the 
harder alloys are finding increasing use for these purposes. 

Similar Specifications—SAE 29 is similar to ASTM B_ 209, 


_ B 210, B 221, B 235, and B 241, Alloy M1A; and to AMS 4006, 
_ 4008, 4065, and 4067. The commercial designation for SAE 29 
is 38. 


Nominal Composition 


NUDE EEAVTLSTED oo cada cl kel oes hoes oe een ee oe 1.3 


Physical Properties—The minimum properties of this material 
in the form of sheet are shown in Table 1. Other products have 
comparable, although not identical properties. 

Rods and bars are produced only in the hot-finished and cold- 
finished conditions, for which the approximate tempers are 
shown in the table in the SAE General Information on Aluminum 
| Alloys. The properties of the corresponding tempers of sheet 
| can be used, with the usual factors of safety, for purposes of 
| design. The strength of extruded sections varies between the 
values for the soft and the half-hard tempers, depending on the 
section, but strengths higher than those of the soft temper cannot 
be guaranteed. 
In the O (soft) temper, the yield strength is about 6,000 psi; 
| in the harder tempers, it is approximately 85 to 90% of the ulti- 
_ mate tensile strength. Typical shearing strength and endurance 
limit are shown in Table 2. 


| 


TABLE 1—Minimum Properties of SAE 29 Sheet 


PER CENT ELONGATION® IN 2 IN., FOR VARIOUS THICKNESSES 
TENSILE 


STRENGTH, 
PSI 0.249 to j0.161 to| 113 to 0.050 to |0.031 to |0.019 to |0.012 to 
0.162 in.]0.114 in.| 051 in. |0.032 in.|/0.020 in.}0.013 in. 0.008 in. 


GRADE AND 
TEMPER 


', O Goft).|19,000° | 25 | 25 | 25 | 23 | 20 | 20 | 18 
| Hl 3% 
hard). .|17,000 8 7 6 5 4 
Hi4 (4 


3 — 


- hard). .|19,500 a 6 5 4 3 2 1 
| HIG (% 
‘| hard). ./24,000 — 4 4 3 2 1 1 
| #H18 
UW Ghard)j27,00 | — | 4, 4] 3 | 2] 1] 1 
- | : ® In the H12(}4H) and H14(}2H) tempers, the tension-test specimen is taken paral- 
ie lel to the direction of rolling. 


Maximum. So specified to insure complete annealing. 


TABLE 2—Typical Shearing Strength and Endurance Limit 


; of SAE 29 

4 APPROXIMATE APPROXIMATE 
y TEMPER SHEARING ENDURANCE 
= _| STRENGTH, PSI LIMIT, PSI 

| ee 11,000 7,000 

(mete ard) a0) oo cede es 12,000 8,000 

#14 Cop venhachl (5 aa eet ene eee 14,000 9,000 

) CSG CH TE)) oS oe Ae 15,000 9,500 

Memasse(hurd) eters ot. eee ee ; 16,000 10,000 


SAE 290—(Type 2 Alloy) 


General Data—This alloy retains its properties well at elevated 
, temperatures and has a lower coefficient of thermal expansion 
than the other wrought aluminum alloys. For these reasons, it is 
well suited for forged pistons. 

Similar Specifications—SAE 290 is similar to AMS 4145. The 
‘commercial designation for SAE 290 is 328. 
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Nominal Composition 


DILCOTM EMR Ltt ee an Sw ee a ee, sees 12.2 
DVI DOS WU tc Rete ke eRe Ne Sot ese nine er es Senn oe ae poe Jee 
COpperstn ee ch eee Ie TE aed 0.9 
INITCONEG)| agi ee. & a 5 eae ee ell ne ye ame eS 0.9 


Physical Properties—Forgings of this alloy, up to 4 in. in 
thickness and in the T6(T) temper, are manufactured to the 
following minimum property requirements: 


Tensile strength, psi........ re ahaa eae ae ee 52,000 
Vieldvstrengthpipsie ace. ooo snel re. see 42,000 
Elongation in 2.1n.or in4D,%... . sic..00. 2s 8 53 


® This elongation applies to specimens cut from separately forged coupons. When 
tension-test specimens are cut from forgings with the grain flow substantially parallel 
to the axis of the test specimen, the minimum elongation shall be 3.5%. For specimens 
in which the grain flow is not substantially parallel to the axis, the elongation shall be 
as agreed upon. 


The shearing strength of the alloy is approximately 38,000 
psi, and the endurance limit approximately 16,000 psi. 


Dimensional Tolerances of Wrought 
Aluminum Alloys 


Tables 1 through 5 list the dimensional tolerances to which 
aluminum alloy products are commercially produced. These 
tables apply, however, only to those sizes listed by the producer 
as commercial for the alloy being ordered. For sizes outside of 
commercial limits, the tolerances shall be as agreed upon by the 
supplier and purchaser. 


TABLE la—Thickness Tolerances (Plus and Minus) for Flat and 
Coiled Sheet and Piate, SAE 25 and 29 


WIDTH, IN. 


SESS at Up to |Over 18 |Over 36 |Over 54 |Over 72 |Over 90 |Over 102 


18, in- |through |through | through |through |through |through 
clusive 36 54 72 90 102 132 


3.000 to 2.751 |0.090 |0.090 |0.090 |0.090 |0.120 /0.150 | — 
2.750 to 2.251 |0.075 0.075 |0.075 |0.075 |0.100 |0.125 | — 
2.250 to 1.876 |0.060 |0.060 0.060 |0.060 |0.080 |0.100 |0.100 
1.875 to 1.626 0.052 |0.052 |0.052 [0.052 |0.070 |0.088 |0.088 
1.625 to 1.376 |0.045 |0.045 |0.045 |0.045 |0.060 |0.075 |0.075 


1.375 to 1.126 0.040 |0.040 |0.040 |0.040 |0.052 |0.065 |0.065 
1.125 to 0.876 {0.035 |0.035 |0.035 [0.035 [0.045 |0.055 |0.055 
0.875 to 0.626 |0.030 |0.030 |0.030 |0.030 |0.037 |0.045 |0.045 
0.625 to 0.489 {0.025 |0.025 |0.025 |0.025 |0.030 |0.035 |0.035 
0.488 to 0.321 |0.019 |0.019 |0.019 |0.019 |0.023 |0.026 |0.026 


0.320 to 0.250 0.013 |0.013 |0.013 |0.015 |0.017 |0.020 | — 
0.249 to 0.204 {0.009 |0.009 0.011 {0.013 |0.015 |0.017 | — 
0.203 to 0.173 {0.007 |0.007 /0.009 |0.011 |0.013 |0.015 | — 
0.172 to 0.141 {0.006 {0.006 |0.008 |0.009 j0.011 |0.012 | — 
0.140 to 0.109 |0.0045/0.0045/0.005 |0.007 |0.009 |0.010 | — 


0.108 to 0.097 |0.0035)0.004 |0.005 |0.007 |0.009 |0.010 | — 
0.096 to 0.077 0.003 |0.003 |0.004 |0.006 |0.008 | — = 
0.076 to 0.069 |0.0025/0.003 |0.004 |0.006 |0.008 | — — 
0.068 to 0.046 |0.0025/0.003 |0.004 |0.005 |0.007 | — = 
0.045 to 0.037 |0.002 |0.0025)0.003 |0.004 | — = = 


0.036 to 0.029 {0.002 /0.002 |0.0025/0.0035) — a as 
0.028 to 0.018 |0.0015/0.002 |0.0025 
0.017 to 0.011 |0.0015/0.0015)0.002 
0.010 to 0.008 {0.001 |0.0015} — a oan ar v2 
0.007 to 0.006 {0.001 |0.001 | — co == = Te 
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TABLE 1b—Thickness Tolerances (Plus and Minus) for Flat and Coiled Sheet and Plate, SAE 20, 24, 201, 240, and 281 


WIDTH, IN. 


THICKNESS, IN. ; 
Up to 18, | Over 18 Over 36 Over 48 Over 54 Over 68 Over 66 Over 72 Over 78 Over 84 Over 98 Over 96 
inclusive | through 36 | through 48 | through 54 | through 60 | through 66 | through 72 | through 78 | through 84 | through 9@ | through 96 | through 120 


3.000 to 2.751 0.090 0.090 0.090 0.090 0.090 0.090 0.090 0.120 0.120 aa = _ 
2.750 to 2.251 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.100 0.100 0.100 ae — 
2.250 to 1.876 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.080 0.080 |” 0.080 0.100 0.100 
1.875 to 1.626 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.070 0.070 0.070 0.088 0.088 
1.625 to 1.376 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.060 0.060 0.060 0.075 0.075 


1.375 to 1.126 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.052 0.052 0.052 0.065 0.065 
1.125 to 0.876 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.045 0.045 0.045 0.055 0.055 
0.875 to 0.626 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.037 0.037 0.037 0.045 0.045 
0.625 to 0.439 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.030 0.030 0.030 0.035 0.035 
0.438 to 0.321 0.019 0.019 0.019 0.019 0.020 0.020 0.023 0.023 0.025 0.025 0.026 — 


0.320 to 0.250 0.013 0.013 0.013 0.013 0.015 0.018 0.020 ©} 0.020 0.020 0.020 = — 
0.249 to 0.204 0.009 0.009 0.011 0.011 0.013 0.016 0.018 0.018 0.018 0.018 0.024 0.028 
0.203 to 0.173 0.007 0.007 0.010 0.010 0.011 0.014 0.016 0.017 0.017 0.017 0.022 0.026 
0.172 to 0.141 0.006 0.006 0.008 0.008 0.009 0.012 0.014 0.015 }~0.016 0.017 0.019 0.023 
0.140 to 0.109 0.0045 | 0.0045 | 0.005 0.005 0.007 0.010 0.012 0.013 0.014 0.016 0.018 0.020 


0.108 to 0.097 0.004 0.004 0.005 0.005 0.007 0.010 0.012 0.013 0.014 0.016 0.018 0.020 
0.096 to 0.077 0.0035 | 0.0035 | 0.004 0.005 0.006 0.008 0.010 0.010 0.011 0.012 = a 
0.076 to 0.069 0.003 0.003 0.004 0.005 0.006 0.008 0.010 0.010 0.011 0.012 = = 
0.068 to 0.046 0.0025 | 0.003 0.004 0.005 0.006 0.006 0.007 0.008 0.009 = = ae 
0.045 to 0.037 0.002 0.0025 | 0.003 0.004 0.005 == = ae = = = =: 


0.036 to 0.029 0.002 0.002 0.0025 = = — — = = oe = ous 
0.028 to 0.018 0.0015 | 0.002 0.0025 = = — — — 7 a 22 
0.017 to 0.011 0.0015 | 0.0015 — — — — — — == — _s 
0.010 to 0.007 0.001 0.0015 = — — — = = ae ae = 


Tolerances for Bars, Rods, and Wire—Bars, rods, and wire TABLE 2c—Cold-Finished Rods and Bars, Rounds, Squares, 
in all alloys are manufactured to the tolerances shown in Tables Hezxagons, Octagons, and Rectangles Up to 4.00 In. 
2a to 2c. Wide or 114 In. Thick 

TOLERANCE, PLUS AND MINUS 

TABLE 2a—Hot-Finished Round Rods, All Alloys genoa led 

: Rounds PTS Oe Rectangles 
TOLERANCE, IN. 
DIAMETER, IN. 
ah aes Up to 0.035 0.0005 “ 0.0010 
0.036 to 0.064 0.0010 0.0015 0.0015 
1.501 to 2.000 0.006 0.006 0.065 to 0.500 0.0015 0.0020 0.0020 
2.001 to 3.499 0.008 0.008 0.501 to 1.000 0.0020 0.0025 0.0025 
3.500 to 5.000 lho V4 1.001 to 1.500 0.0025 0.0030 0.0030 
5.001 to 8.000 ee ve 1.501 to 2.000 0.0040 0.0050 0.0050 
2.001 to 3.000 0.0040 — 0.0050 
3.001 to 4.000 — —_ 0.0050 
TABLE 2b—Hot-Finished Bars, Squares, Hexagons,® * Hexagons only. 


d Rectangles, All All aN 
ar aie ee Tolerances for Hot-Rolled Structural Shapes—Hot-rolled 


Pee AS EAM | CER EC gg SR OR igi RENTED structural shapes are manufactured to the tolerances shown in 

; i Table 3. Standard extruded structural shapes, channels, I-beams, 

Up to 0.500 0.006 Up to 1.500 dat angles, X’s, and T’s, in which the thickness of web, flange, or 

0.501 to 0.750 0.008 1.501 to 4.000 io leg is not less than 0.140 in. are manufactured to a tolerance of 

0.751 to 1.000 0.012 4.001 to 6.000 34 plus and minus 214% on the nominal weight of the section. Other 

1.001 to 2.000 0.016 6.001 to 10.000 Ye tolerances on extruded shapes are as agreed upon between the 
2.001 to 4.000 0.020 — = producer and the supplier for the individual section. 


* Hot finished hexagons are furnished only in sizes over 14 in.; ller sizes are . 
cold finished. . ah A os com (Continued on next page.) 
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| _ TABLE 3—Hot-Rolled Shapes (Channels, Angles, and Z-Bars) 


TYPE OF SECTION TOLERANCE 
H Thickness | Angles and Z-bars up | Up to 0.399 in. inclusive, 
- of Sec- to 6 x 6 in. plus and minus 0.010 in.; 
tion Channels up to 10 in. 0.400 in. and over, plus 
and minus 2.5% of the 
} a nominal thickness. 
) | ans a | 
; || Overall Di- | Angles and Z-bars up | Length of leg, plus and 
| mensions | to 6 x 6 in. minus 214% of nominal 
I Channels up to 10 in. .| length, except no toler- 
7 | ance shall be less than 
Hl plus and minus 4g in. 
- | Overall width, plus 342, 
minus }4¢ in. 
Width of flange, plus and 
minus 4% of nominal 
Q width. 
f | 
) Weight Angles and Z-bars, 3 x3) For a single lot or ship- 
) | in. to 6 x 6 in. ment, plus and minus 
Channels, 3 in. up to | 244% of the nominal 
10 in. weight. 


Tolerances on Drawn Tubing—Drawn tubing is manufactured 
to the tolerances shown in Tables 4a to 4c. 


TABLE 4a—Outstde-Diameter Tolerances* 


* For Type 1 alloys the tolerances apply to individual readings of the diameter. 
For Type 2 alloys the tolerances on round tubes apply to the pi-tape reading or to the 
mean of two measurements of the diameter taken at right angles to each other in any 
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TABLE 4c—Straightness Tolerances 


NOMINAL OUTSIDE 


. a 
DIAMETER, IN. ALL ALLOYS AND ALL TEMPERS EXCEPT SOFT 


0.1 in. in 10 ft or 
1 part in 1200 parts of length for shorter 
lengths 


3¢ to 12 inclusive 


® Tubing in O (soft) temper or in diameters less than 9 in. is supplied commercially 
straight, substantially free from kinks and sharp bends. 


TABLE 5a—Straightness Tolerances for Extruded Rods, Bars, and 
Shapes 


TOLERANCE,” IN. 


CIRCUMSCRIBED CIRCLE 


DIAMETER, IN.* MINIMUM THICKNESS, IN. 


Allowable deviation 
from straight 
per ft of length 


Io tan overs... ae — 0.0125 
Winder ahts See e, tae Over 0.094 0.0125 
Winders] Loremnser at $05.0 0.094 or under 0.050° 


® The circumscribed cirele diameter is the diameter of the smallest circle which will 
completely enclose the shape. 
Not applicable to extruded shapes in the O (annealed) temper. 
© When weight of shape on flat sur*‘ace minimizes deviation. 


TABLE 5b—Tolerances (Plus and Minus) for Extruded Rods, Bars, 


and Shapes (Cross-Sectional Dimensions) 
Col.2 Col4 Notea Cols.4,5,6,7 


Col, 3 


i| NOMINAL DIAMETER, IN. TOLERANCE 
¥; 3%5 to ¥% inclusive +0.003 
Greater than 44 and up to 1 inclusive +0.004 
Greater than 1 and up to 2 inclusive +0.005 
ae | Greater than 2 and up to 3 inclusive 0.006 
i | Greater than 3 and up to 5 inclusive +0.008 
‘s) Greater than 5 and up to 6 inclusive +0.010 
i" Greater than 6 and up to 8 inclusive +0.015 
= | Greater than 8 and up to 10 inclusive +0.020 
I. Streamline—Major axis +0.050, —0.035 
I Minor axis +0.035, —0.025 


lane along the length of the tube; individual readings may deviate from the nominal 

yy double these tolerances. These tolerances do not apply to tubes in the O (soft) tem- 
per or tubes in which the wall thickness is either less than 2.5% of the outside diame- 
ter, or less than 0.020 in. 


TABLE 4b—Wall-Thickness Tolerances* 


NOMINAL THICKNESS, IN. TOLERANCE, PLUS AND MINUS 

0.010 to 0.035 inclusive 0.002 
i 0.036 to 0.049 inclusive 0.003 
pi 0.050 to 0.120 inclusive 0.004 
us, 0.121 to 0.203 inclusive 0.005 
>t 0.204 to 0.300 inclusive 0.008 
eo! 0.301 to 0.375 inclusive 0.012 
ther 0.376 to 0.500 inclusive 0.032 


® For Type 1 alloys the tolerances apply to individual readings of wall thickness. 
Vor Type 2 alloys the mean of any two readings of the wall thickness taken 180 deg 
wpart on any diameter of the tube shall not deviate from the nominal thickness by 
more than the amount of the tolerance shown; individual readings of the wall thick- 
ness shall not deviate by more than plus and minus 10% of the nominal thickness 


Col. 2 
Col. 2 
TOLERANCE,” IN. 
Metal tenon Space dimensions 
Allowable deviation from RACE Nae . 
: 5 ; Allowable d f fied 
ae See ce Ripe insenotons Se than 25% of the 
sencreniy  BuneMe dimension is metal dimension is space 
SION, IN. 
At dimen-|At dimen-! At dimen- 
Altvexouniwall-thickuecs® sioned sioned sioned |At dimen- 
cepting | completely en- uae points oes sioned, 
those closing space fe In. to | 78 in, to |1/ in, to points 2% 
covered | 0.11 sq in, and Gort (not in- | (not in- in. or 
by ek | “over (eccen= | luting) | clung) | using) | more 
unin tricity) from base from base from basel of leg 
of leg of leg of leg 
Column 1 Column 2} Column 3 Column P Caliston 5,Column 6,Column 7 
14 to 15 0.080) +0.090 +0.106)+-0.142|+0.196 
12 to 14 0.074 +0.084/+0.100)+0.184)+0.184 
10 to 12 +0.064 )|£0.074|/-0.088) 4-0. 116) +0. 160 
8 to 10 0.054 +0.064)+0.074|/--0.100) +0.136 
6 to 8 +0.044 +0.054)+0 .062)--0.082)+0.112 
4 to 6 +0.034| Plus or 0.042) +-0.050 +0.064/--0.088 
2 to 4 +0.024) minus 10%|+0.032)-+-0.036,-+-0.048)-+0.064 
————|max. 0.060 
1.5 to 2 +0.016)min. +0.010)+0.024 +0 .028)--0.034/+-0.050 
1 to 15 +0.012 0.020) -E0 .022) +0 .026| 0.034 
0.75 to 1 +0.010 0.018) -+0.020 +0.022/+-0.030 
0.5 to 0.75 |+0.009 +0.016)-40.018/+0.020)--0.026 
0.25 to 0.6 |+0.008 +0.014 +0.016+0.018 +0.022 
0.125 to 0.25 |40.007 +0.012)+0.014|/+0.016)/+0.020 
Under 0.125 |-40.006 +0.010)/+0.012)/+0.014/+0.016 


48 The sum of the tolerances of component dimensionswill not be used as a tolerance 
for an overall dimension. 
b At points less than }4 in. from base of leg, the tolerances in Col. 2 are applicable. 
Where the space is completely enclosed (hollow shapes), the tolerances in Col. 4 are 


applicable. 


© Where the dimensions specified are outside and inside, rather than the wall thick- 
ness itself, allowable deviation is plus or minus 10% of mean wall thickness, maxi- 
mum +0.060, minimum 0.010. 
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Magnesium Alloys 


SAE General Information 


Report of Nonferrous Metals Division approved January 1940 and last revised by Nonferrous Metals Technical Committee January 1950. 


Sources of Magnesium—Magnesium is the third most abun- 
dant structural element in the earth’s crust, and the raw materials 
from which it can be obtained commercially are widely distrib- 
uted and may be considered inexhaustible. These sources are 
sea water, natural brines, and the common minerals magnesite 
and dolomite. Efficient methods of extracting magnesium have 
been worked out, the method most commonly used being a process 
in which sea water is treated with lime to precipitate the mag- 
nesium as hydroxide, which is then mixed with hydrochloric acid 
to produce magnesium chloride solution. This solution is evapo- 
rated, and the thoroughly dried magnesium chloride goes to 
electrolytic cells in which it is broken down into magnesium 
metal and chlorine gas. Another method of extraction in popular 
use during World War II was a thermal-reduction method em- 
ploying an alloy of iron and silicon to reduce magnesium oxide. 


Properties—The outstanding characteristic of magnesium and 
its alloys is lightness, the specific gravity averaging about 1.8. 
Aluminum, the other light metal, is 50% heavier and the so-called 
heavy metals—iron, copper, and zinc—are approximately four 
times as heavy. Magnesium alloys melt at relatively low tempera- 
tures, being in the same approximate range as aluminum alloys. 
Magnesium possesses a relatively high thermal conductivity and 
coefficient of thermal expansion. The electrical conductivity 


of magnesium alloys is relatively high; and, like other metals, the 


conductivity decreases with increasing amounts of alloyed m etals 


Alloying Elements—The most common alloying ingredients 
added to magnesium are aluminum, zinc, and manganese. Small 
amounts of metals like beryllium, cerium, zirconium, silicon, and 
tin are sometimes used when it is desired to produce alloys with 
special properties. 


Working and Welding—Magnesium can be readily formed by 
the common methods known to the metal-working art. These 
include drawing, pressing, spinning, and bending. The working 
of magnesium is best done at temperatures of approximately 
300 to 750 F! because of greatly improved workability and free- 
dom from springback. Magnesium is likewise a very versatile 
metal with respect to joining operations, because gas, arc, and 
electric-resistance welding can be used as well as common meth- 
ods like bolting and riveting. 


Corrosion Resistance—The resistance of magnesium to cor- 
rosion is such that protective finishes may not be required in 
rural and most industrial atmospheres, but paint .coatings are 
recommended to prevent tarnishing and roughening of the 
surface in humid industrial or marine atmospheres. Magnesium 
is resistant to many alkalis and oils, but generally speaking, it is 
not recommended for constant contact with water or water 
solutions. Protective measures have been developed, however, 
which effectively protect the metal against intermittent contact 
with water. Working details on magnesium in its various forms 
are available from the producers of magnesium alloys. 


1 Temperatures near the minimum of the range should be used for hard-rolled 
sheet, and the time at temperature should be held to the minimum. 


When yield strength is specified, it is that stress at which the 
stress-strain curve deviates 0.2% from the modulus line. 


Magnesium Casting Alloys 


The magnesium casting alloys listed below are included in the 
SAE Standard on Magnesium Casting Alloys. 


SAE 
Num- USUAL FORM 
ber 


GENERAL DATA 


50 Sand Cast 
500 | Sand Cast 


General casting alloy 

High yield strength, pressure tight- 
ness 

“General die-casting alloy 

General die-casting alloy 

Best castability 


501 Die Cast 

501A} Die Cast 

502 | Permanent-Mold 
Cast 

503 | Permanent-Mold 
Cast 


General casting alloy 


Magnesium alloys are available as sand castings, die castings 
and permanent-mold castings. They are furnished in different 
compositions, depending on the properties required for the in- 
tended service. Magnesium castings are used extensively in 
aircraft, where the metal has replaced heavier materials in engine 
castings, instrument housings, landing wheels, and miscellaneous 
structural supports and brackets. Bus and truck applications 
include tire carriers, transmission housings, and diesel-engine 
parts. Automotive production applications using cast-magnesium 
alloys include portable tools, production machinery, foundry 
patterns, core boxes and flasks, jigs and fixtures, and safety blocks. 

The separately cast test specimen serves as a control of the 
metal quality; and, in the case of heat-treated alloys, it also serves 
as a control of the heat-treatment process, because such test bars 
are heat-treated with castings. Factors of safety, used in design, 
cover the variations of commercial castings from the properties 
specified for the alloy, which are based on tests of separately cast 
test specimens. 

The properties obtained from test specimens machined from 
castings will vary, depending upon the location from which the 
bar is taken. Specimens taken from thin sections may have 
properties higher than those required for the alloy, while speci- 
mens taken from heavy sections or from locations near gates or 
risers may show lower properties. 

When tension-test specimens are to be obtained from castings, 
not less than 3 and preferably more should be taken. Test bars 
should be selected in equal numbers from the heaviest, lightest, 
and intermediate sections of the casting. The specimens may be in 
the form of flat-sheet specimens or round specimens. The average 
tensile strength and yield strength of specimens cut from castings 
shall be not less than 75% of the values shown in the table, and 
the average elongation shall be not less than 25% of the values. 

The physical properties given in the Standard for sand-casting 
alloys are those obtained from 4 in. diameter standard tension- 
test specimens separately cast in sand without the use of chills, 
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while those for permanent-mold alloys are for test bars of sim- 
ilar size cast in a metal mold. These bars are tested without 
machining after having been subjected to the same heat-treat- 
ment as castings. 

Sand Castings—In the design of patterns, a shrinkage factor of 
5 in. per ft is generally used, but this may be reduced to ¥ in. 
or less if free shrinkage is restrained by bosses, internal cores, or 
gates and risers necessary in casting. In order that the best results 
may be obtained, the casting producer should be consulted con- 
cerning the design of patterns, choice of alloy, heat-treatment, 
and protective measures for the conditions under which the 
casting is to be used. 

Generally, the as-cast condition is used where only moderate 
strength is required. The heat-treated condition is used for maxi- 
mum ductility. The heat-treated and aged condition is used for 
maximum strength and hardness and to minimize growth. 

Die Castings—The die-casting process offers many advantages 
as a method of fabricating magnesium alloys, including low cost 
in quantity production, decrease in amount of machining, ex- 
cellent surface finish, dimensional accuracy, and metal saving 
by virtue of being able to cast thin sections. The cold-chamber 
process is recommended for die casting magnesium alloys. 

Permanent-Mold Castings—Magnesium alloys are available 
as permanent-mold castings in different compositions, but the 
majority of permanent-mold castings are produced in composi- 
tions SAE 502 and SAE 503. The choice of alloy is frequently 
controlled by casting-fabrication considerations quite as much as 
by the physical properties desired. For instance, while it. would 
be desirable to make all permanent-mold castings of SAE 503, 
because this alloy represents the best combination of mechanical 
properties, corrosion resistance, and casting characteristics, some 
parts must be fabricated of composition SAE 502 because it is 
less hotshort; otherwise, the cost of producing these parts would 
be prohibitive because of the high scrap loss due to hot cracks. 
The deciding factor in whether a part should be produced as a 
sand casting or a permanent-mold casting is usually economy, 
but complexity of design is also an important factor. While each 
part must be considered individually, there are instances when 
quantities as low as 500 pieces can be produced more economi- 
cally, including cost of mold equipment, as permanent-mold 
castings than as sand castings, with the added advantage of 


| closer dimensional tolerance. Complex parts which cannot be 


made in full permanent molds can often be produced in semi- 
permanent molds using sand cores. By the semi-permanent mold 
process, fairly complex castings can be produced more economi- 


cally than in sand, with the advantages of surface smoothness, 


close tolerance, and the dense structure which characterizes metal 
cast in chills. 

The minimum thickness of section to which magnesium alloys 
can be cast in the permanent-mold process is approximately 4% 
in. for small areas and % in. for large areas. 


Wrought Magnesium Alloys 
The wrought magnesium alloys listed below are included in 
the SAE Standard on Wrought Magnesium Alloys. 
Wrought magnesium alloys are available as extruded bars, 


2 Temperatures near the minimum of the range should be used for hard-rolled 
sheet, and the time at temperature should be held to the minimum. 


rods, shapes, tubing, forgings, rolled plate, and sheet. Magnesium 
alloys can be given the usual forming operations, such as bend- 
ing, drawing, pressing, and spinning, but the work must be done 
hot except for simple operations. Hot working is best done within 
the temperature range of 300 to 750 F? depending on the opera- 
tion, alloy, and condition. The application of some of the forming 
processes involve slight changes from present practices with 
other metals. 


Num- USUAL FORMS GENERAL DATA 


51 Sheet and Strip Maximum formability and 
weldability 
Best combination of forma- 


bility and properties 


510 | Sheet and Strip 


52 Bars, Rods, Shapes, and | General extrusions 
Tubing 

520 | Bars, Rods, Shapes, and | Intermediate strength 
Tubing 

522 | Bars, Rods, Shapes, and | Maximum weldability 
Tubing 

523 | Bars, Rods, Shapes, and | Maximum strength 
Tubing 


53 Forgings 
631 | Forgings . 
532 | Forgings 


Hammer forging 

General press forging 
Press forging, highest 
strength 

Hammer forging, weldable 


633 | Forgings 


The purpose of the low composition limits for nickel and iron 
in the wrought alloys of the magnesium-aluminum-zine type is 
to insure corrosion stability. In the case of the magnesium-man- 
ganese type alloys, the iron and nickel contents are not so critical 
but should be maintained as low as possible. Wrought alloys are 
available in which the iron and nickel are not so closely controlled, 
and such alloys are suitable for applications where resistance to 
corrosion is of secondary importance. 

Extrusion Alloys—Magnesium alloys can be extruded in stand- 
ard shapes, such as angles, channels, and I-beams, and in a wide 
variety of special shapes. Because of the good machinability of 
magnesium alloys, extruded bars make excellent stock for screw- 
machine parts. Extruded bars also are used for stock in the making 
of press or hammer forgings. 

SAE 522 is used for applications requiring maximum weld- 
ability. SAE 52 is used when a good combination of mechanical 
properties and formability is required. SAE 520 is intermediate 
in properties and formability to SAE 52 and SAE 523. SAE 523 
in the heat-treated and aged condition has the highest mechani- 
cal properties. 


Rolled Alloys—Magnesium-alloy sheet is rolled metal up to 
0.249 in. in thickness. Plate is rolled metal 0.250 in. and over in 
thickness. Coiled sheet is available, but the manufacturer should 
be consulted for maximum gages and sizes available. Magnesium 
alloy sheet can be supplied in the hard-rolled or annealed condi- 
tions. Plate is generally supplied in the hot-finished condition. 
Plate may be available in the cold-finished condition, but the 
manufacturer should be consulted on the requirements for sur- 
face, flatness, and physical properties. The physical properties 
of the hot-finished condition may be anywhere between those of 
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the annealed and of the cold-finished conditions but are usually 
similar to the annealed condition. 

Sheet and plate are supplied with either oiled or chrome-pickle 
surface treatment. 

Forgings—Magnesium alloys are available as both hammer 
forgings and press forgings. The stronger alloys are too tender at 
hot-working temperature to stand the shock of hammer forging 
and must be worked slowly under hydraulic presses. They may 
be forged sometimes to advantage by first pressing to shape and 
finishing on the hammer. 

Die equipment built for aluminum-alloy forgings can, in many 
cases, be used without change for producing magnesium-alloy 
hammer forgings. This also applies to small die forgings made by 
pressing. Large press forgings comparable in size to an aircraft 
radial-motor crankcase require special equipment and can usually 
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be supplied only as oversize die forgings. Compared with an 
aluminum forging, magnesium press forgings frequently require 
an extra blocking die. Hammer forgings are generally more readily 
procurable than press forgings. 

Forgings subject to shock, vibration, or repeated stresses must 
be carefully designed and carefully machined to avoid notches, 
sharp corners, tool marks, and other stress raisers. Minimum 
machining radius is 0.040 in., and all sharp corners and feather 
edges must be broken. Magnesium-alloy forgings may have marked 
directional properties, especially with regard to yield strength in 
tension and in compression. For this reason it is advisable for 
the user to consult with the manufacturer on the design of forg- 
ings. 

Magnesium-alloy forgings are normally supplied with a chrome- 
pickle surface treatment. 


SAE Standard 


Report of Nonferrous Metals Division approved January 1940 and last revised by Nonferrous Metals Technical Committee January 1951. 


TABLE 1—Compositions*® of Magnesium Casting Alloys 


ELEMENTS, % 

SAE ao. Mini- Maxi- | Maxi | Maxi- 
Al mum Zn mum mum | mum 

Mn Si Cu Ni 

50 5.3-6.7 0.15 2.5-3.5 0.3 | 0.25 | 0.01 
500 8.3-9.7 0.10 1.6-2.4 0.3 | 0.25 | 0.01 
501 8.3-9.7 0.138 0.4-1.0 0.5 | 0.10 | 0.01 
501A 8.3-9.7 0.13 0.4-1.0 025 | 0.30.) 0-01 
602 9.3-10.7 | 0.10 0.3 max 0.3 | 0.10 | 0.01 
503 8.3-9.7 0.10 1.6-2.4 0.3 | 0.25 | 0.01 


® Other elements than those shown total 0.3% maximum. Magnesium is remainder 


SAE 50 and 500—(Sand Castings) 


General Data—SAE 50 is used for most commercial applica- 
tions. SAE 500 is used particularly where maximum pressure 
tightness is required. For application in which the temperature 
is above 150 to 200 F, the heat-treated and aged condition is 
used to minimize growth. The properties of SAE 500 are such 
that it is most advantageously used in the heat-treated and aged 
condition. 

Similar Specifications—SAE 50 is similar to ASTM B 80, 
Alloy AZ63; and to AMS 4420, 4422, and 4424. SAE 500 is simi- 


lar to ASTM B 80, Alloy AZ92; and to AMS 4430 and 4434. 


Nominal Composition 


Physical Properties—The minimum properties shall be as 
follows: 


SAE 50 SAE 500 

As Cast 

Tensile strength, psi.... 24,000 20,000 

Elongation in 2 in., %.. 4 — 
Heat-Treated 

Tensile strength, psi.... 34,000 34,000 

Elongation in 2 in., %.. 7 6 
Heat-Treated and Aged 

Tensile strength, psi. .. 34,000 34,000 

Yield strength, psi..... 16,000 18 ,000 

Elongation in 2 in., %.. 3 1 


SAE 501 and 501A—(Die Castings) 


General Data—The applications for magnesium-alloy die east- 
ings in the aircraft, automobile, and other automotive industries 
are numerous and varied. Rocker-box covers, shroud-tube fittings, 


instrument parts, generator and starter-motor parts, and hous- 
| ings of various kinds are examples of some applications. For most 
| applications, these alloys may be considered equivalent, with 
alloy SAE 501A somewhat less costly and more readily available. 
Alloy SAE 501 shows somewhat better resistance to corrosion by 
salt water. 

Similar Specifications—SAE 501 and 501A are similar to ASTM 
B 94, Alloy AZ91; and to AMS 4490. 


Nominal Composition 
Physical Properties—The properties shown below are typical 


of separately cast-to-shape die-cast bars. No minimum proper- 
ties are required of die castings. 


Tensile strength, as-cast, psi............:2...00. 33,000 
NAC GESELGN SLE mDSloneny desis veins nis os icale lees ares 22,000 
PONE ALTON MNUCRIN 4/0 ee lacks watered dnagcee daca deans 3 


_ SAE 502 and 503—(Permanent-Mold Castings) 


General Data—The two alloys, SAE 502 and 508, are avail- 
able in the as-cast, the solution heat-treated, and the heat-treated 
and aged conditions. The same general remarks apply for the 
' selection of condition as given under sand castings. 

Similar Specifications—SAE 502 is similar to ASTM B 199, 


ELEMENTS, % 

SAE 
No. Mini- Maxi- | Maxi-| Maxi- | Maxi- Maxi- 
Al mum Zn mum | mum | mum mum Sno mum 
Mn Si Cu Ni Fe Ca 
61 — | 1.2 —_— 0.3 | 0.05} 0.01 —_ — | 0.3 
§10 |2.5-3.5) 0.2 |0.6-1.4 | 0.3 | 0.05)0.005; 0.005} — | 0.3 
52 |2.5-3.5) 0.2 |0.6-1.4 | 0.3 | 0.05) 0.005) 0.005) — — 
520 |5.8-7.2) 0.15/0.4-1.5 | 0.3 | 0.05) 0.005) 0.005; — _ 
522 — | 1.2 — 0.3 | 0.05) 0.01 | — — | 0.3 
623 7.8-9.2) 0.12)/0.2-0.8 | 0.3 | 0.05) 0.005) 0.005} — —_ 
58 (|3.0-4.0| 0.2 |0.3 max| 0.3 | 0.05) 0.03 | — |4.0-6.0| — 
631 |5.8-7.2) 0.15/0.4-1.5 | 0.3 | 0.05) 0.005) 0.005, — _ 
_ 532 |7.8-9.2) 0.12/0.2-0.8 | 0.3 | 0.05) 0.005} 0.005) — — 
633 — 1.2 — 0.3 | 0.05) 0.01 = — | 0.3 


® Other elements than those shown total 0.8% maximum. Magnesium is remainder: 


SAE 51 and 510—(Sheet Alloys) 


General Data—SAE 51 is used in the annealed temper for 
applications requiring maximum formability, such as aircraft 
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Alloy A10, SAE 503 is similar to ASTM B 199, Alloy AZ92; and 
to AMS 4484. 


Nominal Composition 


SAE 502 SAE 503 
ANIM Tae a se clea coe 10.0 9.0 
VEN OSEE CR, oS ree mele giaie RAO — 2.0 


Physical Properties—Test specimens separately cast in per- 
manent mold and tested without machining after having been 
subjected to the same heat-treatment as the castings shall have 
the following minimum properties: 


SAE 502 SAE 503 

As Cast 

Tensile strength, psi.... 20,000 20,000 
Heat-Treated 

Tensile strength, psi.... 34,000 34,000 

Elongation in 2 in., %.. 6 6 
Heat-Treated and Aged 

Tensile strength, psi.... 34,000 34,000 

Yield strength, psi...... 17,000 18,000 


SAE Standard 


tanks and wheel fairings. It can be readily welded. SAE 510 is 
used where a combination of good physical properties and best 
cold-forming characteristics are required. The welding charac- 
teristics are inferior to SAE 51. Where salt-water resistance is 
not required in this material, the iron and nickel may be held at 
higher limits. 

Similar Specifications—SAE 51 is similar to ASTM B 90, 
Alloy M1; and to AMS 4370. SAE 510 is similar to ASTM B 90, 
Alloy AZ31X; and to AMS 4375. 


Nominal Composition 


SAE 51 SAE 510 
FAV UTA Is. Sends tkels tie a out —— 3.0 
TRORGES atte Sot REO EE LE OO 1.0 
Manganeseme eh cin ce = 1.5 — 


Physical Properties—The minimum properties required for 
SAE 51 and 510 apply to hard-rolled and annealed sheet from 
0.020-in. to 0.249-in. thick. The physical properties of the hot- 
finished condition may be anywhere between those of the an- 
nealed and cold-finished conditions but are usually similar to the 
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annealed condition. Tests are not required for sheet, strip, and 
plate thinner or thicker than this. 


SAE 51 SAE 510 

Cold Finished 

Tensile strength, psi.... 32,000 39,000 

Yield strength, psi...... 22,000 29,000 

Elongation in 2 in., %.. 3 4 
Annealed 

Tensile strength, psi, 

MAXIMUM es eee 38 ,000 40,000 

Elongation in 2 in., %.. 12 12 


The-properties are to be determined on specimens cut parallel 
with the longitudinal direction or the direction of rolling. 


SAE 52, 520, 522, and 523—(Extrusion Alloys) 


General Data—SAE 52 is used when a good combination of 
physical properties and formability is required. SAE 520 has 
good strength. SAE 522 is used for applications requiring maxi- 
mum weldability. SAE 523 in the heat-treated and aged condition 
has the highest strength. 

Similar Specifications—SAE 52 is similar to ASTM B 107, 
Alloy AZ31X; and to ASTM B 217, Alloy AZ31X. SAE 520 is 
similar to ASTM B 107, Alloy AZ61X; to ASTM B 217, Alloy 
AZ61X; and to AMS 4350. SAE 522 is similar to ASTM B 107, 


Nominal Composition 


SAE52 | SAE520 | SAE 522 | SAE 523 
AMMmMAnGiMien. fos. ne 3.0 6.5 — 8.5 
AVI C Hey rece ee ae ; 1.0 1.6 — 0.5 
Manganese... ..2.¢..5-- — — 1.5 — 


TABLE 1—Minimum Properties of SAE 52, 520, 522, and 523 


SAE 52 |SAE 520/SAE 522/SAE 523) SAE | SAE 


5237 | 523° 
EXTRUDED BARS AND STRUCTURAL 
SHAPES, DIAM. OR THICK. 
0.249 in. and under 
Tensile strength, psi|33 ,000/38 ,000/30,000/43 ,000/ — |47,000 
Yield strength, psi../20,000/20,000/ — |28,000; — (30,000 
Elongation in 2 in.,| 7 8 2 9 — 4 


0.250 to 1.499 in. 
Tensile strength, psi/32,000|39 ,000|30 , 000/43 , 000/45 , 000/47 ,000 


Yield strength, psi.|20,000/24,000/ — |28,000/30,000|32,000 
Elongation in 2 in., 

oe aes ee 7 9 3 8 5 3 

1.600 to 2.499 in. 

Tensile strength, psi/32,000|/39,000/30, 000/43 ,000} — {47,000 
Yield strength, psi .|20,000/24,000; — |28,000) — (32,000 
Elongation in 2 in., 

s/t RD & pit eB 7 9 2 6 — 2 

TUBING 


Tensile strength, psi/34,000|36 ,000|28,000, — = a 
Yield strength, psi. .|16,000/16,000} — — = = 
Elongation in 2 in., 
bartels ale 8 7 


p Extruded and aged. 
Heat-treated and aged. 


Alloy M1; and to ASTM B 217, Alloy M1. SAE 523 is similar to 
ASTM B 107, Alloy AZ80X; and to ASTM B 217, Alloy AZ80X. 

Physical Properties—Minimum properties are shown in Table 
1. Hollow shapes are subject to the physical properties of tubing 
but to the dimensional tolerances of shapes. The manufacturer 
should be consulted on allowables for some unusual shapes which 
cannot be produced to the above specifications. 


SAE 53, 531, 532, and 533—(Forging Alloys) 


General Data—Two hammer forging alloys are available in 
SAE 53 and 533. The former has somewhat better physical 
properties, but the latter may be readily welded. SAE 533 may 
also be press forged. Hammer forgings are normally more eco- 
nomical than press forgings but can only be used for applications 
involving moderate stresses. The press-forging alloys SAE 531 
and 532 are used in applications involving higher stresses. SAE 
532 is stronger than SAE 531, but more difficult to forge, and is 
usually employed only, for comparatively simple forgings re- 
quiring highest physical properties. Both SAE 531 and 582 are 
high-purity-alloys with resistance to salt-water corrosion better 
than that of SAE 53. From the standpoint of economy, SAE 
531 is next choice to SAE 53 or 533. 

Similar Specifications—SAE 53 is similar to ASTM B 91, Alloy 
TA54. SAE 581 is similar to ASTM B 91, Alloy AZ61X; and to 
AMS 4358. SAE 532 is similar to ASTM B 91, Alloy AZ80X; 
and to AMS 4360. SAE 533 is similar to ASTM B 91, Alloy M1. 


Nominal Composition 


SAE 53 SAE 531 SAE 532 SAE 533 
Aamainrenis eee eee, Se 6.5 8.5 -- 
LAOS Ak a RN ce aoe 1.0 0.5 _ 
Manganese............. a — — 1.5 
TEI ee eh eee ee 5.0 — — 


Physical Properties—The properties for forgings are those ob- 
tained from tension-test specimens taken with the longitudinal 
axis parallel to the direction of maximum flow of the metal. In 
the case of forgings, from which specimens cannot be taken in 
thismanner, the test specimen is taken from test coupons separately 
forged from the stock from which the forgings are made. The 
minimum properties shall be as follows: 


| SAE 53 SAE 531 SAE 532 SAE 533 
As-Forged | 
Tensile strength, psi...| 36,000 | 38,000 | 42,000 | 30,000 
Yield strength, psi..... 22,000 | 22,000 | 26,000; 18,000 
Elongation in 2 in., %. 7 6 5 3 


Dimensional Tolerances of Wrought 
Magnesium Alloys 


Tables 1 through 6 list the dimensional tolerances to which 
wrought magnesium-alloy products are commercially produced. 
These tables apply, however, only to those sizes listed by the 
producer as commercial for the alloy being ordered. For sizes 
outside of commercial limits, the tolerances shall be as agreed 
upon by the supplier and purchaser. 


(Continued on next page.) 
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TABLE 1—Thickness Tolerances for Plate, Sheet, and Strip 
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TABLE 4—Cross-Sectional Dimension Tolerances 


THICKNESS, IN. 


TOLERANCE, IN., PLUS AND MINUS 


Under 36 in. wide 


36 in. to 50 in. wide 


0.015-0.036 
0.037-0.050 
0.051-0.080 
0.081-0. 250 
0.251-0.500 
0.501-1.000 


0.002 

0.0025 

0.003 
5% of sheet thickness 
4% of sheet thickness 
3% of sheet thickness 


0.0025 

0.003 

0.004 
5% of sheet thickness 
4% of sheet thickness 
3% of sheet thickness 


TABLE 2—Width Tolerances for Plate, Sheet, and Strip 


TOLERANCE, IN., PLUS AND MINUS 


THICKNESS, IN. : 
Over 18 in. to 


36rind wide 36 in. to 50 in. wide 


18 in. wide and under 


Hs 0.015-0. 102 Ye %%e 46g 
Ie '0.103-0.250 349 % He 
ie 0.251-0.500 4 540 He 
ter 


-0.501-1.000 A \y MY 


TABLE 3—Length Tolerances for Plate, Sheet, and Strip 


0 ; TOLERANCE, IN., PLUS AND MINUS 

X; ae THICKNESS, IN, ; i x 

L Becta | curke toh: aft im st0:120 jm. | TO ne 
0.015-0.250 Ve 340 4% 50 

= 0.251-0.500 ¥% 549 Ho >) 

: 0.501-1.000 3% 36 | 3 3% 


Tolerance on Wall Thickness of Tubing—The tolerance on the 
| wall thickness will be maintained within plus and minus 10% 
| of the nominal wall thickness with a minimum tolerance of plus 
' and minus 0.010 in. 

if Tolerance on Camber—The bow (or camber) in sections falling 
| within a 114-in. diameter circumscribed circle, and in which the 
| predominant thickness is 3 in. or less, shall not exceed one part 
hi in 240 parts of length (0.050 in. per ft) when the section is lying 
| in such a way that its weight minimizes the bow. For all other 
‘* sections, it shall not exceed one part in 960 parts of length (0.0125 


in. per ft), measured over any 5 ft of length and regardless of 
_ how the section is lying on the inspection table. Material ordered 


DIMENSIONS, IN. 


TOLERANCE, IN., PLUS AND MINUS 
EXTRUDED RODS, BARS, AND SHAPES 


Up 
0.126 
0.501 
1.001 
2.001 
3.001 
4.001 
5.001 
6.001 
7.001 
8.001 
9.001 

10.001 
11.001 


to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 


0.125 
0.500 
1.000 
2.000 
3.000 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 
11.000 
12.000 


0.010 
0.015 
0.020 
0.025 
0.030 
0.035 
0.040 
0.045 
0.050 
0.055 
0.060 
0.065 
0.070 
0.080 


TABLE 5—Permissible Variations in Tubing Diameter 


DIAMETER, IN. 


TOLERANCE, IN., PLUS AND MINUS 


Allowable deviation of mean 
diameter® from specified 
diameter 


Allowable deviation of 
diameter at any point from 
specified diameter 


Up to 0.999 
ood 
2.000 to 3.999 


1.000 to 


4.000 to 5.999 
6.000 to 7.999 
8.000 to 9.999 


0.010 
0.012 
0.015 


0.025 
0.037 
0.045 


0.020 
0.025 
0.030 


0.050 
0.075 
0.100 


® The mean diameter is determined by the average of two measurements taken at 
right angles to each other. F ; 
> Not applicable if the wall thickness is less than 212% of the outside diameter. 


TABLE 6—Length Tolerances for Rods, Bars, Shapes, and Tubing 


TOLERANCE, IN. 


MAXIMUM CROSS-SECTIONAL 
DIMENSION, IN. 


Length, 10 ft and under 


Length, over 10 ft 


Up to 3.0 
Over 3.0 


minus 0, plus 
minus 0, plus 4 


minus 0, plus 44 
minus 0, plus 4 


in random lengths and tubing less than % in. in diameter shall 
be free from kinks and sharp bendsamd shall be reasonably straight, 
but shall not be required to conform to the above tolerances. 
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Zine Die-Casting Alloys 


SAE General Information 


Report of Nonferrous Metals Division approved June 1934 and last revised by Nonferrous Metals Technical Committee January 1950. 


Because of the drastic chilling involved in die casting and the 
fact that the solid solubilities of both aluminum and copper in 
zine change with temperature, these alloys are subject to some 
aging changes, one of which is a dimensional change. All of the 
alloys undergo a slight shrinkage after casting, which at room 
temperature is about two-thirds complete in five weeks. It is 
possible to bring about this shrinkage by a stabilizing anneal, 
and in the case of SAE 903 and 925 in which-no further changes 
occur after the shrinkage, such an anneal can be used to advantage 
in some cases. The recommended stabilizing anneal is 3 to 6 hr 
at 100 C (212 F), or 5 to 10 hr at 85 C (185 F), or 10 to 20 hr at 
70 C (158 F). The time in each case is measured from the time 
at which the castings reach the annealing temperature. The parts 
may be air cooled after annealing. Such a treatment will cause a 
shrinkage (0.0004 in. per in.) of about two thirds of the total, and 
the remaining shrinkage will occur at room temperature during 
the subsequent few weeks. Stabilizing results in a decrease in 
dimensions of about 0.0005 in. per in. from the original size of 
the casting. Stabilizing is, of course, unnecessary if the machining 
or fitting operations can be delayed until the castings have aged 
five weeks at room temperature. 

In SAE 921, the shrinkage is followed by an expansion which 
occurs slowly over a period of several years at room temperature. 
Because this expansion is not affected by a stabilizing anneal, 
there is no advantage in such an anneal for this alloy. 

When exposed to stagnant moisture or condensation with 
limited access to oxygen, a non-uniform type of corrosion may 
occur on zine die castings, which often results in the formation of 
a bulky film of white corrosion products. This may hinder the 
operation of such parts as automobile lock cylinders, fuel pumps, 
and carburetors and in severe cases result in rather rapid loss of 
zinc. Various types of chromate films are available to overcome 
this condition. 

The same electroplating or enamelling procedure is used with 
all three alloys. Organic finishes are quite variable in their ability 
to adhere well to zinc surfaces. The phosphate type of chemical 
pretreatment has received widest commercial utilization, and 
most zine die castings which are to be finished with lacquers or 
enamels are phosphate pretreated. In general, a much wider 
selection of finishes can be used on pretreated die castings. 

The relative merits of the three SAE alloys may be outlined 
as follows: 

SAE 903—When the shrinkage referred to above has been 
removed by normal aging or by a stabilizing anneal, the dynamic 
and dimensional properties of this alloy are permanent at service 
temperatures up to 100 C (212 F). Castings stabilized at elevated 


or at room temperature prior to final machining, assembling, or 
other adjusting of dimensions will permanently maintain such 
dimensions within a tolerance of plus or minus 0.00025 in. per 
in. in the absence of excessive moisture. When exposed to high 
humidity and temperature (as wet steam at atmospheric pressure 
or humid tropical climates), any change of either properties or 
dimensions will be only those resulting from surface corrosion 
analogous to those occurring in any other materials which are not 
totally resistant to oxidation. 

SAE 921—This alloy, used extensively in the past, has been 
replaced largely by SAE 903 and 925 because these alloys possess 
greater permanence of properties and dimensions. While SAE 
921 is outstanding in hardness and tensile strength, it ages with 
an appreciable loss of impact-strength and dimensional stability. 
It is still the-preferred alloy where resistance to abrasion is par- 
ticularly important, as in door-lock striker plates and latches. 

SAE 925—This alloy is somewhat stronger and harder than 
SAE 903. At room temperature, it is equal to SAE 903 in per- 
manence of dimensions and impact strength. At elevated tem- 
peratures it is subject to growth in dimensions and loss of impact 
strength and, in this respect, is inferior to SAE 903. 


Typical Physical Properties in the As-Cast State at Room 


Temperature 
SAE 903 SAE 921 SAE 925 
Tensile Strength, psi..... 41,000 52,000 47,000 
»Impact Strength, ft-lb 

(4% x Win. bar)....... 43 35 47 
Hlongation in 2 in., %....| 10 8 if 
Transverse Deflection, in.| 0.27 0.22 0.16 
Compression Strength, 

ADSL imc eaes ity coer amen 60,000 93 , 000 87,000 
Shearing Strength, psi....| 31,000 46 ,000 38,000 
Electrical Conductivity, 

mhos per cm? at 20 C 

(GSB) erat an os eae oe 157,000 146 , 000 153,000 
Thermal Conductivity, 

cal per sec per cm’ per C| 0.27 0.25 0.26 
Thermal Expansion, in. 

Dperamey per. C. cutee ese 0.0000274 | 0.0000277 | 0.0000274 
Thermal Expansion, per F| 0.0000152 | 0.0000154 | 0.0000152 
Specific Gravity.......... 6.6 6.7 6.7 
Specificshea hs = 6 .s.ncenva 0.10 0.10 0.10 
Brinell Hardness......... 82 100 91 


* Impact strength drops rapidly below 32 F to approximately 4 ft-lb at —4F. _ 


ZINC-ALLOY INGOT AND DIE-CASTING COMPOSITIONS 


Zine-Alloy Ingot and 


Die-Casting Compositions 


SAE Standard 


Report of Nonferrous Metals Division approved June 1934 and last revised by Nonferrous Metals Technical Committee January 1950. 


COMPOSITION,* en eas 

% Ingot Castings Ingot Castings Ingot Castings 
JN stata de cate cementeae 3.9-4.3 3.5-4.3 3.9-4.3 3.5-4.5 3.9-4.3 3.5-4.3 
Cis ra a Sh ee a 0.10 0.10 2.5-2.9 2.5-3.5 0.75-1.25 0.75-1.25 
NI Gace eats ora ea 0.03-0.06 0.03-0.08 0.02-0.05 0.02-0.10 0.03-0.06 0.03-0.08 
laa c cco eee eee 0.075 0.10 0.075 0.10 0.075 0.10 
IRD Peet raminis s iae's ws 0.005 0.007 0.005 0.007 0.005 0.007 
(Oth, 0 Wiis oie eee 0.004 0.005 0.004 0.005 0.004 0.005 
Shit jalnen teen e ore 0.002 0.005 0.002 0.005 0.002 0.005 


® Percentages given are maximum except where indicated as a range. Zinc is remainder. 


Similar Specifications—SAE 903 is similar to AMS 9803. SAE 
903 ingot is similar to ASTM B 240 T, Alloy XXIII; and SAE 
_ 903 casting is similar to ASTM B 86-48, Alloy XXIIT. SAE 921 
ingot is similar to ASTM B 240 T, Alloy XXI; and SAH 921 
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casting is similar to ASTM B 86-48, Alloy XXI. SAE 925 ingot is 
similar to ASTM B 240 T, Alloy XXV; and SAE 925 casting is 
similar to ASTM B 86-48, Alloy XXV. 


SAE General Information 


Report of Nonferrous Metals Division approved January 1946 and last revised by Nonferrous Metals Technical Committee January 1250. 


[This summary is intended to supply information on nickel and 
some of rts nonferrous alloys which have been used in the automo- 
tive industry because of special combinations of chemical, mechani- 
cal, and physical properties not available in other nonferrous alloys 
or in steel. The numerical data describe wrought products princi- 
pally. For standard alloy compositions for heat- and corrosion- 
resistant castings, refer to SAH Standard on Permissible Variations 
from Specified Chemical Ranges and Limits for Steels. 

The average safe working stresses, depending upon creep which 
can be tolerated, range from 5000 to 10,000 psi at 1200 F, 600 to 
2000 psi at 1600 F, and 100 to 300 psi at 2000 F.) 


Nickel—This is commercially pure, malleable nickel. Its aver- 
age nickel content is 99.40%. This includes a few tenths of a per 
cent of cobalt which is counted as nickel, because its effect upon 
the significant properties of nickel is not detrimental. 

Age-Hardenable Nickel—This is an age-hardenable, high- 
nickel alloy in which great strength and hardness are added to 
the high resistance to corrosion that is characteristic of nickel. 
The alloy has desiraLle spring characteristics. 

Nickel- Manganese; Nickel- Manganese-Silicon—These alloys 
contain 4 to 5% manganese and up to 1% silicon but otherwise 


conform chemically to nickel. The manganese imparts resistance 
to attack by sulfur compounds at elevated temperatures, es- 
pecially under oxidizing conditions. The alloys have been adopted 
generally for spark-plug electrodes in internal-combustion en- 
gines. 

70 Nickel—30 Copper—These' alloys have high strength and 
hardness, good resistance to corrosion, and are used extensively 
in industry. The age-hardenable alloy contains approximately 
2.75% of aluminum and is nonmagnetic at temperatures down to 
minus 150 F. Its mechanical properties, particularly in large 
sections, are comparable with those of heat-treated alloy steels. 
The free-machining alloy is suitable for use in automatic screw 
machines, its free-machining characteristics being achieved by a 
sulfur content of approximately 0.035%. 

55 Copper—45 Nickel—These alloys are alloys of the con- 
stantan type and are used extensively with iron or copper as a 
thermoelectric element for temperature measurement and control. 
They are used for resistance purposes at temperatures up to 
930 F and up to 1830 F for thermocouple purposes. 

77 Copper—23 Nickel; 89 Copper—i1 Nickel; 93 Copper—7 
Nickel; 97.5 Copper—2.5 Nickel—These alloys are copper- 
nickel alloys containing decreasing amounts of nickel in the 
order named. The properties which have been exploited in instru- 
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ments and controls are the specific resistance and temperature with a high specific resistance. Uses have been made of it in 

coefficient. These properties are held within very close limits by various panel instruments. 

careful control in melting and fabricating. 50 Nickel—50 Iron—This alloy has definite expansion charac- 
70 Nickel—30 Iron—This alloy has some unique electrical teristics and interesting magnetic properties. 

properties and a high temperature coefficient of resistance along 42 Nickel—58 Iron—This alloy is a low-expansion alloy having 


TABLE 1—Nominal Chemical Compositions 


ELEMENTS, % 
ALLOY GROUPS AND ALLOYS 
Nickel® Copper |Chromium Tron Manganese Silicon Carbon Other 

Nickel 

Niekelioo sate ae ae ee 99.4 0.1 a= 0.15 0.25 0.05 0.05 a 

Age-hardenable nickel.......... 93.7 == = 0.35 0.3 0.5 0.17 4.4 Al 
Nickel-Manganese 

95<Ni=-07 Mine Sas yt ceases 95.2 0.05 — 0.15 4.5 0.05 0.1 — 

95 Ni—4 Mn—I Si.............. 95 — = — 4.0 1.0 0.05 — 
Nickel-Copper 

COLNI==30 Cilio cre. ae.com ree 67 30 — 1.4 1 0.1 0.15 — 

Age-hardenable 70 Ni—30 Cu... 66 29 —— 0.9 0.75 0.5 0.15 2.75 Al 

Free-machining 70 Ni—30 Cu... 67 30 = 1.4 1.0 0.05 0.15 0.035 S 
Copper-Nickel 

Soi CG U——4 HEN pee nlcaee aches wee 43 55 — 0.25 0.5-1.0 — 0.05 — 

eer Niigata ana one aie 23 Tite — — — — — —_— 

SOIC = IN ie skies. sae AA il 89 — — — — — — 

03 OTE Nitiretics ate fA Secreta ana rere i 93 — — _ — _ — 

97 6) CUu=2 BUN. sscghcl aes ee 2.5 97.5 a — _ — — — 
Nickel-Chromium 

94 Ni—3 Mn—2 Al—1 Si........ 94 _ — — 3 1 — 2 Al 

OOPNISJ0' Crickets eee ects 90 — 10 —— —_ — — — 

SOONI=— 20 Crvtvcaiee eee eee Remainder — 20 0. 0.2-2.0° 1.25-1.4 0.06-0.1 — 

WS INI—=20! Ca eae eae eee Remainder — 19-20 3 — — — 3 Al 
Nickel-ilron 

FOUNIT=BOPBiel tate eee sand 70 — — 29 1 0.05 0.05 _ 

5ORNI—“H Ol Bes. .t0k oe eee eee 50 = — 49 0.1 0.05 0.05 — 

AD INE DS! MC io Pe ince see 42 _ — 58 0.1 0.05 0.05 _ 

GINO dehes aa eae colt. Semee et 36 _ — 64 0.1 0.05 0.05 — 
Nickel-Silicon-Copper 

85 Ni—10 Si—4 Cu............. Remainder| 3-5 — _ — 8-10 — — 
Nickel-Molybdenum 

GOpINT=28 MO tas aes a oer Remainder — — 4-7 — — 0.12¢ 26-30 Mo 
Nickel-Molybdenum-Chromium- 

Tungsten 
55 Ni—17 Mo—16 Cr—4 W....... Remainder = 14-17 47 — — 0.15° 15-19 Mo; 
3.5-5.5 W - 

Nickel-Chromium-Iron 

Tl Nad ONC Reta erage. ont ee he 0.2 15 tf 0.25 0.25 0.6 = 

Age-hardenable 73 Ni—15 Cr... 73 _— 15 ff 0.5 0.4 0.04 2.5 Ti; 1 Cb; 

0.9 Al 

68 to 60 Ni—18 to 15 Cr........ 68-60 _ 18-12 | Remainder 0.2-1.35 1.0-1.4 0.06-0.5 _ 

39 to 35 Ni—18 to 15 Cr........ 39-35 — 20-15 | Remainder 0.1-1.2 1.1-1.5 0.05-0.4 — 

12 Ni—<24 Crunn: . aed he tea 12 ~- 24 | Remainder 0.9 1.0 0.3 _— 


}, Ieludes a small amount of cobalt 
Depending upon use. 
° Maximum. 
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the same expansion as that of some common glasses. It is used for 
sealing in glass and for bimetal and other controls at somewhat 
higher temperatures than those for which invar is suitable. 
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36 Nickel—64 Iron—These alloys are known generally as invar 
and have the lowest coefficients of any known alloys. They are 
used extensively for thermostats, precision-instrument parts for 


TABLE 2—Average Physical Constants 


a 
b 39 


to 1 5 
received from maker. 


© 68 to 302 F. 
f 68 to 1600 F. 


b 32 to 932 BF. 


Depends pen chemical composition. 
382 


4 9.000106 when calculated from rise in resistance of metal which has been cooled slowly. 0.000144 when calculated from rise in resistance of metal as received from maker. 


S FICIENT OF BAZOE NOSE MAXI- 
ae aeenar Shere See GunvEranue'o MAGNETIC PROPERTIES MUM 
CON- IN./IN./F eee leueEk MTURE ELECTRICAL RESISTIVITY en 
DEN: ae, = HEAT TEM- 
ALLOY GROUPS AND SITY, | MELTING | “39 to’ 32 TO PERA- 
ALLOYS ie POINT, F 212 F, wy EG, fies TURE 
: BTU/ m8/) micro- Condition EES NT 
rr/ | 32 to 212 F | 32 to 1932 F | ©8/F cir. | pin 68 to 212 F, | 68 to 1832 F, es temper- | (suL- 
“4 mu cu pa per F per F lbs apes pda aR 
IN. F 
Nickel 
Nickel 0.321 |2615-2635) 420 |0.0000072 — Osts ST 9.5} 0.0024 — magnetic 680 |1900i 
pe nerdsnable 0.316 |2615-2635) 420 |0.0000072 — 0.13 94.5] 15.7; 0.002 — magnetic 555-570) — 
nicke 
Nickel-Manganese 
95 Ni—5 Mn 0.317 2600} 335 |0.0000074 —_ 0.13 |110 18.3} 0.002 —_ magnetic 555-560)1650 i 
95 Ni—4 Mn—1 Si (0.315 2600} 266 |0.0000076 |0.0000095 |0.092 |150 25 | 0.00139 — magnetic — 11380: 
Nickel-Copper 
70 Ni—30 Cu 0.319 |2370-2460| 180 |0.0000078 |0.0000089 |0.13 |290 | 48.2) 0.0011 —_ slightly mag- |110-140/1000 : 
netic 
pene 70 |0.306 |2400-2460} 130 |0.0000078 |0.0000089 |0.13 (350 | 58.1} 0.0001 — nonmagnetic | —150 | — 
im u 
Free-machining 70 |0.319 |2370-2460} 180 |0.0000078 —_— 0.13 |290 | 48.2} 0.0011 — slightly mag- |110-140| — 
Ni—30 Cu netic 
Copper-Nickel 
55 Cu—45 Ni 0.320 2210} 159 |0.0000082 |0.0000104 |0.094 |294 49 | 0.00001 — nonmagnetic — /|1830* 
77 Cu—23 Ni 0.321 2085} 232 |0.0000074 |0.0000097%/0.092 |180 | 30 | 0.0001 — nonmagnetic —_ 2123 
89 Cu—11 Ni 0.321 2010} 267 |0.0000097 en 0.092 | 90 15 | 0.00025 nonmagnetic — 212: 
93 Cu—7 Ni 0.321 2010} 261 |0.00001 0.00001 (0.092 | 60 10 | 0.00089 — nonmagnetic _— 212: 
97.5 Cu—2.5 Ni 0.321 2010) 262 |0.0000085 Ss 0.092 | 30 5 | 0.0006 — nonmagnetic — 2123 
Nickel-Chromium 2 
74 Ni—20 Cr 0.292 2550) 99 |0.0000055 — 0.104 |800 |133 | 0.000011 | 0.000013¢  |slightly mag- =— 302 
netic 
94 SEE Mn—2 Al—|0.311 2515} 206 |0.000012 —_— 0.125 |177 29.4 _ 0.0014 nonmagnetic — |2300 
1 Si 
90 Ni—10 Cr 0.315 2600} 133 |0.000013 — 0.107 |425 | 70.6 = 0.00032! /nonmagnetic — {2300 
80 Ni—20 Cr 0.304 2550} 104 |0.0000066-|0.0000095-|0.104-|650 |108 | 0.000072°) 0.000013 /nonmagnetic — 2100 
0 .0000076 4/0 .0000098 +/0 . 1072 
Nickel-Iron 
70 Ni—30 Fe 0.305 2597 64 |0.0000069 |0.00000838 |0.125 |120 20 | 0.0028 0.0031" magnetic 930 
50 Ni—50 Fe 0.298 2600) 104 |0.0000052 |0.0000072 |0.115 |260 | 48 | 0.0017 0.001 magnetic — 9753 
42 Ni—58 Fe 0.293 2600) 93 |0.0000027 |0.0000072>|0.119 |400 | 67 | 0.0012 0.00052 magnetic = 705 3 
36 Ni—64 Fe 0.292 2600 76 |0.0000004 |0.000008 {0.123 |484 | 80 | 0.00075 = magnetic — 3903 
Nickel-Silicon 
85 Ni—10 Si—4 Cu |0.282 2375) 145 |0.000011 |0.0000181 |0.109 [680 113 = 0 nonmagnetic — — 
Nickel-Molybdenum 
65 Ni—28 Mo 0.384 |2410-2460) 78.5 |0.0000113 |0.0000153 |0.091 |812 {1385 — 0 slightly mag- —_ — 
netic 
Nickel-Molybdenum 
-Chromium- 
Tungsten 
5 Ni—17 Mo—16 0.323 |2320-2380) 87 |0.00001 0.0000146 |0.092 |800 |133 = = slightly mag- — — 
Cr—4 W netic 
Nickel-Chromium- ] 
Iron 
77 Ni—15 Cr 0.307 |2540-2600) 104 |0.0000064 0.000009 0.11 |590 | 98.2 = a nonmagnetic —40 |2000 3 
sere eeble 73 |0.3 |2540-2600) 102 |0.0000076 |0.0000095 [0.11 |734 {122 = == nonmagnetic | —280 |1500 
i—15 Cr 
68 to 60 Ni—18 to |0.296-/2450-2550| 94-97|0 .0000062-|0.000008— |0.106-/660- |110— | 0.000094-/ 0.00006—- _jnonmagnetic —  |1700- 
15 Cr 0.310 0.00000762/0.00001* |0.1082/6752 |112* | 0.000192-4) 0.000108» i 19504 
39 to 85 Ni—18 to |0.287-|2510-2560| 90-94/0 .0000074—|0 .0000097-|0.107—/600— |100— | 0.00022 | 0.00014— slightly mag- — {1400- 
15 Cr 0.291 0.0000077 *|0.000017 |0.1181610* |1024 0.000152 netic-non- 21008 
magnetic® : 
12 Ni—24 Cr 0.280 2550] 102 {0.000008 |0.0000097 |0.118 |510 | 85 = — nonmagnetic — {20003 


© 0.0000485 when calculated from rise in resistance of metal which has been cooled slowly; see ASTM B 82 and B 83. 0.000121 when calculated from rise in resistance of metal 88 


€ 0.0000121 when calculated from rise in resistance of metal which has been cooled slowly. 0.000047 when calculated from rise in resistance of metal as received from maker. 


3 0.0000625 when calculated from rise in resistance of metal which has been cooled slowly. 0.000085 when calculated from rise in resistance of metal as received from maker. 
? Not suitable for use as electrical heating material. ’ a 
Thermocouple use only at this temperature; 930 F for an electrical heating material. 
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aeronautical use, for struts in aluminum pistons, and other ap- 
plications utilizing their lack of expansion. 

80 Nickel—20 Chromium—This alloy is an iron-free, non- 
magnetic alloy developed especially to give maximum life as 
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electrical heating elements which are expected to stand up under 
the most adverse conditions up to surface temperatures of 2100 
F. Its exceptional resistance to oxidation at elevated tempera- 
tures, high electrical resistivity, low temperature coefficient of 


TABLE 3—Ranges of Mechanical Properties 


HARDNESS MODU- arte neh IMPACT, FT-LB 
YIELD STRENGTH TENSILE ELONGA-| REDUC- LUS OF Tarr 
ALLOY GROUPS AND ALLOYS AVAILABLE FORMS® reese: er coe ao o% oe % : Beas 108 
; eT Baik | Rockwell HO sr ee eee aay 
Nickel 
Nickel A,B,C,D,E,F,G|} 15-155 60-165 50-2 | 75-50) 90-230 | 40B-100B | 30 | 23-36; 120 |222-195 
Age-hardenable nickel A,C,E 30-150 90-250 |50-2 | 65-15) 140-380 | 75B-46C 30 | 52-59) 120-25)/240-36 
Nickel-Manganese 
95 Ni—5 Mn A,C,E 25-125 75-140. |50-2 | 75-60} 110-230 | 60B-100B | 30 _ — _ 
95 Ni—4 Mn—1 Si A,B,C,E 35-160 70-175 |35-0.5| 75-50 _ 80B-15€ a= == = = 
94 Ni—3 Mn—2 Al—1 Si C — 85-170 | — = = — a — => _ 
Nickel-Copper 
70 Ni—30 Cu A,B,C,D,E,F,G| 25-160>:° 70-170 |50-2 | 75-50) 110-250 | 60B-23C 26 | 30-50) 120-75|/220-150 
Age-hardenab le 70 Ni—30 Cu | A,B,C,E,F 40-175»»4 90-200 45-2 | 70-25} 140-320 | 75B-40C 26 | 41-59! 120-26)170-42 
Free-machining 70 Ni—80 Cu | A,C 25-130 70-140 \50-4 | 70-50} 110-230 | 60B-100B | 26 | 28-41) 120-96/196-140 
Copper-Nickel 
55 Cu—45 Ni A,B,C,E 30-120 60-135 |45-0.5| 70-25 — 50B-93B — oa — — 
77 Cu—23 Ni A,B,C,E 20-70 40-80 (55-2 | 75-50 — 50B-85B — — — —_— 
89 Cu—11 Ni A,B,C,E 20-70 40-80 |55-2 | 75-50 — 50B-85B _ — — — 
93 Cu—7 Ni A,B,C,E 20-70 40-80 (55-2 | 75-50 — 50B-85B — — — _ 
97.5 Cu—2.5 Ni A,B,C,E 20-70 40-80 |55-2 | 75-50 — 50B-85B —_— — —_— = 
Nickel-Chromium 
90 Ni—10 Cr C — 95-165 | — = —_— — — — i — 
80 Ni—20 Cr A,B,C,D,E,F,G| 50-190 100-200 |35-0.5| 70-40) 150-320 | 85B-30C 31 — a — 
Nickel-Iron 
70 Ni—30 Fe A,B,C,E 35-140 70-150 |35-0.5} 60-30 — 58B-93B — — — —_ 
50 Ni—50 Fe A,B,C,E 35-140 70-150 |35-0.5} 60-30 — 58B-93B — — — — 
42 Ni—58 Fe A,B,C,E 35-140 70-150 |35-0.5) 60-30 = 58B-93B — — — — 
36 Ni—64 Fe A,B,C,E 35-140 70-150 |85-0.5} 60-30 — 58B-93B —_ _ _ — 
Nickel-Chromium-Iron 
77 Ni—15 Cr A,B,C,D,E,F,G| 25-175 80-185 |50-2 | 70-40} 120-290 | 65B-30C 31 | 41-60) 120-70)/230-151 
Age-hardenable 73 Ni—15 Cr | A,B,C,D,E,F,G| 50-240 110-275 |45-2 | 60-30) 200-500 | 93B-47C 31 | 45-65} 40 — 
68 to 60 Ni—18 to 15 Cr A,B,C,D,E,F,G| 40-160 80-175 |35-0.5| 70-40} 120-250 | 83B-24C 31 —_— —_ — 
39 to 35 Ni—18 to 15 Cr A,B,C,D fo ,F,G| 30-140 70-150 |35-0.5) 70-25) 110-260 | 80B-18C 31 — — = 
12 Ni—24 Cr A.C.D.EF,G 30-50 60-90 |22-1 | 85-25) 140-240 — = —= = = 
74 Ni—20 Cr C 50-90 130-180/35-0.5| 70-40 — — — — — _— 
Nickel-Silicon 
85 Ni—10 Si—4 Cu G — 105-125 1 — — 46C-49C ao — —_ —_— 
Nickel-Molybdenum 
65 Ni—28 Mo A,B,C,D,E,F,G] 56-68 130-140 |55-35 | 50-30) 155-215 | 92B-21C 31 — | 78-68 | 62-58 
Nickel-Molybdenum-Chro- 
mium-Tungsten 
55 Ni—17 Mo—16 Cr—4 W A,B,C,D,E,F,G| 52-63 125-140 |48-20 | 54-20) 175-215 | 92B-22C | 28.5| — | 40-30 | 23-21 
® A—Rods and bars, over } in, diameter ; E—Strip 
B—Forgings F—Tubing 
C—Wire, dacs diameter maximum G—Castings 


D—Shee 
> Rods a bars. 


3 Yield strength 0.01% offset (proof stress) = 20, 000-95,000 psi. 
4 Yield strength 0.01% offset (proof stress) = 70, (000-125, 000 psi. 


i) | 


{) 
14) 


resistance, high tensile strength at temperature, and resistance 
to chemical corrosion have given it a wide variety of applica- 
tions. 

74 Nickel—20 Chromium—This is a special alloy containing 
approximately 3% of each of iron and aluminum to give a low 
and uniform coefficient of electrical resistance at temperatures 
up to 302 F. 

90 Nickel—10 Chromium; 94 Nickel—3 Manganese—2 Alu- 
minum—1 Silicon—These alloys are the positive and negative 
elements, respectively, in standard chromel-alumel thermo- 
couples. 

77 Nickel—15 Chromium—This alloy has good resistance to a 


CORROSION-, HEAT-, AND ELECTRICAL-RESISTANCE ALLOYS 


217 


great variety of corrosive media, to scaling, and to intercrystalline 
attack at elevated temperatures. It is used extensively for heat- 
treating, nitriding, and carburizing fixtures. 

Age-Hardenable 73 Nickel—15 Chromium—This is an age- 
hardenable, nickel-chromium alloy which was developed to have 
maximum strength and resistance to oxidation at temperatures 
of 1200 to 1500 F for use as parts of gas turbines and heat engines. 
The alloy has desirable spring characteristics at temperatures 
up to 1000 F. 

68 to 60 Nickel—18 to 15 Chromium—These alloys are used 
widely in cast forms for heat-treating, carburizing, and nitriding 
containers and fixtures, as well as furnace parts. In the wrought 


TABLE 4—Available Specifications 


ALLOY GROUPS AND ALLOYS ASTM FEDERAL U. S. NAVY paar tn paces RCAT, AMS ASME 
Nickel 
INES ao bh Rae a ene ae ee a B 160 — — ~~ — SB160 
. B 161 = — — -- SB161 
B 162 ee = a ze SB162 
B 163 = = = — SB163 
Age-hardenable nickel............... _— — sas aS = mi 
|| Nickel-Manganese 2 
ODEN = “ORVITae ss aie cee a neath. — = — an gad cL 
OpUNI==4Vin==E Siro. ict cee eee ys — — — as nas ee 
| Nickel-Copper 
BO NeisO seater dBitios ) i. eel. B 127 QQ-N-281 46M7 — — SB127 
B 163 = 44T38 as _ SB163 
B 164 — — — — SB164 
B 165 = — — _- SB165 
Age-hardenable 70 Ni—30 Cu........ — QQ-N-286 46N5 — a — 
Free-machining 70 Ni—30 Cu........ B 164 QQ-N-281 46M7 _ — SB164 
Copper-Nickel 
GSC an NT oS oc. cee eee = = 17W2 ri ss bah 
ETERS OES. IN Tho i a — _— = a oe he 
SOLCu= MONG ee Micblin bi hs eanl.e. — = us me ee: aM 
CRUTOU a7 PING TS Olty ant Cate eee eee — = = = ams fs 
Sef BF CVU ING ee ee — ee — iss — al 
Nickel-Chromium 
ROMNT— AMO ree see. Es SOT B 82-46 - 17W2 — 5682 — 
Nickel-Iron 
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TABLE 5—Commercial Names* 


ALLOY GROUPS AND ALLOYS 


NAMES 


Nickel-Molybdenum 
65 Ni—28 Mo 
Nickel-Molybdenum- 
Chromium-Tung- 
sten 
55 Ni—17 Mo—16 Cr 
—4W 


Hastelloy B 


Hastelloy C 


ALLOY GROUPS AND ALLOYS NAMES 
Nickel 

Nickel Nickel 

Age-hardenable nickel} Duranickel 
Nickel-Manganese 

95 Ni—5 Mn D Nickel; Mangrid 

95 Ni—4 Mn—I Si R-63; Hoskins No. 667 

94 Ni—3 Mn—2 Al— | Alumel 

1 Si 

Nickel-Copper 

70 Ni—30 Cu Monel 

Age-hardenable K Monel 

70 Ni—30 Cu 
Free-machining R Monel 
70 Ni—30 Cu 

Copper-Nickel 

55 Cu—45 Ni Constantan; Copel; Advance; Cupron; 

Excelsior 

70 Cu—23 Ni Midohm; No. 180 Alloy 

89 Cu—11 Ni 95 Alloy; No. 90 Alloy 

93 Cu—7 Ni Lohm; No. 60 Alloy 

97.5 Cu—2.5 Ni 30 Alloy 
Nickel-Chromium 

90 Ni—10 Cr Chromel P 

80 Ni—20 Cr Alray A; Nichrome V; Chromel A; 

Tophet A 

74 Ni—20 Cr Karma 
Nickel-Iron 

70 Ni—30 Fe Hytemco 

50 Ni—50 Fe 52 Alloy 

42 Ni—58 Fe 42 Alloy 

36 Ni—64 Fe Invar; Nilvar 
Nickel-Silicon 

85 Ni—10 Si—4 Cu Hastelloy D 


Nickel-Chromium-Iron 
77 Ni—15 Cr 
Age-hardenable 

73 Ni—15 Cr 
68 to 60 Ni—18 to 15 | Alray C; B&W 700; B&W 701; BTG; 
Cr Calite N; Chromel C; Empire 60-20; 

Fahralloy No. 5; Fahralloy No. 6; 

Amsco F5; Amsco F6; Fahrite; Fernite 

1; Firarmor A; Firarmor B; Misco HN; 

NIC; Nichroloy; Nichrome; Par 8; 

Premier C; Q Alloy A; Q Alloy B; 

SSS; Standardalloy HR4; Sweetalloy 

21; Thermalloy A; Tophet C; Wehr- 

alloy No. 9; Westeeco No. 5 

39 to 35 Ni—18 to 15 | Alray D; Amsco F1; B&W 1300; Calite 
Cr A; Chromax; Chromel D; Chromel 502; 

Circle L32; Cooper 20; Duraloy; EM 
35-15; Fahralloy F1; Fahrite N1; 
Fernite 2; Midvaloy 17-35; Misco 
Metal; NA-2; NIC; Pyrasteel 20; SSS; 
Sivyer 70; Standardalloy HR3; Sweet- 
alloy 20; Thermalloy B; Thermalloy 
50; Tisco 120; X-B; X-ite; Zorite; 330 
Stainless Steel; 36-N 
X-7; 309 Stainless Steel; Almet 25-12; 
Hoskins No. 670 


Inconel 
Inconel X 


12 Ni—24 Cr 


® This list may not be complete. These alloys may also be commercially obtainable under other names. 


condition, their high resistivity and resistance to oxidation have 
led to uses for both electrical and mechanical purposes, similar to 
the 80 nickel—20 chromium alloy but for milder applications and 
at a lower cost. 

39 to 35 Nickel—18 to 15 Chromium—These alloys are alloys 
of the general type known as 330 stainless steel, and have prop- 
erties similar to those of the higher nickel-content alloys. In 
cast forms, the alloys are used for many industrial furnace parts 
and are dependable for continuous operation at advanced tem- 
peratures and continuous loading, but are not as resistant to 
carbon penetration and to oxidation as the alloys with higher 
nickel contents. In wrought forms, they are useful as a heating 
element up to surface temperatures as high as 1400 F. 

12 Nickel—24 Chromium—This alloy is known generally as 
309 stainless steel and is used extensively for heat-resisting ap- 
plications in sulfur-containing furnace atmospheres. “Because of 


certain limiting factors, it is not recommended for general utility 
as a heat-resisting alloy in sulfur-free atmospheres. 


85 Nickel—10 Silicon—4 Copper—This alloy has high hardness 
and good resistance to abrasion and is used for handling corrosive 
liquids containing suspended abrasive matter. 


65 Nickel—28 Molybdenum—This is a chromium-free alloy 
which is used for heat-exchanger units for heating or cooling 
corrosive media, and for gas turbine applications, bolting, shaft- 
ing, and similar items subject to high stresses at temperatures 
up to 1400 F in oxidizing atmospheres and to higher temperatures 
in reducing atmospheres. 


55 Nickel—17 Molybdenum—i16 Chromium—4 Tungsten— 
This heat-resisting alloy is used for combustion cups for diesel 
engines and for a wide variety of purposes involving resistance to 
corrosion and thermal shock at temperatures up to 1800 F. 


| 
j 
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SAE General Information 


sie of Nonferrous Metals Technical Committee approved February 1947 and last revised by Nonferrous Metals Technical Committee January 


The choice of the material to.use for main and connecting-rod 
bearings depends upon a number of factors among which are 
fatigue resistance, corrosion resistance, conformability, embed- 
ability, wear resistance, and abrading tendency. 

Relative importance of the above factors will depend on each 
particular application. The resistance to fatigue of bearmg ma- 
terials depends to a great extent upon the design of the bearing, 
the strength and rigidity of the supporting structure, the thick- 
ness of the backing metal (steel or bronze), the thickness of the 
bearing material, and the physical properties of the bond between 
the bearing material and the backing. The resistance to corrosion 
depends upon the chemical composition and characteristics of 
both lubricant and bearing alloy, and upon temperature and other 
operating conditions. 

The tin- and lead-base babbitts exhibit a minimum tendency 
to abrade or wear the bearing journal and also are resistant to 
corrosion from organic acid of the type normal to lubricating oil. 
Bearings of SAE 15 should not be subjected to the action of 
break-in oils containing oleic or similar acid. Bearings of any of 
these alloys show the greatest life when used in thicknesses of 


| 0.005 in. or less. 


Bearings of these alloys may be formed by casting in place in 
cylinder blocks or connecting rods. However, to an increasing 
extent the alloys are cast on steel and made into inserts with thin 
coatings of bearing alloys on one or both sides of a steel reinforce- 


' ment. 


Copper-lead bearings are inferior to tin- and lead-base babbitts 
in nonabrasive properties, but when properly made they have 
superior resistance to fatigue. Used as insert bearings, they may 
be made by casting on a formed steel backing or continuous steel 
strip preferably with provision for rapid cooling or chilling from 


the molten condition, or they may be made by sintering the 
powdered metals on a steel strip. Alloying of the copper-lead with 
a small per cent of silver is desirable for some applications. The 
general performance of copper-lead bearings when used under 
extreme service conditions may be improved by plating the 
bearings with a corrosion-resistant coating of lead-tin or other 
suitable alloy up to 0.002 in. thickness. 

Cadmium alloy bearings may approach the tin- and lead-base 
babbitts in non-scoring and non-wearing characteristics and the 
copper-lead bearings in resistance to fatigue. Cadmium bearings 
are subject to corrosive attack by oils containing fatty oil or 
acid additives or which develop acids in operation if the oils are 
used at sufficiently elevated temperatures. Plating cadmium 
bearings with indium has given considerable protection from cor- 
rosion. 

Composite bearings consisting of thin lead-babbitt coatings on 
a matrix of copper and nickel powders sintered to a steel backing 
show very desirable characteristics as regards resistance to both 
fatigue and corrosion. 

Bearings made of pure silver on a steel backing, plated with 
lead and indium or lead and tin, have been used for very heavy- 
duty service where the high cost is warranted. For bearings 
of this type, see AMS 4815. 

Bearings for lighter duty, including split and solid bushings, 
may be made from a number of alloys depending upon design and 
operating conditions. Rolled split bushings aremade from wrought 
alloys having suitable bearing and fabricating properties. Com- 
site bearings and bushings are made by casting or sintering a 
bearing alloy onto a suitable backing material, usually steel SAK 
1010 or 1015. Hardness may be controlled by rolling and anneal. 
ing practices. 
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e e 
Babbitt Bearing Alloys SAE Standard 
Report of Nonferrous Metals Division approved June 1911 and last revised by Nonferrous Metals Technical Committee January 1950. 
SAE 10 SAE 11 SAE 128 SAE 13 SAE 14 SAE 15 
Similar Specifications | ASTM B 23, Alloy 1 ASTM B 23, Alloy 2 ASTM B 23, Alloy7 | ASTM B 23, Alloy 15 
Composition,” % Bearing Ingot Bearing Ingot Bearing Ingot Bearing Ingot Bearing Ingot Bearing Ingot 
Sn, minimum..... 90.0 90.75 86.0 87.25 88.25 89.0 5.0- 5.5- 9 .25- 9.75- 0.9 1.0- 
7.0 6.5 10.75 10.25 1.25 1.25 
1S] Sect Seles es eRe 4.0- 4.25- 6.0- 6.5- 7.0- 7 .25- 9.05- 9.5- 14.0- 14.75- 14.00- 14.75- 
5.0 4.75 7.5 (fad) 8.0 7.75 11.0 10.5 16.0 15.25 15.50 15.25 
Pee ee Mea 0.50 0.35 0.50 0.35 0.50 0.35 Remainder Remainder Remainder 
Cuneta 4.0- 4,25- 5.0- 5.5- 3.0- 3.0- 0.50 0.25 0.50 0.50 0.50 0.50 
5.0 4.75 6.5 6.0 4.0 3.5 
Hes siiig oan ea 0.08 0.08 0.08 0.08 0.08 0.08 — aad — — _ — 
HABE tte Se ciaseetath 0.10 0.10 0.10 0.10 0.10 0.10 0.25 0.20 0.60 0.60 0.80- 0.90- 
: ie 1.10 
Baan Diese MeO oes 0.08 0.08 0.08 0.08 0.08 0.08 — — at —_ — — 
TE RA ith Meepak 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005- 0.005 0.005 0.005 0.005 
PAU Oe ener rere er 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 
Other elements, 
bOUaL ener dee 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 


® Formerly SAE 110. 

D All values not given as ranges are maximum except as shown otherwise. ; 

In checking bearings to the specifications given, analyses shall be made on samples taken between the bearing surface and a point midway between the bearing surface and the 
metal backing. Analyses shall regularly be made only for the elements specifically mentioned in the table. If, however, the presence of other elements is suspected or indicated in 
the course of routine analysis, further analyses shall be made to determine that the total of these otherelementsis not in excess of the limits specified. 

° Defined as 0.005% in a 10 gm sample. 


Main and Connecting-Rod Bearing Alloys SAE Standard 
Report of Nonferrous Metals Division approved January 1939 and last revised by Nonferrous Metals Technical Committee January 1951. 
Silver Bearing Alloys—For information on silver bearings, see Copper-Lead Bearing Alloys—-All values for compositions of 
SAE General Information on Bearing and Bushing Alloys. SAE 48, 480, and 49 not given as ranges are maximum. A cor- 
rosion-resistant overlay may be used with alloys SAE 48 and 480, 
Cadmium Bearing Alloys—All values for compositions of SAE and is recommended for alloy SAE 49. SAE 48 is similar to AMS 
18 and 180 not given as ranges are maximum except as shown 4820. 
otherwise. 
COMPOSITION, % SAE 48 SAE 486 SAE 49 
COMPOSITION, 7% SAE 18 SAE 180 Cud Sais re eee ee 67.0-74.0 | 60.0-70.0 | 73.0-79.0 
ue Phi -eyy Nera ee 25.0-32.0 | 30.0-40.0 | 21.0-27.0 
Cd PODIUM eee eceieiee olore 98.4 98.25 Aap to eee ee oe 1.5 1.5 = 
Nis Oe, eee 1.0-1.6 0.25 PRAT siihulh Me riers a 0.1 aa = 
1 Re Ae ae. Sok, Peek OM pee ho 0.01 0.5-1.0 Pic ie ee 0.025 ae at 
(OTe ie vee ear can SIO ie Pie 0.20 0.4-0.75 Be cae eee 0.35 0.35 0.35 
SOE ra tce Wor ae ehh oe eee tee 0.02 0.02 Sik co eee ee 0.25 0.50 0.50 
EDS cig avec dicen alae 0.05 0.05 Otherelements.......0- 0.15 0.3 0.45 
CAL GER PRO SNR frscec oN te: 0.15 0.15 
BIER, -.o asenaseen ena eee 0.02 0.02 


(Continued on next page.) 


ie 


Miscellaneous Copper-Base Alloys—SAE 791 and 795 are 


| rolled or wrought and may be indented or graphited or both. 


SAE 792, 793, and 794 are cast linings or cast and rolled linings 


| on steel back with a maximum 0.25% antimony to prevent rolling 
| difficulties. SAE 797, 798, and 799 are linings of powdered metal 


| sintered to a steel back. All values for compositions of these al- 
| loys not given as ranges are maximum except as shown otherwise. 


‘Sintered Metal Powder Bearings 


| [Sintered metal powder bearings are often used where self-lubrica- 


| tion, low coefficient of friction, accurate dimensions, and simplicity 
of installation without much machining are definite advantages. 
| Automotive applications include pedal bushings; clutch pilot bear- 
ings; clutch throw-out bearings; water-pump, generator, distributor, 
| ‘ windshield wiper, steering gear, and transmission thrust washers. 


General industrial applications include motors, conveyors, farm 
implements, textile machinery, refrigerators, vacuum cleaners, wash- 


|| ing machines, machine tools, and railroad equipment.] 


Sintered metal powder bearings, oil impregnated, are available 

| in the following types and classes: 

Type I, Bronze Base—Class A, Copper-Tin; Class B, Copper- 
Lead-Tin 

Type II, Iron Base—Class A, Iron-Carbon; Class B, Iron- 
Copper 


TABLE 1—Chemical Compositions 


~ TYPE L TYPE II 
ELEMENTS 
Class A Class B Class A Class B 

_ Copper Re et 87.5-90.5|82.6-88.5]  — 5.0-30.0 
Tron, minimum....... — _ 95.0 | Remainder? 
Tin Meee. ..| 9.5-10.5] 9.5-10.5 — — 
ERAS — 2.0-4.0 _- — 
Zine, mMaximum....... — 0.75 — — 
| Nickel, maximum..... — 0.35 — = 

| Antimony, maximum. — 0.25 _ — 
Mearbon®../.0.0....... 1.5 max | 1.5 max | 0.5-2.0 _ 

| Total other elements, 

me maximum. .. ..2..20)-.0.5 0.5 “3.0 3.0 


* Commonly graphite. Up to 144% maximum of another type of solid lubricant 
pnay, be substituted when barnoraed by purchaser. 
© Total iron plus copper shall be 97% minimum. 
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SAE 791 SAE 792 SAE 1793 SAE 794 SAE 795 
Rolled or Cast Cast Cast Rolled or 
COMPOSITION, Wrought Lining Lining Lining Wrought 
% SAE 797 | SAE 798 | SAE 1799 
Sintered Sintered Sintered 
Lining Lining Lining 
Cue aM remainder| 77.0 min. | 83.0 min|68.5-75.5) 88.0-92.0 
Some 3.5-4.5 9.0-11.0 | 3.5-4.5 | 3.0-4.0 | 0.25-0.75 
el Os Meese 3.5-4.5 9.0-11.0 | 7.0-9.0 |21.0-25.0 — 
Tine 1.5-4.0 0.75 4.0 3.0 remainder 
Sbreescce as 0.5 0.5 0.5 — 
INDE == 0.5 0.5 0.5 — 
Heaney! 0.1 0.35 0.35 0.35 0.1 
Other 
elements. 0.2 0.4 0.3 0.4 0.2 


SAE General Information 


| | Report of Nonferrous Metals Division approved January 1939 and last revised by Nonferrous Metals Technical Committee February 1947, 


Chemical Composition—The chemical compositions of these 
sintered metal powder bearings are given, in %, in Table 1. 

Physical Properties—The density requirements of these bear- 
ings are given in Table 2. 


TABLE 2—Density Requirements 


DENSITY, GM PER CU CM 


TYPE CLASS 

Minimum Maximum 
I A 6.4 6.8 
I B 6.5 6.9 
II A 5.7 6.1 
II B 5.8 6.2 


The radial crushing strength shall not be less than the value 
obtained by applying the following formula: 


(KLT?) 


Te yaaa 


where 

D = outside diameter of bearing, in. 

K = strength constant in Table 3 for type specified 

L = bearing length, in. 

P = radial crushing load, lb 

T = wall thickness of bearing, in. 

The radial crushing strength shall be determined from the 
application of a load to the sample by compressing it between two 
flat surfaces, the direction of the load being normal to the longi- 
tudinal axis of the sample. The crushing load is taken at the 
point when the load drops because of the first crack. This test is 
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applied to plain cylindrical bearings. Flanged bearings are tested 
by cutting off the flange and compressing the two sections sep- 
arately. Both sections shall meet the minimum strength require- 
ments as calculated by the formula given above for radial crush- 
ing strength. 


TABLE 3—Strength Constants 


TYPE CLASS STRENGTH CONSTANT, K 
I A,B 22,500 
II A,B 40,000 


The permissible loads on these bearings are given in Table 4 
for velocities up to 200 ft per min. For velocities over 200 ft per 
min, use formula PV = 50,000, where P is the safe load per 
square inch of projected area, and V is the shaft velocity in feet 
per minute. 


TABLE 4—Permissible Loads 


PERMISSIBLE LOADS, 
TYPE I, LB PER SQ IN. 


PERMISSIBLE LOADS, 


TY, FPM 
MALES eos TYPE Il, LB PER SQ IN. 


Slow and intermittent 4000 8000 
25 2000 3000 

50-100 500 700 

100-150 325 400 

150-200 250 300 


Dimensional Tolerances—The commercial dimensional toler- 
ances are given in Table 5. 

Bore sizes after installation are kept to desired limits without 
reaming by allowing for reduction in bore size due to press fit in 
housing and by using inserting plugs which prevent tight bores 
and misalignment. Very close limits (0.0001 in.) can be obtained 


Copper- and Silver-Base 
Brazing Alloys 


TABLE 5—Commercial Dimensional Tolerances 


STYLE DIMENSION BEARING SIzEs, IN, | TOTAL OT ae 
Inside diameter 
Plain and Inside diameter| Up to 14, in- 0.001 
flange and outside clusive 
bearings diameter Over 14 up to 0.0015 
214, inclusive 
Over 214 0.002 
Length 
Plain and Length Up to 1, in- 0.010 
flange clusive 
bearings Over 114 up to 0.015 
3, inclusive 
Over 3 0.020 


Inside diameter 


All bearings | Concentricity | Up to 114, in- | 0.0015 (0.003) 
—  clusive 
Over 14 0.002 (0.0048) 
Inside diameter 
Thrust bear- | Inside diam- | Up to 14, in- 0.003 
ings eter clusive 
Over 14% 0.010 
Outside diameter 
Thrust bear- |Outside diam-| Up to 14, in- 0.010 
ings eter clusive 
Over 114 0.020 
Thrust bear- | Thickness All sizes 0.005 
ings > 


* Total dial indicator reading. 


by subsequent burnishing or machining operations. Machining 
must be done by methods which will not produce closing of the 
pores of the metal. 
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Report of Iron and Steel and Nonferrous Metals Technical Committees approved January 1947 and last revised January 1949. 


Brazing can be defined as a group of metal-joining processes 
wherein the metals to be joined are heated to temperatures below 
their melting points, and a nonferrous filler metal having a melt- 
ing point not lower than 800 F is used. 

Capillary brazing defines that type of brazing wherein the parts 
to be joined are closely fitted and capillary attraction causes the 
brazing alloy to flow into the joint area. 

Capillary-brazing alloys may be classified into two groups: 


those containing silver (silver brazing alloys—sometimes called 
silver solders), and those with copper as the predominant material 
(copper-base brazing alloys). 

Ferrous alloys such as cast irons, malleable iron, wrought iron, 
carbon steels, alloy steels, galvanized iron, and galvanized steel 
are very successfully brazed with both groups of alloys. The 
base metals are not melted. With many metals, joints can be 
formed that are as strong as the parent metal, provided optimum 


We fits are used. The temperatures required are low as compared with 
welding, hence minimize structural changes with subsequent 
it t hardening which occurs in gray cast iron and malleable iron when 
_ higher temperatures are employed. 
! Copper, brass, and bronze can also be successfully brazed with 
| these alloys. Care should be exercised in selection of brazing alloys 
‘for brass and bronzes to keep their melting points below those of 
|| the alloys to be joined. Many dissimilar metals may also be 
| readily brazed when the precautions noted above are observed. 
| The brazing of high-nickel alloys with brazing alloys containing 
| phosphorus is not recommended because the phosphorus has an 
| embrittling effect at brazing temperatures. High-nickel alloys 
| and steel parts may crack if brazed while in a state of a high 
__ stress. 
| The silver brazing alloys are usually compositions containing 
| various percentages of silver, copper, and zinc, although in some 
__ proprietary alloys cadmium or phosphorus is added in substantial 
| quantities to lower the melting point. Nickel, tin, or manganese 
may be added to obtain some special property for particular 
| applications, although their use is relatively infrequent. The 
- choice of the particular silver brazing alloy to use can be made 
- from Table 2 and the explanatory notes. 
Some of the important characteristics of silver brazing alloys 
| are high shock and vibration resistance at ordinary temperatures, 
_ melting points in the range of 1200-1600 F, free-flowing capillary 
_ aetion, and excellent resistance to corrosion. Since the first cost 
of silver brazing alloys is higher than that of other metal-joining 
materials, their application must be predicated on needed char- 
acteristics which only they possess, or on processing economies 
\ which may result. If in a proposed application a joint resistant 
to severe shock, vibration, and high strength is required, the use 
_ of soft solder is not recommended. Either copper or silver braz- 
ing alloys should be used. If temperatures over 1600 F cannot be 
_ tolerated, the choice is further narrowed to silver brazing alloys 
» or phosphorus-copper alloys of near eutectic composition. The 
| fit of the joint also influences alloy selection. If the joint has a 
close fit (0.001-0.003 in. clearance) requiring free-flowing capil- 
| lary action, silver alloys are recommended. Actual press fits, 
je however, are frequently brazed using hydrogen brazing with 
I pure copper rather than alloys. Press fits should be avoided on 
| other than copper-hydrogen brazing. 
| Brazing alloys are usually furnished as rod or wire for hand 
| feeding. For applications of high production when the alloy is 
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preplaced, other forms such as specially formed sheets, rings, or 
strips may be used. Under special conditions, powdered or granu- 
lar forms may be employed. 

To produce a satisfactory brazed joint certain precautions must 
be taken. The parts to be brazed should be very thoroughly 
cleaned so that all scale, oxides, grease, oil, dirt, or other foreign 
materials are removed. A flux should be used that is fluid and 
active at the flow point of the brazing alloy. The flux should be 
applied evenly with care being taken to see that no bare spots 
remain. Best results will be obtained if the alloy as well as the 
joint is protected with flux. When inserts are used and the brazing 
alloy and the surfaces of the joint are not directly exposed to 
the flame or to oxidation, use only a very thin coating of flux. 

Care should be taken to see that all joints to be brazed fit 
properly. It is advisable to use inserts of the brazing alloy when 
ever possible. When thin-sheet inserts are used, a slight pressure 
should be applied. Suitable jigs and supports should be provided 
to hold the parts firmly in position to maintain proper clearance 
and alignment until the brazing alloy has set. When heating with 
a torch, use a tip sufficiently large to give the necessary heat with 
a soft neutral or slightly reducing flame. The joint should be 
heated evenly; where heavy and light sections are joined, be 
sure that the heavy section is brought to the proper tenaperature. 
As a general rule the best results are obtained when the joint is 
heated rapidly and when kept at the brazing temperature for a 
minimum time required for proper flowing of the alloy. Whenever 
possible, avoid strong drafts and varying light conditions in the 
vicinity of the brazing operation. 

Do not use any more heat than is necessary and remember that 
one of the principal advantages of silver brazing alloys is the 
low temperature at which they can be used. Carefully designed 
silver-brazed joints are frequently capable of developing shear 
strengths as great as 50,000 psi. Generally it is not recommended 
that silver-brazed joints be used in service where the operating 
temperatures exceed 400 F. In some instances where fatigue and 
strength requirements are low, this temperature may be exceeded. 
This is best determined by tests. 

When copper-brazed joints are made prior to heat-treatment 
of the parts in the assembly, a brazing alloy should be chosen 
whose melting point is at least 350 F higher than the heat-treating 
temperature. 

Table 1 gives the composition and use of some of the copper- 
base brazing alloys that are commonly used. Table 2 gives the 


TABLE 1—Composition and Properties of Copper-Base Brazing Alloys 


CLASS OF ALLOY Cu Sn Zn OTHER ELEMENTS FLOW POINT, F 
A—Copper 99.9 min — — — 1980 
| B—Phosphor-copper Remainder aa —_— 4.5-5.5 P 1525 
| C—Phosphor-bronze Remainder 9.0-11.0 0.2 max 0.03-0.25 P 1830 
| D—Copper-silicon 94.8 min 0.75 max 1.5 max 2.75-3.5 Si 1880 
F | 1.50 Mn, max 
le 1)60\Fe, aax 
il 0.05 Pb, max 
E£—Low-fuming brass Remainder 0.75-1.1 38-42 0.1 Mn, max 1650 
rol, ; 0.7-1.2 Fe 
(eel 0.04-0.14 Si 
The || F—Naval brass — §9-62 0.4-1.5 Remainder — 1650 
lp | G—Brass brazing alloy 61-67 — Remainder = 1700 
0 | H—Copper-silicon 99.7 min - — 0.3 Si 1980 
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TABLE 2—Composition and Properties of Silver Brazing Alloys 


ciass® Ag Cu Zn Cd P Pon EF | FLow Pornr, F COLOR cousnenate 
, Cu = 100 
A 9.0-11.0 51.0-53.0 36 .0-40.0 _ _ 1510 1600 yellow 20.5 
B 19.0-21.0 44 .0-46.0 33 .0-37 .0 _ — 1430 1500 yellow 24.4 
¢C 29 .0-31.0 37 .0-39.0 30.0-34.0 _— — 1370 1410 yellow-white — 
D 39.0-41.0 35 .0-37.0 22 .0-26.0 _— — 1330 1445 nearly white — 
E 44 .0-46.0 29 .0-31.0 23 .0-27 .0 — = 1250 1370 nearly white — 
F 49 .0-51.0 33 .0-35.0 14.0-18.0 = = 1280 1425 nearly white 24.4 
G 59.0-61.0 24 .0-26.0 13 .0-17.0 a= = 1260 1325 white — 
H 14.0-16.0 79.0-81.0 — = 4.75-5.25 1190 1300 gray-white 14.0 
I 49 .0-51.0 14.5-16.5 14.5-18.5 17.0-19.0 == 1160 1175 yellow-white 23.9 


* Other alloys of different chemical composition are available that have the same physical properties und similar melting- and flow-point temperatures. 


composition and use of some of the silver brazing alloys that are 
commonly used. 

Applications of Copper Brazing Alloys—Class A—Used on 
ferrous, nickel, and monel parts. Can be furnace brazed in a non- 
oxidizing atmosphere without flux or brazed in a suitable high- 
temperature salt bath. Can also be used with an oxyacetylene 
torch. Wets low carbon steel easily. Excellent for corrosion re- 
sistance, good strength, and resistance to vibration and impact. 

Class B—Used for sweat brazing overlapping surfaces of copper 
or copper alloys. Not recommended for steel, cast iron, or high- 
nickel alloys. Material is self fluxing on copper. 

Classes C and D—Applied by carbon arc or metal arc as a 
general rule. Can also be used with a torch. Used for building up 
a wear-resistant surface and joining copper to steel. Can also be 
used on copper, brass, bronze, stainless steel, galvanized iron 
and steel. 

Class E—Used in open vee, fillet, or sweat-brazed connections 
yielding high strength joints. Works satisfactorily on copper, 
nickel, monel, cast irons and steels, and dissimilar metals. Cau- 
tion needs to be taken where these metals are chosen for the 
specific corrosion resistance in certain envornments. This alloy 
also gives good wear resistance. 

Class F—Excellent rod for brazing on brasses, copper, nickel 
alloys, cast iron, malleable iron, and steel. It is tough, durable, 
strong, and easy to apply. 

Class G—Inexpensive, moderate-strength connections used on 
copper alloys, nickel alloys, cast iron, and steel. Not recom- 
mended for open vee or fillet connections. 


Applications of Silver Brazing Alloys—Classes A, B, and C— 
This group contains the low-silver brazing alloys which can b 
used on iron, steel, and nonferrous alloys that are not damage 
by the temperature of-application of the particular alloy used 
The choice of grade depends on the cost of the alloy, evaluate 
against the deposition temperature, color, and subsequen 
heating. They have relatively high strength, malleability, duc 
tility, and a low initial cost directly proportional to their silve 
content. 

Classes D, E, and F—These alloys are also applied to iron 
steel, and nonferrous alloys. They are higher grade materials thai 
classes A, B, and C with respect to strength and corrosion re 
sistance, and their color is nearly white. 

Class E—This alloy has the lowest flow point of this group anc 
can be used on monel metal providing care is exercised to avoi 
overheating. 

Class G—This alloy is used on small parts and monel meta 
where its low flow point (1325 F) is advantageous. No other alloy 
with a lower silver content is completely white. 

Class H—This alloy is recommended for use on copper anc 
copper-base alloys. It has a low melting point and is self fluxing 
It is not recommended for use on monel metal, nickel, nicke 
alloys, iron, or steel. 

Class I—This alloy is one of a series of proprietary low melting 
point (1175 F) silver brazing alloys. The analysis shown is ons 
which is most extensively used. It has good physical propertie: 
and can be used on steel, stainless steel, iron, copper-base alloys 
nickel, and nickel alloys. 


=== 
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furnished under this specification unless otherwise specified. 

It is recommended that the grade of solder metal be selected 
that contains the least amount of tin required to give suitable 
flowing and adhesive qualities for the work in hand. 

Class B solders are wiping type. 
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Solders SAE Standard 
Report of Nonferrous Metals Division approved June 1911 and last revised by Nonferrous Metals Technical Committee February 1947. 
The choice of the type and grade of solder for any specified Maximum Impurities, % 
purpose depends on the material in connection with which it is Bean 0.25 | Zine 0.008 
to be used and the method of applying. For galvanized iron and = opper............... 0.08 | Aluminum.................} 0.005 
zine, only Class A should be used. Class A solder should be OMe etre ed wrecat: 0.02 | Other elements, total....... 0.08 


In dipping solders, 0.5% maximum copper is permissible be- 
cause of pick-up in bath. 

Compositions, temperatures, and similar specifications of these 
SAE solders are shown in Table 1. 


TABLE 1—Compositions, Temperatures, and Similar Specifications 


TEMPERATURES 
SIMILAR SPECIFICATIONS 
SAE No. TIN LEAD ANTIMONY Solidus Liquidus a a 
EF (3 F Cc Grade 

1A 45.0, — 1.0 Remainder 0.4 max 361 183 414 212. Alloy 45B 

1B 43.0, + 0.5 Remainder 1.5-2.00 361 183 405 208 

2A 40.0, — 1.0 Remainder 0.4 max 361 183 460 238 Alloy 40B 

2B 38.0, + 0.5 Remainder 1.5-2.00 361 183 450 232 

3A 30.0, — 1.0 Remainder 0.4 max 361 183 494 257 Alloy 30B 

3B 28.0, + 0.5 Remainder 1.5-2.00 361 183 484 251 

4A 25.0, — 1.0 Remainder 0.4 max 361 183 511 266 Alloy 25B 

4B 25.0, — 1.0 Remainder 1.25-1.75 361 183 502 261 

5A 20-0, — 1.0 Remainder 0.4 max 361 183 525 274 Alloy 20B 

5B 20.0, — 1.0 Remainder 1.25-1.75 361 183 518 270 

6A 15.0, — 1.0 Remainder 0.4 max 361 183 §43 284 Alloy 15B 

6B 15.0, — 1.0 Remainder As specified 361 183 532-541 | 278-283 


® Maximum, 2.75%. 


Wire Cloth 


SAE Standard 


Report of Parts and Fittings Division approved July 1924. 


Dimensions of wire cloth are given in Table 1. 


TABLE 1—Wire-Cloth Dimensions 


DIAMETER PROPORTION DIAMETER PROPORTION 

usm | tp, [OPENING,| ON OTETNCS | amesm | 2%, | opEntsc,| °F OPENINOS 

IN. c AREA, %® IN. or AREA, %® 
8 | 0.028 | 0.097 60 45 | 0.0095} 0.0130 34 
10 | 0.025 | 0.075 56 50 | 0.009 | 0.0110 30 
12 | 0.023 | 0.060 52 60 | 0.008 | 0.0090 29 
14 | 0.020 | 0.051 51 70 | 0.007 | 0.0073 26 
16 | 0.018 | 0.044 51 80 | 0.006 | 0.0068 29 
20 | 0.016 | 0.034 46 90 | 0.005 | 0.0059 28 
24 | 0.015 | 0.027 42 100 | 0.0045) 0.0055 30 
30 | 0.013 | 0.021 40 120 | 0.004 | 0.0043 26 
35 | 0.011 | 0.018 40 150 | 0.003 | 0.0037 31 
40 | 0.010 | 0.015 36 200 | 0.0021) 0.0029 33 


® This column is given for information only. The areas are based on the nominal 


_ wire sizes, 


Mesh denotes the number of openings per inch. 

The weave shall be what is known as ‘plain,’ except that in 
meshes 80 and finer, ‘twilled’ weave may be used. 

Double crimped wire shall be used and woven so as to give 
square openings. 

The accuracy of spacing wires shall be such as to give openings 
within 10%, plus or minus, of the openings specified. 

The variation in the diameter of the wire shall not exceed the 
following plus and minus tolerances in inches: 


Wprtovand meluding G6 mesht. 4.26.0. ss. son 0.003 
Prome20ctoo0 meshes ike, oe aed ah teed 0.002 
Bromvo0tto: LOOimesb se: Hite Wage. Meike. 0.0015 
MM DOVerlOOLMeSD aie t sores. ee els Rees 0.001 


The material shall be specified by the purchaser, taking ac- 
count of the fact that manufacturers of wire cloth stock these 
meshes in steel and brass up to about 80 mesh; above this, it is 
common practice to supply phosphor bronze and monel metal. 
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Electroplating Practice 


SAE General Information 


Report of Nonferrous Metals Division approved January 1930 and last revised by Nonferrous Metals Technical Committee January 1950, 


Electroplating is extensively used in the automotive industries 
and is continuing to enlarge its useful functions. Various plated 
metals and combinations of these are being used for. different 
purposes, some of which are as follows: 

1. Decoration or protection against corrosion or both: cop- 
per, nickel, and chromium singly or in combination 
2. Protection against corrosion: cadmium or zine 

8. Protection against wear: chromium alone or in combina- 

tion with copper or nickel or both 

4. Build up of undersize parts: chromium, nickel, or iron 

5. Adhesion of rubber to steel: brass 

6. Protection against carburizing and nitriding: copper, tin, 

nickel, bronze 

7. Protection against friction: tin, cadmium, copper, lead 

8. Plating for brazing: copper 

9. Electroforming: copper, nickel, iron 

10. Minor uses such as identification 

Decoration or Protection Against Corrosion or Both—Numer- 
ous automotive parts such as bumpers, body hardware, grilles, 
hub caps, and bezels made of various metals such as steel, brass, 
zinc-base die-cast alloy, and stainless steel are commonly chro- 
mium plated for decorative purposes and for protection against 
corrosion. The plating usually is made up of a very thin layer of 


chrome applied over a much heavier undercoat of nickel or of 


copper and nickel. The undercoats furnish most of the protec- 
tion from corrosion, while the chromium plating prevents tar- 
nishing of the nickel plate. 

Copper Plating—While electrodeposited copper (sometimes 
oxidized or otherwise colored) protected from tarnish by a clear 
organic film is occasionally used in automotive work as decora- 
tive finish, it is most commonly used under nickel and chromium 
on steel parts and on parts die cast of a zinc-base alloy. On either 
base metal, electrodeposited copper may serve several purposes. 
On steel it may be employed as a thin, “strike” deposit to com- 
plete the cleaning preparation for nickel plating. In greater 
thicknesses it may be buffed to produce a high luster and to 
cover or minimize wheel marks or base-metal defects. On zinc- 
base die castings it is used to facilitate subsequent deposition of 
nickel and for protection against corrosion. A “strike’’ deposit 
of copper is sometimes used to complete the cleaning preparation 
of brass for nickel plating. 

In all cases, the initial deposit of copper is obtained from a 
cyanide bath containing copper cyanide, sodium cyanide, sodium 
carbonate, and frequently sodium hydroxide and Rochelle salts. 
Where deposits thicker than 0.0002 to 0.0003 in. are desired, it 
is customary to transfer parts after preliminary plating in a 
cyanide bath to a bath which permits formation of superior de- 
posits or deposits at higher speed, such as an acid-copper bath 
(containing copper sulfate and sulfuric acid) or one of the pro- 
prietary baths now available. 

The proprietary baths are of several types. One is a highly 
concentrated cyanide bath operated at a high temperature to 
which organic addition agents are added. For it, high efficiency 
and improved luster of deposit is claimed. Others are standard 
acid-copper baths modified by organic additions to improve lus- 


ter and buffability. Another is an ammoniacal copper sulfate 
solution modified by the addition of an organic material. Another 
is an alkaline pyrophosphate solution. The latter two baths per- 
mit deposition of bright copper. In all cases agitation is recom- 
mended. 

Nickel Plating—Nickel plating is applied over the various base 
metals or over the various base metals after copper plating. It 
affords protection against corrosion in proportion to its thick- 
ness. It may be buffed to cover or minimize wheel marks and 
base-metal defects. The standard nickel-plating bath is the 
Watts bath containing nickel sulfate, nickel chloride, and boric 
acid. This bath produces a matte deposit which must be buffed 
for luster. In recent years it has been modified by the addition 
of acid (low pH) and-considerable increase in amount of nickel 
chloride used to permit more rapid deposition of a more easily 
buffed deposit and to promote anode corrosion. 

In recent years semi-bright and bright nickel plating have 
come into general use in the industry. Their principal advantage 
is lower costs in the case of the semi-bright deposits due to a 
reduction in the amount of buffing required and to its elimina- 
tion in the case of bright deposits. Some of these solutions also 
exhibit a marked tendency to obliterate surface defects such as 
scratches and grinding lines in the base metal and thus mini- 
mize the amount of polishing required prior to plating. Better 
quality at times may also be attained as the hazard of buffing 
through at sharp edges or corners is minimized. 

There are several types of bright nickel solutions in general 
use. One type depends mainly on cobalt as the addition agent 
which causes brightness. There is another type which uses or- 
ganic addition agent plus zinc. There are still others with vari- 
ous materials added for the brightening effect. These baths are 
operated at the usual operating temperatures of other nickel 
baths. Also, current densities are of the same order in most 
cases as the dull nickel baths. Agitation of some sort is generally 
required. 

Bright nickel solutions are generally used in rubber-lined 
tanks. In past years there has been an expanded use of continu- 
ous filtration, external heating, and the use of activated carbon 
to remove impurities. 

Chromium Plating—Chromium plating is used in thin deposits 
over nickel plate because of its high resistance to tarnishing. 
The only exception to this is in the case of stainless steel which 
is plated directly with chromium to impart a blue-white color 
to match that of other parts which are chromium plated and to 
improve its tarnish resistance. Chromium plating is performed 
in a bath containing a high percentage of chromic acid, a much 
smaller percentage of sulfuric acid, or less frequently hydro- 
fluoric fluorsilicic’acid. Insoluble anodes, usually lead, are used. 
The bath composition is maintained by additions of chromic 
acid. 

Plating Specifications—Automotive parts are plated to speci- 
fications which call for definite thicknesses of the protecting 
metals. 

Tentative ASTM A 166, Electrodeposited Coatings of Nickel 
and Chromium on Steel prepared jointly by the American Society 


i4 for Testing Materials and the American Electroplaters’ Society, 


specifies the following thicknesses in inches: 


DS FS | KS Qs 


0.0020 0.00125|0.06075 0.0004 
0.0010 |0.0006 |0.0004 |0.0002 


0.00001 0.00001}0 . 00001 0.00001 


® When copper is used in excess of a thickness of 0.0001 in., its minimum thickness 
shall be 0.00075 in. 


Copper plus nickel, min......... 
Banal nickelhmimsis 2. ce le or, 
Chromium (if required), min.... 


Zinc-Alloy Die Castings—In plating zinc-alloy die castings, it 
is essential to deposit a substantial thickness of copper prior to 


~ depositing a sufficient thickness of nickel to meet specifications 


' Copper plus nickel, min........... 


for total thickness of deposits. Tentative ASTM specifications 
for Electrodeposited Coatings of Nickel and Chromium on Zine 
and Zine-Base Alloys (ASTM B 142) prescribe the following 
thicknesses in inches: 


Zee KZ, QZ 


0.00125 | 0.00075 | 0.00057 
0.0004 |-0.0003 | 0.0002 
0.0005 | 0.0003 | 0.0003 


WOO ET oO ie a er 
MMO TEMMC MOUNT ss: cao c be fees ks he 


® Total of 0.0003 in. minimum if alternative of nickel only is used. 


Copper and Copper-Base Alloy Parts—Tentative ASTM B 141, 
Electrodeposited Coatings of Nickel and Chromium on Copper 
and Copper-Base Alloys prescribes the following thicknesses in 
inches: 


FC KC QC 
SWS). Tetials | eae 0.0005 | 0.0003 | 0.0001 
COWREE ETT Sb OT 205 00 a 0.00001 | 0.00001 | 0.00001 


i * Chromium coatings 0.000025 in. or more in thickness are likely to cause crack- 
ings of nicke] deposits. The minimum thickness of chremium should be obtained 
with as low a maximum thickness as is practicable. 

The initial letters D, F, K, and Q were adopted as arbitrary designations of grades 
of plating. Of the second letters, S refers to steel as base metal, B to brass, C to cop- 


per, and Z to zine. 


The above specifications are cited as representing good commercial practice. 


Protection Against Corrosion—Some parts are partially or 
totally concealed because of their position but require protection 


| against rust or corrosion, as bolts, nuts, washers, and chassis 


parts. On these parts a metallic protection is frequently preferred 


| to paint or enamel to avoid build up on threaded parts or be- 


cause electrical conductivity must be maintained. For this pur- 


| pose zinc or cadmium is generally used. 


Tentative ASTM A 164, Electrodeposited Coatings of Zinc on 
Steel prescribes the following thicknesses in inches: 
GS, 0.001, min; LS, 0.0005, min; RS, 0.00015, min 
Tentative ASTM A 165, Electrodeposited Coatings of Cad- 
mium on Steel, prescribes the following thicknesses in inches: 
NS, 0.0005, min; OS, 0.0003, min; TS, 0.00015, min 
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Zine is commonly plated from a cyanide bath, though acid 
baths are also used. Cadmium is plated from cyanide baths. 

Cadmium plate is sometimes preferred on the basis of appear- 
ance. Under various conditions one or the other of these metals 
may be preferred, inasmuch as the relative resistance to corro- 
sion varies with the type of corrosive medium. One of the diffi- 
culties experienced with zine deposits has been the tendency for 
bulky white corrosion products to form when zinc-coated parts 
are brought in contact with stagnant water or exposed to a 
highly humid atmosphere. This tendency may be minimized by 
treating the parts after plating with inhibiting solutions, usually 
solutions of chromates. 

Proprietary solutions for the plating of bright zine and for the 
plating of bright cadmium are available. 

Steel parts high in carbon or hardened by heat-treatment or 
cold work may absorb hydrogen and become embrittled in pick- 
ling or plating operations. Such parts should be heated to 300 
to 400 F for a sufficient period of time to remove this embrittle- 
ment. 

Care must be exercised in assembly of zinc- or cadmium-plated 
parts by spot welding. Heavy. zinc deposits may cause cracking. 
Adequate ventilation should be provided when cadmium-plated 
parts are welded. 

Protection Against Wear—Production tools such as plug 
gages, burnishing tools, and drawing dies are heavily chromium 
plated to reduce wear. The chromium in this case is applied 
directly to the steel parts in a bath similar to that used for plat- 
ing decorative parts. Usually the current density and tempera- 
ture are increased to get greater speed. Great care is necessary in 
cleaning, and sometimes etching the surface of the parts before 
plating is employed to get good adhesion of the plate. Plates 
varying from 0.0005 to 0.020 in. are being used. 

Much lighter deposits have been used effectively on cutting 
tools. Ordinary decorative chrome plate has been used to control 
wear in light-duty hydraulic cylinders used for door-closing and 
top-handling devices. 

Engine cylinders and piston rings may be plated with “porous” 
chromium. The process serves to reduce cylinder wear, ring wear, 
and ring-groove wear. After plating, by a current-reversal proc- 
ess, the chromium deposit is made ‘‘porous”’; actually a network 
of oil-retentive cracks is developed. Ordinary dense chromium is 
not wetted by oil. 

Build Up of Undersize Parts—This is a salvage operation and 
is generally done with chromium plate. However, the use of 
nickel or nickel plus chromium is developing, and iron is also 
used. 

Adhesion of Rubber to Steel—Steel parts to which rubber 
must adhere are often brass plated, which permits a good bond. 
One of the principal requirements in this operation is a uniform 
ratio of copper to zine in the alloy deposited. In order to secure 
uniformity it is essential to control closely the solution composi- 
tion, pH, and operating conditions. A cyanide bath containing 
copper and zine cyanides in a 2:1 ratio is commonly used. 

Protection Against Carburizing and Nitriding—lIt is sometimes 
desirable to protect certain areas of carburized parts against 
carburization. For this purpose a copper deposit of approxi- 
mately 0.001 in. is often used as a stop off. This may be plated 
from a cyanide bath, or acid copper over a thin cyanide-copper 
coating may be used, or one of the proprietary high-speed cop- 
pers. 

Electrolytic deposits of tin and also nickel and tin bronze are 


228 ELECTROPLATING PRACTICE 


similarly used as a stop off in nitriding. If too heavy a coating 
of tin is applied, it will melt and flow and produce defective 
work. Tin bronze and nickel are free from this defect. 
Protection Against Friction—Tin has been used considerably 
in plating cast-iron pistons in internal-combustion engines. The 
soft metal flows under pressure and minimizes the danger of scor- 
ing of cylinder walls during the break-in period. Cadmium has 
been used similarly on steel pistons and iron piston rings, and 
tin by chemical deposition on aluminum pistons. Gears are fre- 
quently plated with copper for protection during initial runs. 
Plating for Brazing—Copper plate on steel has been employed 
as a means of assembly by being used as brazing material in 
hydrogen-brazing operations. Rolled tubing for gasoline and oil 


lines has been fabricated in this way. Only very closely fitted 
parts can be assembled in this way. 

Electroforming—Patterns are being made of electrodeposited 
copper, iron, and other metals, and molds for rubber and plas- 
tics are being made by this process. Although the art of electro- 
forming has been known for a long time and used in many in- 
dustries, it has only been in comparatively recent years that its 
more or less extensive use in the automotive industry has taken 
place. 

Minor Uses Such as Identification—Parts are sometimes iden- 
tified or uses indicated by means of very thin platings. Plating 
has also been used in magnetic-particle inspection to provide a 
background on which the magnetic indications are more readily 
discerned. 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 


nautical Applications. 


[The SAE-ASTM Technical Committee on Automotive Rubber 
formulated this Standard after comprehensive study of other rubber 
specifications. 

After the standard was approved, the U. S. Government imposed 
restrictions on the use of natural rubber, and shortages of ingredients 
| for compounds covered by this standard developed. For these reasons, 
_ rubber-products manufacturers may not be able to meet the physical 
requirements specified.] 

1. Scope 

(a) These specifications cover vulcanized compounds of natu- 
ral rubber, reclaimed rubber, synthetic rubber, or rubber-like 
materials, alone or in combination, which are intended for use in 
manufacturing products for automotive and aeronautical applica- 
tions. Compounds for tires, inner tubes, sponge rubber, hard 
rubber, belts, hose, and mats are not included. 

(b) The compounds listed in Tables 1-4 are of two types, 
grouped, in four classifications, based primarily on physical 
1 properties as defined in Section 6. Although the individual com- 
| pounds provide a wide variety and range of physical properties, 
it should be understood that these specifications are general and 
are intended to furnish a basis for engineers to select a material 
suitable for applications not covered by detailed product speci- 
|, fications. Care should be taken to choose those grades having 
only the properties required for the intended service. 

Since it is recognized that basic test requirements used mainly 
to classify compounds do not sufficiently describe some com- 
positions, provision is made for added test requirements which 
are indicated by suitable suffixes to the grade numbers. When 
the compounds may be used for purposes where the require- 
ments are too specific to be prescribed in general specifications, 
it is advisable for the purchaser to consult the manufacturer to 
secure adjustment of the properties to suit the actual operations 
_ to which the material is to be subjected. 

| (c) In case of conflict between the provisions of these general 
| specifications and those of detailed specifications for a particular 
_ product, the latter shall take precedence. 

1 Note—These automotive classified compounds will serve many 
| of the needs of other industries, even as SAE numbered steels 
' are used. It must be remembered however that the classifications 
| are subject to revision when required by automotive needs, and 
| there is no assurance that the changes will be acceptable to all 
: other users. 

___2. Types of Compounds—These specifications cover two types 
| of compounds designated by the prefix letters R and S as follows: 
i. Type R—Compounds made from natural rubber, reclaimed 
rubber, synthetic rubber, or rubber-like materials, alone or in 
combination, for services where specific resistance to the action 
of petroleum-base fluids is not required. 

Type S—Compounds made from synthetic rubber or rubber- 


1 It is understood that intermediate grades used prior to the revision of this Stand- 

ard will continue in use for an extended period. 

_ * Note that the letter B now designates the low compression-set values. In previous 

issues of this Standard, B has indicated the normal-set column which is now basic. 

The letter B should now be used only where the special low-set values are required. 
_ Example: Grade SB 625 F designates a synthetic compound with good oil re- 

sistance having a durometer hardness of 60 + 5, and an original minimum tensile 

strength of 2500 psi, and which passes the low-temperature test at —40 F and con- 

forms to the other basic requirements prescribed in Table 2. 

4 Test to be arranged between the manufacturer and the purchaser. 
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SAE Standard 


Report of Passenger Car Division approved January 1943 and last revised by Nonmetallic Materials Technical Committee January 1951. This SAE 
Standard conforms with ASTM D 735—50, Tentative Specifications for Rubber and Synthetic Rubber Compounds for Automotive and Aero- 


like materials for services where specific resistance to the action 
of petroleum-base fluids is required. 

3. Classes and Grades of Compounds 

(a) Classes—Type R compounds are listed in one class only 
and Type S compounds are divided into three classes designated 
by the letters A, B, and C added to the “‘S”’ prefix as follows: 

Class SA—compounds made from synthetic. rubber or rubber- 
like materials having very low volume swell in low aniline point 
oils (ASTM D 471—46T). 

Class SB—compounds made from synthetic rubber or rubber- 
like materials having low volume swell in low aniline point oils 
(ASTM D 471—46T). 

Class SC—compounds made from synthetic rubber or rubber- 
like materials having medium volume swell in low aniline point 
oils (ASTM D 471—46T). 

(b) Grades—Kach class of compound has a number of different 
grades', each having different physical properties. The grades 
shall be designated by numbers following the prefix letters and 
when necessary, by suffix letters after the grade number as 
follows: 

Grade numbers shall consist of three digits, the first indicating 
the durometer hardness range, for example, 3 for 30 = 5, 4 for 
40 + 5. The next two digits indicate the minimum tensile 
strength, for example, 05 for 500 psi, 15 for 1500 psi. 

Suffix letters may be added singly or in combination after any 
gerade number to indicate additional requirements beyond those 
specified in the tables as basic requirements for that particular 
grade. The significance of the approved suffix letters is as follows: 


Suffix Letter 


CA aee® Suffix A formerly denoting oven-aging requirement is 
discontinued. Oven aging is a basic requirement in all 
tables. 

Best ae Compression-set test required with values as specified 
in Tables 1, 3, and 4.? 

Cae aa: Weather-resistance test required.* 

Deen: Load-deflection test required with values as specified in 
Table 1. 

E-1.....Oil-immersion test required with values as specified in 


Tables 2, 3, and 4. Physical change when immersed in 
ASTM No. 1 oil. 

H-3..... Oil-immersion test required with values as specified in 
Tables 2, 3, and 4. Physical change when immersed in 
ASTM No. 8 oil. 


haere Low-temperature test at —40 F required.’ 

Ne or ¢ Low-temperature test at —70 F required.* 

Gav ot he: Tear test required.* 

Hine aes Flexing test required.* 

Jee J Abrasion test required.* 

‘Komtran a! Adhesion test required.? 

Ti ARs tees Moisture absorption test required.® 

Misery: Inflammability test required.’ 

1S Be ee Repeated impact test required.® 

Lede Seer Staining test required. 

aera ate Resilience test required with values as specified in 
Table 1. 

"Stes eae Special test required.? (Any special characteristics or 
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TABLE 1—Physical Requirements of Type R Compounds, Non Oil Resistant 
REQUIREMENTS ADDED BY SUFFIX LETTER® 
BASIC REQUIREMENTS Suffixes 
D B R 
oS Heat aged 70 hr at 158 F 
Minimum 
nie par 22 hr at 158 F 22 hr at 158 F sys 
Durometer Minimum Minimum : ‘ : : 20% load. 5 z resilience 
hardness” | tense” | ultimate, | Maximum | Mesimum | Maximum | compression | deflection, psi | compression | “Wresgive” 
tensile ultimate durometer ass BA Beto strain, % 
strength, % elongation, % hardness 
R310 30 + 5 1000 400 —25 —35 +10 50 == 25 — 
315 30 + 5 1500 500 —25 —25 +10 50 70 + 10 25 _— 
320 30 + 5 2000 600 —25 —25 +10 50 70 + 10 25 — 
325 30 + 5 2500 600 —25 —25 +10 50 70 + 10 35 —_ 
*R410 40 + 5 1000 400 —25 —35 +10 50 _ 25 —_ 
*415 40 + 5 1500 500 —25 —25 +7 ' 50 100 + 15 25 70 
*420 40 + 5 2000 500 —25 —25 +7 50 100 + 15 25 75 
425 40 + 5 2500 500 —25 —25 +7 50 100 + 15 25 80 
430 40 + 5 3000 600 —25 —25 = 50. +100 & 15 35 80 
*R505 50 + 5 500 300 —25 —35 +10 50 = = = 
*510 50 + 5 1000 400 —25 —35 +10 50 — 25 = 
*515 50 + 5 1500 400 —25 —25 +7 50 140 + 20 25 65 
*520 50 + 5 2000 500 —25 —25 +7 50 140 + 20 25 65 
*525 50 + 5 2500 500 —25 —25 +7 50 140 + 20 25 75 
530 50 + 5 3000 600 —25 —25 +7 50 140 + 20 35 TS 
535 50 + 5 3500 600 —25 —25 +7 50 140 + 20 35 75 
R605 60 + 5 500 300 —25 —35 +10 50 ms — = 
*610 60 + 5 1000 300 —25 =35 +10 50 == 25 a 
*615 60 + 5 1500 350 —25 —25 +7 50 195 + 30 25 60 
620 60 + 5 2000 400 —25 —25 +7 50 195 + 30 25 60 
*6§25 60 + 5 2500 450 —25 —25 +7 50 195 + 30 25 70 
630 60 + 5 3000 500 —25 —25 +7 50 195 + 30 35 70 
635 60 + 5 3500 550 —25 —25 +7 50 195 + 30 35 70 
*R705 70 + 5 500 150 —25 —35 +10 50 — — a 
710 70 + 5 1000 200 —25 —35 +10 50 _— 25 — 
*715 70 + 5 1500 250 —25 —25 +7 50 300 + 70 25 50 
*720 70 + 5 2000 300 —25 —25 +7 50 300 + 70 25 50 
725 70 + 5 2500 300 —25 —25 +7 50 300 + 70 25 60 
730 70+ 5 3000 400 —25 —25 +7 x00) 300 + 70 35 60 
*R805 80 + 5 500 100 —25 —35 +10 50 — od = 
*810 80 + 5 1000. 150 —25 —35 +10 50 == = = 
815 80 + 5 1500 200 —25 —25 7 50 475 + 100 <r = 
*820 80 + 5 2000 250 —25 —25 +7 50 475 + 100 — = 
825 80 + 5 2500 300 —25 —25 +7 50 475 + 100 — = 
*R905 90 + 5 500 75 —25 —35 +10 50 = — — 
910 90 + 5 1000 100 —25 —35 +10 50 = = = 
915 90:+ 5 1500 125 —25 —25 +7 50 — — — 


——— on, 


® This table represents 
The compounds mar 


° See Section 3. 


a combination of the RN and BS tables in. ASTM D 735—43T and in previous issues of this Standard. See Section 7 for methods of testing. 
ked with an asterisk are those which are most commonly used. It is suggested that these compounds be specified when possible. 


functional requirements other than those prescribed in 
these suffixes, which may be desired for specific applica- 
tions, for example, resistance to ozone or special fluids, 
shall be specified under’ suffix Z.) 


4. Composition 


and Manufacture—Compounds 


furnished 


under these specifications shall be manufactured from natural 
rubber, reclaimed rubber, synthetic rubber, or rubber-like ma- 
terials together with added compounding ingredients of such 
nature and quantity as not to prevent compliance with the 
specified requirements. All materials and workmanship shall be 
in accordance with good commercial practice, and the resulting 
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TABLE 2—Physical Requirements of Synthetic-Rubber Compounds, Type S, Class SA, Oil Resistant* 


4 REQUIREMENTS ADDED BY SUFFIX? 
ad BASIC REQUIREMENTS Suffix E-3 Suffix E-1 
— 70 hr at 212 F, ASTM No. 3 oil | 70 hr at 212 F, ASTM No. 1 oil 
2 eae loil aged 70 hr at 212 F Heat aged 70 hr at 212 F 
Mini- |... 22 hr at | Maxi Maximum | ._| Maxi ; ‘ 
: Duromctes| Mins | Minis [Aston NoJASTALNo| ae joan lonucimun |__| ete’ |MSERME |eeimee ange, in| Mazin | Maximo change i 
Baars) | tensile |) ctonga- change | change in| Matimum | maximum | tensile | ultimate |“ cdness | _tensile | ultimate [hotness 
a: a ie ORs Zo Volume | Volume aN Re durometer Saas set, J mae ihe eee ao) eres por = 
charge, change, % %, ») hardness 
% (limits) % (limits)! 
$A405) 40 + 5) 500 400 |; 0+10) —3 +5 —15 —40 +15 65 —20 —50 |—5 +10) —20 —50 |—5 +10 
$A505) 50 + 5) 500 400 |0-+10 | —3 +5) —15 —40 +15 60 —20 —50 |—5 +10 —20 .| —50 |—5 +10 
SA607; 60 + 5) 700 300 — —3 +5 —15 —40 +10 50 —20 —50 |—5 +10, —30 —50 |—5 +10 
|. SA710, 70 + 5} 1000 250 |0 +10} —3 +5) —15 —40 +10 50 —30 —50 |—5 +10; —30 —50 |—5 +10 
SA810} 80 + 5} 1000 150 | 0 +10} —3 +5) —15 —40 +10 50 —30 —50 |—5 +10) —30 —50 |—5 +10 
SA910 90 + 5} 1000 100 | 0 +10; —3 +5) —15 —40 +10 50 —30 —50 |—5 +10; —30 —50 |—5 +10 
: See Section 7 ee methods of testing. 
See Section 3 


stock shall be free from porous areas, weak sections, bubbles, 
foreign matter, or other defects affecting serviceability. 

5. Color—Unless otherwise specified, these compounds shall 
be black and free from objectionable bloom. 

6. Physical Requirements 

(a) The values for the physical requirements prescribed in 
_ these specifications, together with any additional requirements 
indicated by suffix letters in the grade designations as described 
in Section 3, define the properties of the compounds after vul- 
canization in molds in the form of standard laboratory test slabs 
| ' or blocks prepared in accordance with the standard methods of 
| sample preparation for physical testing of rubber products 
(ASTM D 15). 

(b) Test results from finished products may not duplicate the 
values obtained from standard test specimens. When differences 
| due to the method of processing or to the difficulty in obtaining 
| suitable test specimens from the finished part arise, user and 
producer may agree on acceptable deviations. This can be done 
| _ by comparing results of standard test specimens and those ob- 
tained on actual parts. 

7. Test Methods—The properties enumerated in these speci- 
fications shall be determined in accordance with the following 
methods of the American Society for Testing Materials except as 
modified in accordance with certain provisions stated herein. All 
exposure periods and temperatures prescribed in the tables shall 
be given precedence over those specified in the ASTM methods. 
(a) Durometer Hardness—Tentative Method of Test for In- 
dentation of Rubber by Means of the Durometer (ASTM D 676). 
(b) Tensile Strength and Elongation—Standard Methods of 
Tension Testing of Vulcanized Rubber (ASTM D 412) using 
die C. 


(ec) Load Deflection—Tentative Methods of Test for Compres- 
sion-Deflection Characteristics of Vulcanized Rubber (ASTM 
D 575). 

(d) Compression Set—Method B of the Tentative Methods of 
Test for Compression Set of Vulcanized Rubber (ASTM D 395). 
Heat-treatment shall be 22 hr at 158 F or 70 hr at 212 F as 
specified in the tables of this specification. 

Note—ASTM D 395 specifies that a standard specimen shall 
be a cylindrical disc 44 in. thick cut from the vulcanized rubber 
part by means of a sharp circular die having an inside diameter 
of 1.129 + 0.001 in. Provision is also made for an alternate 
specimen. It is permissible to assemble a specimen having the 
required thickness by plying together, without cementing, thinner 
layers of approximately equal thickness. In this specification, the 
standard specimen shall be used except in cases where a plied-up 
specimen is agreed upon between supplier and consumer. 

(e) Heat Aging—Standard Method of Test for Accelerated 
Aging of Vulcanized Rubber by the Oven Method (ASTM D 573) 
or Standard Method of Test for Heat Aging of Rubber by the 
Test-Tube Method (ASTM D 865). After the specimen has been 
aged and cooled, the durometer hardness, tensile strength, and 
elongation shall be determined in accordance with Sections 7a 
and 7b and the changes from the original values noted. 

(f) Oil-Immersion Tests—Tentative Methods of Test for 
Changes in Properties of Rubber and Rubber-Like Materials in 
Liquids (ASTM D 471) using the procedure described in Section 
10c of D 471 with the following specifications: 

(1) Test Liquid: Petroleum-base oils No. 1 and 3 specified 
in ASTM D 471 shall be used. 

(2) Condenser: An air condenser shall be used in all cases. 
This condenser shall be a glass tube 30 in. in length with a 14-in. 
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TABLE 3—Physical Requirements of Synthetic-Rubber Compounds, Type S, Class SB, Oil Resistant® 


REQUIREMENTS ADDED BY SUFFIX° 
BASIC REQUIREMENTS Suffix E-3 Sufix E-1 
Sufix B 
TO bial 212K, ASTM | yocbr at 212.) ASTM Noemie 
GRADE 
no.> Oilaged 70 hr at 212F| Heat aged 70 hr at 212 F : 
Mini Mini- OOF nies oe Meenas Maximum ue 
ini , : u Li q r, 
eee | mam | ute ASSN AST SiN Masimum | Maximam | yeacimum | MAx* | change | £28982 Garometer | change in| change m Guegktyer| maxi 
hardness serene maar change in | change in | change in| com- in tensile mate | hardness | strength, \elongation,| hardness | Com- 
number ot») elonga- tensile | ultimate | 4. +ometer jon Strength,! s[onea- | (limits) ; Beron,) (limits) : 
% (limits)|% (limits)} ; 
*SB410 |40 + 5} 1000 450 |—5 +40)—20 +5) —25 —50 +20 80 | —50 | —50 |—15 +5) —25 —50 |—5 +20) 60 
*415 40 + 5) 1500 | 500 | 0 +40)\-15 +5) —25 —50 +20 80 | —50 | —50 |—15 +5) —25 —50 |—5 +20} 60 
SB505 [50 + 5} 500 300 | 0 +40/—-15 +5) —25 —50 +15 75 | —50 | —50 |-15 +5) —25 —50 |—5 +15) 50 
510 |50 + 5) 1000 350 | O +40,—-15 +5) —25 —50 +15 75 | —50 "| —50 |—15 +5) —25 —50 |—5 +15) 50 
*515 |50 + 5} 1500 400 | 0 +60)/—10 +5) —25 —50 +15 75 | —60 | —60 |—20 +5) —25 —50 |—5 +15} 50 
520 (50 + 5) 2000 400 | 0 +60;—10 +5) —25 —50 +15 75 | —60 | —60 |—20 +5| —25 —50 |—5 +15) 50 
SB605 |60 + 5) 500 200; O +40,—15 +5) —20 —50 +15 78) =40" |. 40. a5 +5) —20 —40 |—5 +15) 50 
*610 }60 + 5) 1000 250 | O +40—15 +5) —20 —50 +15 75 | —40 | —40 |—15 +5; —20 —40 |--de- lou 
*615 60 + 5) 1500 300} 0 +50;—10 +5) —20 —50 +15 75 | —50 | —50 |—20 +5) —20 —40 | —5 = Elbloe 
620 |60 + 5) 2000 350 | 0 +50;—10 +5) —20 —50 +15 75 | —50 | —50 |—20 +5} —20 =40 |—5) =F hoa 
625 |60 + 5) 2500 350 | 0 +50/—10 +5) —20 —50 +15 75 | —50 | —50 |—20 +5) —20 —40 |—5 +15) 50 
SB705 |70 + 5] 500 150 | 0 +35)—-15 +5) —20 —50 +15 75 | —40 | —40 |—-15 +5) —20 —40 |—5 =215iS0 
710 |70 + 5} 1000 200 | O +85)/—15 +5} —20 —50 +15 75 | —40 | —40 |—15 +5) —20 —40 | — SETS od 
*715 |70 + 5} 1500 250 | O +40,—10 +5) —20 —50 +15 75 | —40 | —40 |—15 +5} —20 —40 |—0 = aloeoo 
720 \70 + 5) 2000 250 | O +40/—-10 +5) —20 —50 +15 75 | —40 | —40 |-15 +5) —20 =40 |—5ETsieDo 
725 \70 + 5) 2500 300 | 0 +40;,—10 +5) —20 —50 +15 75 | —40 | —40 |—15 +5} —20 —40) |--b)-alomoe 
730 \70 + 5) 3000 300 | 0 +40,—10 +5) —20 —50 +15 75 | —40 | —40 |—15 +5) —20 —40 |—5 +15) 50 
SB805 |80 + 5) 500 100 | O +80;—15 +5} —20 —50 +15 75 | —40 | —40 |-10 +5) —20 —40 \=6 =a ao 
810 |80 + 5) 1000 100 | 0 +380,—15 +5) —20 —50 +15 75 | —40 | —40 |—10 +5) —20 —40 |—5 -F15) 590 
*815 |80 + 5] 1500 125 | 0 +30,—10 +5) —20 —50 +15 75 | —40 | —40 |—10 +5) —20 —40 |—5 +15} 50 
820 |80 + 5) 2000 125 | 0 +380/—10 +5) —20 —50 +15 75 | —40 | —40 |—10 +5) —20 —40 |—d-FE 1b) a0 
SB905 |90 + 5! 500 50 | O +25)—10 +5) —20 —50 +10 75 | —40 | —40 |—10 +5) —20 —40 "|= 5 Ono 
*910 |90 + 5) 1000 100 | 0 +25/—-10 +5) —20 —50 +10 75 | —40 | —40 |—10 +5) —20 —40 |—5 --10) 50 
915 |90 + 5) 1500 100 | 0 +25/-10 +5) —20 —50 +10 75 | —40 | —40 |—10 +5) —20 —40 |—5 +10) 50 


* See Section 7 for methods of testing. 


The compounds marked with an asterisk are those which are most commonly used. It is suggested that these compounds be specified when possible. 


© See Section 3. 


bore fitted tightly to the immersion tube by means of a cork 
stopper. The bottom of the condenser tube shall project 14 in. 
below the stopper. 

(3) Volume of Liquid: The test tube prescribed in ASTM 
D 471 shall be three-quarters full of liquid after the test speci- 
mens are immersed. 

(4) Tensile Strength: The tensile strength of the specimen, 
after removal from the liquid, shall be calculated on the original 
unaged cross-sectional area and not according to the formula 
given in Section 2c of ASTM D 471. 

(5) Durometer Hardness: Immediately after removal of the 
specimen from the cool liquid and after drying as specified, the 


durometer hardness number shall be determined in accordance 
with ASTM D 676, and the change from the original durometer 
hardness number noted. 

(g) Staining Tests—The staining property shall be determined 
by ASTM D 925—47T. 

(h) Resilience—This property shall be determined by ASTM 
D 945—48T. 

8. Sampling and Inspection 

(a) A lot, unless otherwise specified, shall consist of all products 
of the same composition and same grade submitted for inspection 
at the same time. 

(b) When proof of conformance with these specifications is 
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TABLE 4—Physical Requirements of Synthetic-Rubber Compounds, Type S, Class SC, Oil Resistant* 


BASIC REQUIREMENTS a REQUIREMENTS ADDED BY SUFFIX® 
Oil aged 70 hr at 212 F Heat aged 70 hr at 212 F Suffix E-3 Suffix E-1 
| Suffix B 
We ASTM ASTM ; 22 hr 70 hr at 212 F, 70 hr at 212 F, 
oe Mini- No. 3 oil No. 1 oil at ASTM No. 3 oil ASTM No. 1 oil 
aa Durom- ae rae ' ! 158 F, 
h ee tensile | mate nor eae Maximum pees r . 
number. |sttength, | elonga- eneiie” | ‘ultimate | Change in| [om | Maximum | MAX | Maximum | Yum4m | Change | 7,p et 
pei | tony | Volume | Volume | strength, lelongation,| {iordnese Pression] Changs in | ultimate | Charge J" | ultimate | gurcmeter| maximum 
: (limits) — (Gunite % % set, % strength, ee strength, ee hardness | COMPres- 
G oh. hb | Mimits) | 194,5b 
SC405| 40 + 5} 500 300 |+60 +120 +15 —15 —40 +20 65 —75 —55 —20 —30 +10 70 
410; 40 + 5) 1000 400 +60 +120 +15 —15 —40 | +20 | 65 —75 —55 —20 —30).|| =10 70 
*415) 40 + 5) 1500 500 |+60 +120; +15 —15 —40 +15 65 —75 —55 —20 —30 +10 70 
*420| 40 + 5} 2000 500 |+80 +140) —5 +15) —15 —40 +15 60 —80 —5b5 —30 —30 +10 70 
425) 40 + 5} 2500 500 |+80 +140) —5 +15} —15 —40 +15 60 —80 —55 —30 —30 +10 70 
SC505| 50 + 5| 500 300 |+50 +100 +15 —15 —40 +20 60 —70 —55 —30 —30 +10 65 
510) 50 + 5} 1000 300 |+50 +100 +15 —15 —40 +20 60 —70 —55 —30 —30 +10 65 
_ *515) 50 + 5} 1500 350 |+60 +110; —10 +15) —15 —40 +15 60 —70 —55 —30 —30 +10 65 
*520) 50 + 5) 2000 400 |+70 +120) —5 +15) —15 —40 +15 50 —70 —55 —30 —30 +10 65 
525) 50 + 5} 2500 450 |+80 +1380) —5 +15) —15 —40 +15 50 —70 —55 —40 —30 +10 65 
530) 50 + 5) 3000 500 |+80 +140; —5 +15) —15 —40 +15 50 —80 —55 —40 —30 +10 65 
535) 50 - 5) 3500 500 +90 +150' —5 +15) —15 —40 +15 50 —80 —55 —40 —30 +10 65 
-' $C605| 60 + 5) 500 300 |+50 +100) —10 +15) -—15 —40 +20 50 —65 —55 —30 —30 +10 65 
| / *610) 60 + 5) 1000 300 |+50 +100) —10 +15) —15 —40 +15 50 —65 —55 —30 —30 +10 65 
| *615) 60 + 5) 1500 350 |+60 +110) —5 +15) —15 —40 +15 50 —65 —55 —30 —30 +10 65 
*620| 60 + 5} 2000 350 |+60 +110; —5 +15) —15 —40 +15 50 —65 —55 —30 —30 +10 65 
) 625) 60 + 5) 2500 400 |+70 +120) —5 +15) —15 —40 +15 50 —70 —55 —30 —30 +10 65 
630) 60 + 5) 3000 400 |+80 +140) —5 +15) —15 —40 +15 50 —80 —55 —40 —30 +10 65 
] 635) 60 + 5} 3500 400 |+90 +150/ —5 +15) —15 —40 +15 50 —80 —55 —40 —30 +10 65 
) ¥ SC705| 70 + 5) 500 200 |+50 +100) —5 +15) —15 —40 +15 50 —65 —50 —15 —30 |—5 +10) 65 
) | *710} 70 + 5| 1000 | 200 |+50 +100) —5 +15) -—15 | —40 +15 50 —65 —50 —15 —30 |-—5 +10) 65 
*715| 70 + 5| 1500 250 |+50 +100; —5 +15) —15 —40 +15 50 —65 —50 —15 —30 |-—5 +10, 65 
) 720) 70 + 5) 2000 300 |+50 +100; —5 +15) —15 —40 +15 50 —65 —50 —15 —30 |-—5 +10 65 
725| 70 + 5} 2500 300 |+70 +120) —5 +15) —15 —40 +15 50 —70 —50 —20 —30 |—5 +10) 65 
i 
$0805| 80 + 5! 500 | 100 |+30 +80) —5 +15) -15 | —40 | +15 | 45 | —45 | —380 | —15 | —80 |—5 +10) 65 
810! 80 + 5| 1000 | 100 |+30 +80| —5 +15] -15 | —40 | +15 | 45 | —45 | —30 | -15 | -—30 |—5 +10, 65 
#*315| 80 + 5| 1500 | 100 |+30 +80| —5 +15) -15 | —40 | +15 | 45 | —45 | -80 | —15 | -—80 |—5 +10) 65 
$20] 80 + 5| 2000 | 150 [+30 +80| —5 +15) -15 | —40 | +15 | 45 | —45 | —30 | —15 | —80 |-5 +10) 65 
= sco905| 90 + 5| 500 | 50 |120+70| —5 +15} -15 | —40 | +10 | 45 | -40 | -20 | -—15 | —30 +5 65 
» *910| 90 + 5| 1000 | 100 |+20 +70| —5 +15] —15 | —40 | +10 | 45 | —40 | —20 | ~15 | —30 +5 | 65 
915| 90 4 5| 1500 | 150 |+20 +70) —5 +15, —15 | —40 | +10 | 45 | —40 | —20 | —15 | —30 +5 65 
920] 90 + 5| 2000 | 150 |+20 +70} —5 +15, -15 | —40 | +10 | 45 | —40 | -20 | -—15 | -30 | +5 | 65 


) See Section 7 for methods of testing. | ; ; ; ; 
The compounds marked with an asterisk are those which are most commonly used. It is suggested that these compounds be specified when possible. 


© See Section 3. 
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wl || required, the manufacturer shall, upon request of the purchaser according to ASTM D 15 as described in Section 6a. They shall 
at the time of ordering, furnish a sufficient number of test slabs be guaranteed to have equivalent cure and to be from the same 


™M HIF to perform the required tests. These samples shall be prepared run or batch of compound used in the lot. 
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Coolant-System Hoses (SAE R 20) 


SAE Standard 


Report of Nonmetallic Materials Division approved January 1944 and last revised by Nonmetallic Materials Technical Committee January 1949. 


[This SAE Standard was formulated in 1944 under the SAE- 
ASTM Technical Committee on Automotive Rubber. It has 
been used as a guide in the selection of suitable materials for 
use in military and commercial vehicles and passenger cars. For 
the purposes of simplification, coolant hoses are divided into four 
types as follows: 

Part I—Severe, Heavy-Duty Type—for service such as combat 
vehicles and heavy-duty trucks. 

Part II—Moderate-Duty Type—for less exacting service such as 
commercial and passenger vehicles. 

Part II I—Heater Hose—for standard service. 

Part IV—Curved Hose Connections—for service similar to either 
Part I or II. 

In accordance with customary procedure in adopting recommen- 
dations of this Technical Committee, these product specifications for 
coolant hose have been approved by the SAE, and all test methods 
and requirements are specified in accordance with ASTM standards. 

This Standard is under revision. In the course of revision, refer- 
ences will be brought into agreement with the latest revision of the 
SAE Standard on Classifications and Physical Requirements for 
Rubber Compounds, first published in this edition of SAH Hand- 
book. Meantime, references in this Standard refer to parts of the 
Standard on Classifications and Physical Requirements for Rubber 
Compounds as published in the 1950 SAE Handbook.| 

General Requirements 

Sampling—On orders of 500 to 10,000 ft, or of more than 
2000 pieces, a representative sample of sufficient size to permit 
one complete test against the specification shall be selected to 
determine conformance with the requirements of the specifica- 
tion. 

No tests shall be required on orders of less than 500 ft or less 
than 2000 pieces, but materials and workmanship on such orders 
shall be the same as on hose tested to the specification. 

Workmanship and Finish—Workmanship and finish shall be in 
accordance with high-grade commercial practice covering this 
class of work. 

Packing, Marking, and Shipping—Details of packing, mark- 
ing, and shipping are subject to individual arrangements between 
the consumer and producer. 

Retests and Rejections—Any hose which fails in one or more 
tests shall be resampled and retested, for which purpose two 
additional samples shall be selected from the lot for the test or 
tests that failed to meet the requirements. Failure of either of 
the retested samples shall be cause for final rejection. 

Length Tolerances, Straight Hose Only—Unless otherwise spe- 
cified, the length tolerances shall be as follows: 


LENGTH, IN. TOLERANCE, IN., PLUS OR MINUS 
To and including 12............. Ve 
Over 12 and including 24........ XK 
Over heise eee ae ZA 


11950 SAE Handbook. See also ASTM D 735—43T, 
2,3 ASTM D 380—40T, Section 5b. 
4ASTM D 380—40T, Section 4c. 


Finish on Connections—Users of coolant hose should take 
every precaution to obtain connections with as smooth a finish 
as possible. 


Part I—Severe, Heavy-Duty Type (SAE R 21) 


This type of hose requires the use of oil-resisting synthetic 
rubbers throughout to insure satisfactory performance in event 
oils, kerosene, or similar materials are added. to the cooling sys- 
tem. The hose will-suffer no serious damage on coming in con- 
tact with oils externally. It represents the best hose available for 
critical, severe, and heavy-duty service. 

A—Scope—This type of hose is primarily for severe, critical, 
and heavy-duty service of which the diesel-locomotive applica- 
tion is a typical example. The hose is intended to withstand the 
effects of pressure systems, various present types of coolants, 
cold temperatures down to minus 40 F, and unskilled applica- 
tion to connections not particularly designed for ease of assem- 
bly with the hose. 

Compounds based on two different synthetic rubbers are spe- 
cified and designated Classes SB and SC. The requirements coin- 
cide insofar as possible with the SAE Standard Classifications 
and Physical Requirements for Rubber Compounds.! The tube, 
friction, and cover compounds in any one hose shall be based on 
one class of synthetic rubber, either SB or SC. 

B—Construction 

1. Tube—Minimum thickness shall be 0.062 in.” 

2. Reinforcement—The reinforcement shall be multiple plies of 
square woven or cord fabric, or ply or plies of braided or knitted 
yarn, and shall be such that the hose meets the minimum burst 
requirements in Table 1, Section 7 and in Table 2. 

3. Cover—Minimum thickness shall be 0.032 in., measured as 
the thickness from the reinforcement out.$ 

4. Dimensions—Two grades of hose are specified, one having 
a light wall and the other a heavy wall. The light-wall thickness 
shall be 1464 in. minimum and 7%, in. maximum. The heavy- 
wall thickness shall be 1564 in. minimum and %» in. maximum. 
These dimensions shall be measured at a section not including a 
lap. The designation for the two grades shall be “light wall” 
and “heavy wall” respectively. 

Tolerances on inside diameter shall be plus or minus M4 in. 
for diameters through 34 in.; plus %4 and minus Mp in. for 
diameters over 34 and through 2 in.; plus or minus M%, in. for 
diameters over 2 in.4 

C—Physical Tests—Tests shall be performed on sections and 
parts from the finished hose, the preparation of test samples to 
be in accordance with ASTM D 380. 


Part II—Moderate-Duty Type (SAE R 22) | 


A—Scope—This type of hose is for moderate duty or normal 
service. Class RN is intended for moderate service and Class 
RS is intended for normal service. Provision is made for the use 
of Class SC compounds where an oil-resistant tube is required 
for less severe service than would be required of the heavy-duty 
type (Part I of this Standard). 

(Note—When desired, hose with one class of material in the 
tube and another in the cover may be obtained; for example: 
Class SC tube and Class RN cover. In such cases the physical 
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TABLE 1—Test Requirements for SAE R 21 


| lower value is specified.) 
} B—Construction 


__ requirements listed in Table 3, Section 7. 


5,6 ASTM D 380—40T, Section 5b. 
7 ASTM D 380—40T, Section 4c. 


1. Tube—Minimum thickness shall be 0.062 in.® 
2. Reinforcement—The reinforcement shall be multiple plies of 
Square woven or cord fabric, or ply or plies of braided or knitted 
yarn, and shall be such that the hose meets the minimum burst 


properties specified for the respective parts shall apply. Adhesion 
requirements shall be based on the class of material for which the 


3. Cover—Minimum thickness shall be 0.032 in., measured as 
the thickness from the reinforcement out.°- 
4. Dimensions—Two grades of hose are specified, one having 


ciass SB ciass SC 
REFER PART 
Tube Cover Tube Cover 
. Original Properties 
SD UTOMELEL eek eer tks kien ee Sole V-2 55 to 75 _ 55 to 75 — 
Desvensiles psi, mings... ci... V-3 1250 1000 1250 1000 
c—Hlongation, %, min...<.:...5..... V-3 250 225 250 225 
[eee 
2. Oven Aging (Change).............4-.. V-4 
a—Durometer, points:....)........... 0 to +20 — 0 to +20 — 
Domebenniles GosMax>...... 1... lacd es —20 —20 —15 —15 
| c—Elongation, %, max...........0... —60 —60 —50 —50 
| 3. Ott Immersion (Change).............. V-5 ; 
| Pet VOlUMe OG nee. Oo clea ee vocal. —5 to +25 —5 to +25 50 to 100 50 to 100 
| De bensiler%5. Max: os ane ee —20 —20 —60 —60 
|| 4. Coolant Immersion (Change).......... V-6 
| osWihniny, Gin = 2h a3 ae eee er 0 to 20 = 0 to 20 — 
| feb -Durometer, points............06..- —10 to +10 — —20 to +10 — 
| e—Wensile no, MAK... scl. cae oe lest —20 — —30 — 
ie d—Hlongation, %, max.............. —40 — —40 _ 
WG. Adhesion (psi)....8. 022.00... eee V-7 
| ees Pube toryply, Min. ... 4.0.6.6. cece. 12 _ 12 —_ 
pe Doty ALOnpliya IMU <rs. See. ova es at 12 _ 12 — 
| meorCold Mlercbiluty. 2... V-8 The tube and cover of classes SB and SC shall pass the cold flexibility 
{ test at —40 F. 
Be Sursinrtns er kee rei. At v-9 See Table 2. 
\ t 
| 
| 
| TABLE 2—Minimum Burst-Test Values, Psi a light wall and the other a heavy wall. The light-wall thickness 
1 shall be 144 in. minimum and 7%,» in. maximum. The heavy 
| INSIDE INSIDE hb tse . rh 
| DIAMETER, | LIGHT WALL | HEAVY WALL || DIAMETER, | LIGHT WALL | HEAVY WALL wall shall be 1564 in. minimum and %o in. maximum. These 
és i dimensions shal] be measured at a section not including a lap. 
34 475 is 1 200 450 The designation for the two grades shall be “light wall” and 
\ Us 425 “i 1% 175 400 “heavy wall” respectively. 
5 360 = 2 150 350 Tolerances on inside diameter shall be plus or minus Ma in. 
m 4 325 — 244 125 350 for diameters through 34 in.; plus }é4 and minus 142 in, for diam- 
ie 1 275 — 24 100 300 eters over 34 and through 2 in.; plus or minus 9 in. for diam- 
ie 1% 250 = 234 90 250 eters over 2 in.” 
'S 1% 225 500: cet 75 250 C—Physical Tests—Details for laboratory tests are shown 
is under Part V, Physical Test Procedures. Tests are intended to 


be performed on sections and parts from the finished hose, the 
preparation of test samples to be in accordance with ASTM 
D 380. 


Part I1I—Heater Hose (SAE R 23) 


A—Scope—This type of hose is used in connecting hot-water 
heaters into the coolant circulating systems of ground vehicles. 
Class RN is intended for moderate service and Class RS is in- 
tended for normal service. Provision is made for the use of Class 
SC compounds where an oil-resistant tube is required. 

(Note—When desired, hose with one class of material in the 
tube and another in the cover may be obtained; for example: 
Class SC tube and Class RN cover. In such cases the physical 
properties specified for the respective parts shall apply. Adhesion 
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TABLE 3—Test Requirements for SAE R 22 


crass RS cLass RN 
REFER PART cLass SC TUBE 
Tube Cover Tube Cover 

1. Original Properties 

a= Durometersc.... oo. see iene oe ee usalehe V-2 55 to 75 55 to 75 —_— 55 to 75 _ 

b—Tensile; psig min... eed... ese eee V-3 800 800 500 400 

c—Mlongation, [minions ..--- senha che ee V-3 250 225 175 150 
2 OvenvAgung: (Change) snc. se ee tee V-4 

a—Durometer, points...........-0000eee eee 0 to 20 0 to 20 — 0 to 15 = 

b— Tensile; 07 maxes teeters cect se Saal —15 —20 —20 —25 —25 

C—Bilongation 195 Makan. orem Geet —50 —60 —60 —50 —50 
a..Oul Immersion (Change) nda. eee ae eee V-5 

‘a Volumes 5. aac a) Aaah CRIs cup 50 to 100 —_ _— — — 

p— Tensile, 9, max... .eagarke cs ee see ee ee —60 — _ — _ 
4. Coolant Immersion (Change).............+-. V-6 : 

a= Volume; i963) mMax: Majo. cee ee cee 0 to 25 0 to 25 = 0 to 20 = 

b—TensilexG5 si a xe pee Ghent cite ee —30 —=40 — —50 — 

clone atlonnigG, ma xenneats steer —40 —40 — —40 a 
OA diteS2 OFA (MSD) keecaty aonecea eat vse oe a ree V-7 

a— Dube stomp ly jl... A eran ceria 10 _ 8 _— 

b—Plystorply; MMs: ation. ca te eecieiee sr: 12 — 8 = 
OM COLduleriUcli ii tera toaeieoe ee eee: V-8 The tube and cover of all classes shall pass the cold flexibility test 

at —40 F. 
Thee. d BYERS Ae BOR CN 2 ay SRN ral na Oe ota V-9 
Minimum burst values See Table 2. 


® See note under Part II, Section A—Scope. 


requirements shall be based on the class of materia] for which 
the lower value is specified.) 

B—Construction 

1. Tube—Minimum thickness 0.062 in.® 

2. Reinforcement—The reinforcement shall be multiple plies of 
wrapped fabric, or ply or plies of braided or knitted cotton yarn 
and shall be such as to meet the minimum burst requirements in 
Table 4, Section 6. 

3. Cover—Minimum thickness 0.032 in.® 

4. Dimensions—This hose shall be made in a nominal 5¢-in. 
inside diameter by 15{6-in. outside diameter. The tolerance on 
inside diameter shall be plus M4 in. and minus 364 in., and on 
outside diameter shall be plus or minus 14» in.! 

C—Physical Tests—Details for laboratory tests are shown 
under Part V, Physical Test Procedures. Tests are intended to be 
performed on sections and parts from the finished hose. The 
preparation of test samples is in accordance with ASTM D 380. 


Part IV—Knitted or Braided Curved Hose 
Connections (SAE R 24) 


A—Scope—This part covers curved hose connections for cir- 
culating systems of ground vehicles. Classes SC, RS, and RN 
8.9 ASTM D 380—40T, Seetion 5b. 


10 ASTM D 380—40T, Section 4c. 
ul, 12 ASTM D 380—40T, Section 5b. 


only are covered in this application. Class SC is recommended 
for severe, heavy-duty service; Class RS, for moderate-duty 
service; and Class RN, for the most moderate service. Curved 
hose connections produced from plies of square woven fabric 
should conform to Parts I or II of this Standard. 

(Note—When desired, hose with one class of material in the 
tube and another in the cover may be obtained; for example: 
Class SC tube and Class RN cover. In such cases the physical 
properties specified for the respective parts shall apply. Adhesion 
requirements shall be based on the class of material for which 
the lower value is specified.) 


B—Construction 

1. Tube—Minimum thickness 0.062 in.™ . 

2. Reinforcement—The reinforcement shall consist of one or 
more plies of knitted or braided cotton yarn and shall be such 
that the hose will meet the minimum burst requirements in 
Table 5, Section 7. 

3. Cover—Minimum thickness 0.032 in.!* 

4. Dimenstons—One grade of hose shall be specified having a 
wall thickness of 1464 in. minimum and 72 in. maximum. On 
hose with expanded or enlarged ends, the wall thickness ean be 
542 in. minimum. 

Tolerances on the inside diameter shall be plus or minus }4. in. 


C—Physical Tests—Tests shall be performed on sections and 
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Part V—Physical Test Procedures 


1. Specification for Immersion Liquids 
(a) Aleohol—Special denatured alcohol Grade No. 1 or an 


equivalent mixture. 


48 ASTM D 471—48T, Table 1. 


1. Original Properties 
S—DIULOMCLEL. scence ees s 
b—Tensile, psi, min........ 
c—Elongation, %, min...... 


2. Oven Aging (Change)........ 


a—Durometer, points....... 
_b-Tensile, %, max........ 
c—Elongation, %, max..... 


3. Oil Immersion (Change)..... 


S— Volume, %.... . cee 
' b—Tensile, %, max......... 


4. Coolant Immersion (Change) . 


B—VOlUmMes Voki cieni occ ss. 
b—Tensile, %, max......... 


Mp Adhesion, (p8t)..........065 
Tube to ply, min......... 


. Burst 


| 


cLass SC cLass RS cLass RN 
REFER PART 
Tube Tube Cover Tube Cover 
BOP OINAL ET OPETVES ne vc woes a odes ne eee es V-3 
HESONSUEMSIG INI eo clots lcs lessees 800 800 800 500 400 
b—Hlongation, %, Minw. ie)... 250 250 225 175 150 
1) DAMOVENEA GING (CHANGE). cc ccsceecniccrsrnees VA 
MeCN SIO O pe RINAX 4 o)5 ca olan ihsfave ele bal dacs —15 —20 —20 —25 —25 
b—Elongation, %, max...............0.05. —650 —60 —60 —50 —50 
8. Coolant Immersion (COD oon none V-6 
>; = Voli, WA ie ee ee 0 to 25 0 to 25 — 0 to 20 — 
{nS MEVRRSHIGY, Gj SOT ee Sie Acne Oe ae eee —30 —50 — —50 — 
et, Adhesion (pet)... eect V7 
| SB —apextomplyymin’. o.oo. 2 ese — 6 -~ 4 -— 
geet VMDONDliyApIRID irre en cie tte 75 Wale al See wae — 6 — 4 — 
| +B. OGL BilemIb iol ama dna riNeeh Dey pM eee aah 5 V-8 The tube and cover of all classes shall pass the cold flexibility test 
2 | at —40 F. 
Thy SEO RT AY Lo. dl Cee ee vV-9 
Minimum All classes, 140 psi. 


; } parts from the finished hose. The preparation of test samples 
are to be in accordance with ASTM D 380. 


(b) Oil—ASTM No. 38 Oil.!8 
(c) Ethylene Glycol—This shall be what is termed “Refined 
Grade of Ethylene Glycol” and shall conform to the following 
requirements: 
Acidity—Not more than 0.01% as acetic acid. 
Specific Gravity—1.1150 to 1.1158 at 20 C. 


Color—Water 


white. 


Boiling Range—(760 mm) above 210 C, none; below 190 C, 


TABLE 5—Test Requirements for SAE R 24 


. Cold Flexibility............. 


ciass SC ciass RS ctass RN 
REFER PART 
Tube Cover Tube Cover Tube Cover 
V-2 60 to 80 _ 60 to 80 — 60 to 80 — 
V-3 1000 800 800 400 = nD 400 
V-3 200 150 200 150 150 150 
V-4 
0 to 20 —_— 0 to 20 — 0 to 15 — 
—15 —25 —20 —25 —25 —25 
—50 —55 —55 —60 —55 —50 
V-5 
50 to 100 50 to 100 —_ _ — aa 
—60 —60 — — a = 
V-6 
0 to 25 _ 0 to 25 — 0 to 30 — 
—30 — —50 — —50 _ 
V-7 ; 
10 _ 8 — 6 = 
V-8 The tube and cover of all classes shall pass the cold flexibility test at —40 F. 
V9 90 psi for sizes to and including 114 in. ID, and 80 psi for 134 in. ID. 
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none; below 195 C, not more than 5%; below 202 C, not less 
than 95%. 

Water—Not more than 0.5% by weight. 

Ash—Not more than 0.005 gm per 100 ce. 

Odor—Mild, nonresidual. 

Average Weight—9.28 lb per gal at 20 C. 

2. Durometer Hardness—This is to be measured with an in- 
strument according to Proposed Tentative Method of Test for 
Indentation of Rubber by Means of the Durometer, except 
that the reading shall be made immediately. Tests shall be made 
on not less than 14-in. thickness to be made up by laying to- 
gether smoothly buffed layers of the compound. 

3. Tensile (Elongation)—Test according to ASTM D 380, 
Sections 8, 9, 10, and 11. The maximum per cent change in 
elongation shall be applied as a percentage of the actual original 
per cent elongation determined for the particular sample. Ex- 
ample: If the original requirement is 250% minimum elonga- 
tion, and the maximum per cent change permitted in elongation 
after oven aging is —60, and if the actual original elongation of 
the material is found to be 350%, then the minimum elongation 
permitted after the aging test is 140%. 

4. Oven Aging—This shall conform to the SAE Standard Clas- 
sifications and Physical Requirements for Rubber Compounds, 
Oven Aging™ except that test specimens shall be prepared in 
accordance with ASTM D 380, Section 9. The aging conditions 
are 70 hr at 212 F in circulating air for Classes SB, SC, and 
RS; and 70 hr at 158 F in circulating air for Class RN. 

5. Oil Immersion—Test to conform to the SAE Standard 
Classifications and Physical Requirements for Rubber Com- 
pounds,!® Liquid Aging, except that the test specimens shall be 
in accordance with ASTM D 380, Section 23a in the case of the 
volume-change test, and with ASTM D 380, Section 9 in the 
case of the strength-deterioration test. 

Three tensile-test samples and two volume-change samples 
shall be placed in a glass test tube having an outside diameter 
of 38 mm and an overall length of 300 mm fitted tightly with a 
cork stopper and a reflux condenser. The tube shall be three- 
quarters full of test fluid. The test shall be run for 70 hr at 212 F. 

The tensile strength of the specimens after removal from the 


4 ASTM D 676—42T. 
15 1950 SAE Handbook, SAE Standard Classifications and Physical Requirements 
or Rubber Compounds, Methods of Test, Oven Aging. See also ASTM D 735—43T, 
ection 8f. 
16 1950 SAE Handbook, SAE Standard Classifications and Physical Requirements 
et ene Compounds, Methods of Test, Liquid Aging. See also ASTM D 735—48T, 
ection 8; 
17 1950 SAE Handbook, SAE Standard Classifications and Physical Requirements 
for Rubber Compounds, "Methods of Test, Low Temperature Brittleness. See also 
ASTM D 736—48T. 


liquid, ASTM D 471, Section 9c, shall be calculated on the 
original unaged cross-sectional area and not according to the 
formula given in Section 10c of ASTM D 471. Measurement and 
calculation of volume change shall be in accordance with Section 
8a and 10a, ASTM D 471. 

6. Coolant Immersion—Per cent swell, tensile, and durometer 
shall be observed after 70-hr immersion in the following mixture 
maintained at the boiling point under a water-cooled reflux con- 
denser: 

1g by volume, distilled water 
1g by volume, alcohol (see Part V, Section 1a) 
1g by volume, ethylene glycol (see Part V, Section 1c) 

All other details of test are the same as under Part V, Sec- 
tion 5. 

Test specimens shall be in accordance with ASTM D 380, 
Section 23a in the case of the swelling test, and Section 9 in the 
case of the strength-deterioration test. Measurements of tensile 
and durometer shall be made in accordance with the standard 
ASTM D 471, Section 9 and measurements of volume change 
in accordance with Section 9a of the same reference. 

7. Adhesion—Test according to ASTM D 413, Sections 6 and 
7b. Wrapped fabric hose is to be separated one ply from the 
adjacent part. Braided or knitted constructions may be sepa- 
rated as two or more plies from the adjacent part. In Part IV, 
the adhesion values apply to rubber-to-rubber contacts only. 

8. Cold Flexibility—The following procedure is in accordance 
with the SAE Standard Classifications and Physical Require- 
ments for Rubber Compounds.1” 

(a) Time of exposure to low temperature to be 5 hr. 

(b) Temperature, minus 40 F. 

(c) Medium, dry air. 

(d) Specimens 4 x 0.25 x tube or cover thickness, or 0.10 in. 
maximum. The specimen shall be placed in an unrestrained loop 
position between two jaws 2 in. wide and 234 in. apart. After 
cold-temperature exposure and while still in the cold chamber, 
the jaws shall be rapidly brought together until they are 1 in. 
apart. The specimen shall not fracture and shall not show any 
cracks, checks, or breaks. 

9. Burst—This test shall be performed on a straight length 
for Parts I, II, and III in accordance with ASTM D 380, Sec- 
tions 15, 16, and 17, except that the length tested shall be 10 in. 
with 8 in. of free length. 

For Part IV, the same reference applies, except that the test 
shall be performed on the individual curved connections with 
one end free and unrestrained and the rate of application of pres- 
sure shall be not less than 300 nor more than 1000 psi per min. 
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Fuel and Oil Hoses 
(SAE R 30) 


| [This SAE Standard was formulated by SAE-ASTM Technical 
' Committee on Automotive Rubber.] 
| Coupled Metal-Lined Hose (SAE R 31) 


Scope—This specification covers one type and one style of 
| hose assemblies for use with gasoline, oil, or diesel fuel. 


| Hose Construction—The hose shall consist of a flexible spiral 
metal line of narrow profile with interlocking edges. The sealing 
layer shall be either a suitable rubber or synthetic compound. 
The reinforcement shall be one or more plies of braided cotton 
or other suitable material. The reinforcement shall be protected 
|| by a flexible lacquer or cement. Dimensions and tolerances are 
_ listed in Table 1. 


TABLE |—Dimensions and Tests for SAE R 31 


| { DIAMETERS, IN. Bescres, por sek ‘arate aera eat 
4 PRESSURE, TEST, LB DIAMETER, 
Inside Outside Air Water oe aN 
Bho 0.395 15 100 700 100 4 
0.425 
| 46 0.410 15 100 700 125 5 
| 0.440 
| 
| 
} Yy 0.480 | 15 100 700 150 6 
| 0.515 \ 
| 
| ee 0.561 | 15 100 700 150 7 
| 0.596 
| 
| 3 0.690 | 15 100 700 150 8 
; 0.730 


Types of Tests—The hose assemblies shall be subjected to 

_ two types of tests: qualification and inspection. 
Qualification Tests—Ten hose assemblies shall be submitted 
| for qualification. The following qualification tests shall be per- 
formed: (1) leakage unaged assemblies; (2) burst-pressure test; 
(3) tensile strength aged assemblies; (4) cold flexibility test 
(aged and unaged); (5) vibration test; (6) corrosion test (hose 
| and fittings). 
| Inspection Tests—The inspection tests are as follows: (1) 

_ visual inspection; (2) proof-pressure test; (3) tensile test; (4) 
| burst-pressure test; (5) swelling test. 
Retests and Rejections—Any lot of hose assemblies which fail 
' in any test shall be resampled and retested. Twice as many sam- 
|| ples shall be selected. Failure of the hose assemblies on the retest 
_ shall be cause for final rejection. 

Methods of Testing—Qualification Test 
_ Leakage Test—All the assemblies shall be held for one to three 
_ minutes under air pressure of 15 psi or hydrostatic pressure of 
| 100 psi. If air is used the assemblies shall be tested immersed in 
_ water. There shall be no leakage. 
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SAE Recommended Practice 


Burst-Pressure Test—Two assemblies shall be submitted to 
hydrostatic pressure which shall be increased at the rate of 5000 
psi per min until failure occurs. The hose shall not burst or the 
fittings leak or blow off at pressures lower than those listed as 
minimum in Table 1. 

Tensile Test—Two assemblies shall be aged for 70 hr in an 
oven, the temperature of which is 212 + 2 F, cooled to room 
temperature, and tensile tested. The assemblies shall be kept 
filled with ASTM Test Oil No. 3 during the aging period. The 
rate of movement of the jaws shall not be greater than 4 in. 
per min. The assemblies shall not fail or the fittings pull off at 
less than the minimum value in Table 1. 

Cold Flexibility Test—Two assemblies shall be held for 70 hr 
in an oven at 212 + 2 F. The assemblies shall be kept filled with 
ASTM test oil. After aging, the samples shall be allowed to cook 
to room temperature, and then placed in a cold box and held 
for 5 hr at —40 F. The assemblies shall be bent around a man- 
drel, the diameter of which is given in Table 1, in one-half sec- 
ond. There shall be no cracking of the sealing layer as indicated 
by testing hydrostatically at 100 psi. 

Vibration Test—Two coupled assemblies shall be placed in a 
vibration-testing machine and subjected to the following test for 
a minimum of 50 hr: 

Length of sample: 8 in. minimum 
Frequency of vibration: 1100 cpm + 10 cycles 
Total amplitude: 1546 in. 
Arrangement: 114 in. offset at 90 deg to direction of stroke 
Initial slack: 346 in. 
During the test either ASTM Test Oil No. 1 or 3 shall be cir- 
culated through the hose at a temperature of 250 F and 45 psi. 

Corrosion Test—The corrosion test shall be conducted accord- 
ing to ASTM B 117 and the period shall be 48 hr. There shall 
be no evidence of corrosion or other deterioration at the expira- 
tion of this test. Continuous visible leakage shall be considered 
as a failure. 

Methods of Testing—Inspection Test 

Visual Inspection—All assemblies shall be inspected to see 
that the correct fittings are properly applied. 

Proof-Pressure Test—5% of each lot of assemblies shall be 
subjected to the proof-pressure test. The pressures are listed in 
Table 1. There shall be no leakage. 

Tensile Test—Two assemblies shall be selected from each lot 
of 100 or more pieces up to 10,000 pieces and tensile tested. For 
lots of more than 10,000 pieces, two samples shall be selected 
for each 10,000 or fraction thereof. The assemblies shall not be 
aged. There shall be no failures at less than the minimum re- 
quirements of Table 1. 

Burst-Pressure Test—Two assemblies from each lot selected 
as stated in Inspection Tensile Test shall be burst. The failures 
shall not occur at values less than those given in Table 1. 

Swelling Test—Two assemblies shall be selected from each lot 
of 100 or more pieces up to 10,000 pieces and tested for swelling 
as follows: 

Hose shall be filled with standard test fuel SR-10 (Di-iso- 


Report of Nonmetallic Materials Division approved January 1946 and last revised by Nonmetallic Materials Technical Committee January 1949. 
| 
f 
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butylene) for a period of 22 hr at room temperature. Any evi- 
dence of visible swelling clogging the hose bore shall be consid- 
ered a failure. 


Coupled and Uncoupled Synthetic-Rubber Tube and 
Cover (SAE R 32) 


Scope—This specification covers fuel and oil hose, coupled 
and uncoupled, for automotive applications. The construction 
includes cotton reinforcement or other suitable reinforcing mate- 
rial in single- or two-braid styles or multiple plies of woven fabric. 

The hose is intended to withstand the effects of straight run 
gasoline and fuel containing up to 40% aromatics, as well as 
diesel fuels and lubricating oils. It is further required that the 
hose shall perform satisfactorily at temperatures down to —40 F 
and shall assemble satisfactorily with fittings and couplings. 

Hose Construction—T'ype 1—The construction of this hose em- 
bodies a smooth-bore tube of flexible material, reinforced with 
one braid or multiples of woven fabric, and finished with poly- 
chloroprene cover. This type is made in two styles: Style 1, 
SB Tube; and Style 2, SC Tube. 

Type 2—The construction of this hose embodies a smooth- 
bore tube of flexible material, reinforced with two braids or 
multiples of woven fabric, and finished with a polychloroprene 
cover. This type is made in two styles: Style 1, SB Tube; and 
Style 2, SC Tube. 

Dimensions—Dimensions and tolerances are shown in Table 2. 


TABLE 2—Dimensions and Tolerances for SAE R 82 


One aN TYPE I, OUTSIDE DIAM, IN. | TYPE II, OUTSIDE DIAM, IN. 
SIZE, IN. = 
Tolerance, Min Ane Min Max 
plus or minus 
a Yea 2M 3 Ko 4g 
346 Yea 2364 ‘Yeo ae) Ke 
yy Ma 2% 16 %e % 
Ho Yea ered %6 % 146 
38 764, 3164 % 146 34 
Ke Mo ae == 34 1346 
6 2 2340 23% 1346 K% 
% Vo 2% 2% 16 u 
34 Mo Me 1% 16 1 
% 40 = = 1346 1% 
1 leo 1%e 13 1% 1% 
1 Mo — a 14 154 
1% Yo = — 15g 1% 
13 Vo = = 134 1% 
14 Mae = = 1% 
15g Yo a = 2 248 
134 Vo = re 2h 244 
2 Mo = Fe 238 24 


Retests and Rejections—Any hose or assembly which fails in 
one or more tests shall be resampled and retested. Twice the 
number of specimens shall be selected from the lot in question 
for any retests, and failure of any of the retested samples shall 
be cause for rejection. 


Tests—Procedures described by ASTM D 380 are to be fol- 
lowed wherever applicable. 

Tests—Qualification Tests—For qualification tests, one 25-ft 
length or ten assemblies of each size to be qualified shall be 
furnished. Hose and hose assemblies in order to qualify under 
this specification must meet the requirements of the following 
tests: (1) contraction test followed by bursting-strength test; 
(2) vacuum collapse; (3) cold flexibility; (4) tensile and elonga- 
tion, tube and cover; (5) dry heat; (6) volume change of tube 
and cover or decrease in inside diameter; (7) adhesion. 

In addition to the above, hose assemblies shall be subjected 
to qualification tests as follows: (8) proof test; (9) tensile strength; 
(10) leakage; (11) vibration; (12) corrosion; (13) visual. 

Tests—Frequency of Testing for Inspection—On uncoupled 
hose, tests shall be conducted on samples representing each lot 
of 500 to 10,000 ft. Where a lot is 500 ft or less, no tests shall 
be conducted, but materials and workmanship shall be the same 
on such lots as on hose previously qualified under this specifi- 
cation. rT 

On coupled hose lots of from 100 to 10,000 pieces not less than 
two assemblies shall be subjected to all inspection tests except 
the visual test, which shall apply to 100% of the assemblies. 

Tests—Inspection Tests—On uncoupled hose, these inspection 
tests shall apply: (1) vacuum collapse; (2) contraction and burst; 
(3) cold flexibility; (4) adhesion. 

On coupled-hose assemblies, these tests shall apply: (5) proof 
pressure; (6) tensile strength (unaged); (7) visual (100%); (8) 
burst. 

Tests—Requirements 

Contraction Test—Tests for contraction shall be conducted in 
accordance with ASTM D 360 except that the original measure- 
ment shall be made at 0 psi pressure. The contraction shall be 
determined at the pressures specified in Table 3. Requirements 
are as follows: 

Type I: All sizes, 5% maximum. 

Type II: Up to 1-in. inside diameter hose, 8% maximum; 
1g-in. inside diameter hose and larger, 6% maximum. 

Burst Test—The minimum bursting strength shall be as spe- 
cified in Table 3. 


TABLE 3—Burst and Contraction Tests for SAE R 32 


ef MINIMUM BURST CONTRACTION-TEST 
pee tau tS TEST, PSI PRESSURES, LB 
de~andvund er ido- oc oeReenien 700 115 
Over 144 to 1 inclusive ....... 500 85 
Over 1 to 1% inclusive....... 400 65 
Over 114 to 2 inclusive....... 250 40 


Vacuum Collapse—Type 1 hose, if less than }4-in. inside. di- 
ameter, shall be subjected to 20 in. of mercury vacuum; }4-in. 
inside diameter hose shall be subjected to 10 in. of mercury 
vacuum. 

Type 2 hose, if less than 5¢-in. inside diameter, shall be sub- 
jected to 20 in. of mercury vacuum. Hose 5£- through 1-in. 
inside diameter shall be subjected to 10 in. of mercury vacuum; 
sizes greater than 1l-in. inside diameter shall be excluded from 
the vacuum test. 

During the vacuum test described for hose of Types I and II, 
a 3-ft length of hose or a hose assembly shall be held in a straight 


line, and no diameter shall decrease by more than 20% during 
application of vacuum for 15 and not over 30 sec. 

Cold Fleaxibility—Hose 34-in. inside diameter and under with 
or without couplings shall be used for this test. One sample 
shall be immersed in petroleum-base oil having an aniline point 
159 + 2 F and a Saybolt Universal viscosity of 155 + 5 sec at 
100 F for 70 hr at 212 F. The aged and unaged samples shall 
then be subjected to a temperature of —40 F for a period of 5 hr, 
after which the hose shall be flexed in the cold chamber through 


_ 180 deg from the centerline to a diameter of ten times the maxi- 


mum outside diameter of the hose. This flexing shall be within 
4 sec. The hose shall not fracture and shall not show any cracks, 
checks, or breaks in the tube or cover. This may be determined 
by reapplication of proof pressure specified in Table 3. 

Hose over 34-in. inside diameter shall have specimens 4 x 0.25 
x tube or cover thickness or 0.10 in. maximum cut from tube 
and cover. One set of samples shall be unaged. The other set of 
samples shall be completely immersed in oil for 70 hr at 212 F. 
The unaged and aged specimens shall then be subjected to a 
temperature of —40 F for a period of 5 hr, in an unrestrained 
loop position between two jaws 2 in. wide and 214 in. apart. 
At the end of 5 hr and while still in cold chamber, the jaws shall 
be rapidly brought together until they are 1 in. apart. The spec- 
imen shall not fracture and shall not show any cracks, checks, 


| or breaks. 


Tensile and Elongation 
Original tensile strength of cover: 1000 psi minimum 
Original tensile strength of tube: 1200 psi minimum 
Original elongation of cover: 200% minimum 
Original elongation of tube: 250% minimum 
Dry Heat—After oven aging for 70’hr at a temperature of 212 
F, the reductions in tensile strength and elongation of specimens 
taken from the tube and cover shall not exceed the following 


values: 


SB Tube: Original tensile, minus 20% 
Original elongation, minus 60% 
SC Tube: Original tensile, minus 15% 
Original elongation, minus 50% 
Volume Change—After 70-hr immersion in ASTM Test Oil 
No. 3 at 212 F, specimens shall not exceed the following values: 
SB Tube: Volume change, —5% to +25% 
SC Tube and Cover: Volume change, +50% to +100% 
Decrease in Inside Diameter—This test may be substituted for 
volume-change measurement for sizes 14-in. inside diameter and 
smaller, or in other instances where suitable test specimens for 
volume change cannot be secured. 
After 70-hr immersion in ASTM Test Oil No. 3 at 212 F, the 


_ inside-diameter change in any hose shall not exceed the follow- 
ing: 


SB Tube: 5% to —10% of original inside diameter 
SC Tube: 0% to —20% of original inside diameter 
Adhesion Test—This test shall apply to all hose. The minimum 


load required to separate the tube and cover from adjacent plies 


shall be as follows: 


TUBE TYPE I, LB Type II, 1B 
SB 4 12 throughout 
SC ; 8 


Proof Test—Before shipment by the vendor a minimum of 
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10% of the assemblies shall be tested at 50% of the minimum 
burst specified in Table 3 for a period of not less than 30 sec 
nor more than 60 sec. Hose assemblies showing leaks under this 
test must be rejected and such a failure will cause all hose in the 
lot to be 100% tested. 

Tensile Test of Assembly—The hose complete with fittings 
shall be dry-air aged at 212 F for 70 hr and then permitted to 
rest at room temperature for 2 hr. The hose assembly shall with- 
stand, after the aging test, a minimum pull of 100 Ib on sizes 
up to and including the 14-in. size. All other sizes over 14-in. 
inside diameter shall withstand 150 lb. 

Leakage Test—Coupled hose shall show no leakage under a 
hydrostatic pressure of 70% of the minimum burst specified in 
Table 3 following an aging period of 70 hr at 212 F oven tem- 
perature. The pressure shall be held for a period of not less than 
5 min or more than 7 min. 

Vibration Test—Two coupled assemblies shall be placed in a 
vibration-test machine and subjected to the following test for a 
minimum of 200 hr without leakage or failure: 

Inside diameter: 3g and under only 

Length of sample: 8 in. minimum 

Frequency of vibration: 1100 cpm + 10 cycles 

Total amplitude: 15¥¢ in. 

Arrangement: 114 in. offset at 90 deg to direction of stroke 

Initial slack: 3/6 in. 
During the tests No. 1 or No. 3 ASTM test oil at 250 F and 45 
psi pressure shall be circulated through the hose. Continuous 
visible leakage shall be considered as a failure. 

Corrosion Test—The assembly shall be tested in accordance 
with ASTM B 117. The period shall be 48 hr. There shall be no 
evidence of corrosion or other deterioration at the expiration of 
this test. 


Braided Reinforcement Lacquer- or Cement-Covered 
Hose (SAE R 33) 


Scope—This specification covers one type, two styles of hose 
suitable for use with gasoline, oil, and diesel fuel. This hose may 
be either coupled or uncoupled. 

Hose Construction—The hose shall consist of a synthetic tube 
(Style 1-SB, Style 2-SC), a ply or plies of braided cotton, or 
other suitable reinforcing material the outside layer of which is 
coated with suitable gasoline- and oil-proof flexible lacquer or 
cement. Dimensions and tolerances are listed in Table 4. 

Type of Test—The hose or assemblies shall be subjected to 
two types of test: qualification and inspection. 

Qualification Tests—Twenty five feet of hose or ten assemblies 
shal] be submitted for qualification. The qualification tests are 
as follows: (1) tensile strength of tube (hose); (2) elongation of 
tube (hose); (3) leakage test unaged (assembly); (4) leakage test 
aged (assembly); (5) burst-pressure test unaged (assembly); 
(6) tensile test aged (assembly); (7) volume change; (8) vibration 
life (assembly) ; (9) cold flexibility aged (hose); (10) corrosion test 
(fittings); (11) vacuum-collapse test (assemblies); (12) shrinkage 
test. 

Inspection Tests—The inspection tests are outlined below and 
are for: (1) visual inspection of fittings and hose (100%), assem- 
blies; (2) leakage test (5%), assemblies; (3) tensile test (2 assem- 
blies) unaged; (4) burst-pressure test (2 assemblies); (5) proof- 
pressure test (hydrostatic) uncoupled hose (5%). 

Retests and Rejections—Any sample of hose or lot of hose 
assemblies which fails in any test shall be resampled and retested 
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and twice as many samples shall be selected. Failure of the hose 
or the hose assemblies on the retest shall be cause for final re- 
jection. 


TABLE 4—Dimensions and Tolerances for Uncoupled 
Hose, SAE R 33 


INSIDE OUTSIDE HYDROSTATIC MINIMUM MINIMUM MINIMUM 
PROOF BURST BEND 
my 0018 | iN.” | PRESSURE, | PRESSURE, | Tonit, | DIAMETER, 
Ke 0.360 | 800 | 2000 100 4 
0.390 
% 0.420 | 650 1600 125 AY 
0.450 
46 0.505 | 500 1200 125 5 
0.535 
% 0.635 | 350 900 150 64 
0.665 
% 0.760 | 300 750 150 1% 
0.790 
56 0.922 | 250 650 150 914 
0.969 


Methods of Testing— Qualification Tests 

Tensile and Elongation of Tube—The tests for the tensile 
strength and the elongation of the tube shall be performed as 
outlined in ASTM D 380 Sections 8, 9, 10, 11. The tensile strength 
of the tube shall be not less than 1200 psi, and the elongation of 
the tube shall be not less than 250%. 

Leakage Test Unaged Assemblies—All the assemblies shall be 
held from 3 to 5 min under 400-lb air pressure for sizes 3{¢ in. 
through 3 in. and 300 |b for all sizes over 3¢ in. A hydrostatic- 
pressure test may be used in lieu of the air test at pressures 
specified in Table 4. There shall be no leakage. 

Leakage Test Aged Assemblies—Two assemblies shall be im- 
mersed in or kept filled with ASTM Test Oil No. 3 for 70 hr at 
212 +2 F and subjected to the leakage test required under 
Qualification Tests. There shall be no leakage. 

Burst-Pressure Test—Two assemblies shall be submitted to 
hydrostatic pressures which shall be increased at the rate of 
1000 psi per min until failure occurs. The hose shall not burst, 
the fittings leak, or blow off at pressures lower than those listed 
as minimum in Table 4. 

Tensile Test—Two assemblies shall be aged for 70 hr in an 
oven, the temperature of which is 212 + 2 F, cooled to room 
temperature, and tensile tested. The rate of movement of the 
jaws shall be not greater than 4 in. per min. The assemblies 
shall not fail or the fittings pull off at less than the minimum 
values in Table 4. 

Volume Change—After 70-hr immersion in ASTM Test Oil 
No. 3 at 212 F, specimens shall not exceed the following values: 

SB Tube: volume change, —5% to +25% 
SC Tube: volume change, +50% to +100% 
Vibration Test—Two coupled assemblies shall be placed in a 


vibration testing machine and subjected to the following test 
for a minimum of 200 hr: 

Length of sample: 8 in. minimum 

Frequency of vibration: 1100 epm + 10 cycles 

Total amplitude: 154. in. 

Arrangement: 114 in. offset at 90 deg to direction of seeks 

Initial slack: 34, in. 
During the test either ASTM Test Oil No. 1 or 3 shall be cir- 
culated through the hose at a temperature of 250 F and 45 psi. 
Continuous visible leakage shall be considered as a failure. 

Cold Flexibility—Two pieces of hose shall be held for 70 hr in 
an oven at 212 + 2 F. The samples shall be allowed to cool to 
room temperature, and then placed in a cold box and held for 5 
hr at —40 F. These pieces of hose shall be bent 180 deg around 
a mandrel of the diameters given in Table 4 in 14 sec. There 
shall be no cracking of the inner tube or covering. 

Corrosion Test—The assembly shall be tested in accordance 
with ASTM B 117 for 48 hr. There shall be no evidence of corro- 
sion or other deterioration at the expiration of this test. 

Vacuum-Collapse Test—Two assemblies shall be subjected to 
a vacuum of 20 in. of mercury and the reduction in outside di- 
ameter shall not exceed 20% of the original diameter during 
application of vacuum for 15 and not over 30 sec. Test shall be 
conducted with hose in a straight position. 

Shrinkage Test—The hose shall be measured at 1¢ of the mini- 
mum burst and at 0 pressure. The shrinkage in length from 0 
pressure shall not exceed 8%. 

Methods of Testing—Inspection Tests 

Visual Inspection—All assemblies shall be inspected to see 
that the correct fittings are properly applied. 

Proof-Pressure Test—5% of each lot of assemblies shall be 
subjected to proof-pressure test. The pressures are listed in 
Table 4. There shall be no leakage. 

Proof-Pressure Test, Unassembled Hose—50% of all production 
shall be subjected to the hydrostatic proof-pressure test specified 
in Table 4. 

Tensile Test—Two assemblies shall be selected from each lot 
of 100 or more pieces up to 10,000 pieces and tensile tested. For 
lots of more than 10,000 pieces, two samples shall be selected 
for each 10,000 or fraction thereof. The assemblies shall not be 
aged. There shall be no failures at less than the minimum re- 
quirement of Table 4. 

Burst-Pressure Test—Two assemblies from each lot selected as 
stated in Inspection Test No. 3 shall be burst. The failure shall 
not occur at values less than those given in Table 4. 


Synthetic-Rubber, Wire-Reinforced, Circular-Woven 
Type with Lacquer Cover (SAE R 34) 


Scope—This specification covers a wire-reinforced, lacquer- 
covered, circular-woven type of fuel and oil hose for automotive 
applications. 

Hose Construction—The hose consists of an inner tube or lining 
of Class SB or SC synthetic rubber over which is woven a jacket 
of cotton or other suitable material and steel wire to impart 
strength and rigidity to the hose. The jacket is then coated with 
a heavy coat of lacquer or any other suitable flexible material. 

The hose shall withstand the effects of fuel and lubricating 
oil. It shall operate satisfactorily at cold temperatures down to 


—40 F. The hose is to assemble satisfactorily with fittings and 
couplings. 
| Sampling—Lot Size—Unless otherwise specified, a lot shall 
consist of all hose of one size submitted for inspection and test 
| at one time. 
Sampling—Two 40-in. lengths shall be selected at random for 
_ Physical Tests 1, 2, and 3 of this specification. 

Six assemblies shall be selected at random from each lot for 
Physical Tests 4, 5, and 6 of this specification. 
__ Each and every assembly shall be subjected to Physical Test 
| 7, Coupling Leakage Test, of this specification. 
| Construction—Tube—The tube shall be of nonblooming seam- 
less construction. 
| Reinforcement—The reinforcement shall consist of a circular- 
"woven cotton carcass with an interwoven wire spiral. It shall be 
securely bonded to the tube. 

Cover—The cover shall consist of a coating of gasoline, oil, and 
water-resistant flexible material. 

Dimensions and tolerances shall be in accordance with Table 5. 


TABLE 5—Hose Diameters and Tolerances, SAE R 34 


DIAMETERS, IN. TOLERANCES, IN., PLUS OR MINUS 


Inside Outside Inside Outside 
549 2364 0.016 0.010 
X46 3% 0.016 0.010 

My Ks 0.016 0.010 

\ He 1% 0.016 0.016 
%% 1945 0.016 0.016 

a 2325 0.023 0.023 


Physical Tests—The preparation of test samples is to be 
in accordance with ASTM D 380. 


1. Original Reference Paragraph Requirement 

ie 1—Tensile, psi, 

| minimum....... lla 1000 
2—Elongation.... lila 200 

| 2. Oil Immersion 

\ (70/212). ..... 111b 

} Per cent volume 

Chane nny, gc: : —5 to +100 

| 3. Cold Flexibility.... -11le 

| Onpigina le eee Actin. —40 F 

: _After oil immersion ~~ 

Ih (70/212)....... 40 F 


| 4. Burst llid 

__ The hose shall not burst, leak, or show signs of failure at a 

} pressure lower than specified in Table 6. 

5. Vibration Test 1lle 

This test is primarily a test of fittings and is to be run on 
~ coupled assemblies only. 


6. Tensile Test of Assemblies—The end fittings of the assem- 
bly shall be clamped in the jaws of a tensile machine so that a 
straight pull may be applied. The jaws of the test machines 
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shall separate at a speed of not greater than 12 in. per min. The 
minimum load required to pull off the end fittings or rupture 
the hose shall be 100 lb for 14 in. and under; 150 Ib for 54g in. 
and over. 


TABLE 6—Proof-Pressure and Burst Tests for SAE R 34 


; SIZE, IN. PROOF PRESSURE, LB BURST, LB 
Sho 700 1400 
3 ; 600 1200 
4 500 1000 
546 500 1000 
3 450 900 
iy 425 850 


7. Coupling Leakage Test—Coupled sections shall withstand 
the proof pressure as specified in Table 6 for a.minimum of 5 to 
7 min without showing signs of leakage or failure. 

8. Corrosion Test—The assembly shall be tested in accordance 
with ASTM B 117 for 48 hr. There shall be no evidence of cor- 
rosion or other deterioration at the expiration of this test. 

Physical Test Procedures—Tensile, Elongation—ASTM D 380, 
Sections 8, 9, 10, 11. 

Oul-Immersion Test—Specimens of the tube 2 in. long and of 
width equal to the circumference shall be immersed in ASTM 
Test Oil No. 3 (aniline point 159 + 2 F) for 70 hr at 212 F in 
accordance with ASTM D 471, Section 8a: 

Cold Flexihility Test—The cold flexibility test shall be made 
on an 18-in. length of the hose or an assembly. This test is to 
be made before and after filling the hose with ASTM Test Oil 
No. 3 (viscosity 150 + 10 sec at 100 F; aniline point 159 + 2 F) 
and heating in aging oven at 212 F for 70 hr. The hose shall be 
emptied and allowed to cool to room temperature before expos- 
ing to low temperature. 

The hose shall be exposed for 5 hr to a temperature of —40 F 
in dry air. It shall then be bent over a mandrel having a diam- 
eter equal to ten times the outside diameter of the hose without 
cracking the tube or lacquer coating. 

Burst Test—This test shall be performed on a straight length 
in accordance with ASTM D 380,) Sections 15, 16, and 17 except 
that the length tested shall contain at least 8 in. of free length. 

Vibration Test—Two coupled assemblies shall be placed in a 
vibration-test machine and subjected to the following test for a 
minimum of 100 hr without leakage or failure: 

Inside diameter: 3g in. and under only 

Length of sample: 8 in. minimum 

Frequency of vibration: 1100 cpm + 10 cyeles 

Total amplitude: 15/¢ in. 

Arrangement: 114 in. offset at 90 deg to direction of stroke 

Initial slack: 346 in. 
During the tests ASTM Test Oil No. 1 or No. 3 at 250 F and 
45 psi pressure shall be circulated through the hose. Continuous 
visible leakage shall be considered as a failure. 
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Automotive Brake Hoses (SAE R 40) 


SAE Standard 


aegis Motorcoach and Motor Truck Division approved January 1942 and last revised by Nonmetallic Materials Technical Committee Septem- 
r A 


[The specifications in this Standard originated in the ASTM-— 
SAE Technical Commuatiee on Automotive Rubber (other than tires). 
They represent the correlation of the best information available from 
research investigation and production experience on the minimum 
constructional and performance characteristics essential for new 
brake-hose assemblies used as original or replacement equipment. 
They also represent the minimum quality recognized by car manu- 
facturers and hose suppliers as essential for satisfactory and safe 
operation by the hose itself and other coacting parts of the braking 
system. This Standard includes hoses for hydraulic, air, and vacuum 
brakes.| 


Hydraulic-Brake Hose (SAE R 41) 
Assembly Specification for 1g-In. Hose- 


Scope—This specification covers a grade of hose fabricated 
from braid and natural rubber or from braid and synthetic rub- 
ber, assembled with steel end fittings for use on automotive 
hydraulic-brake equipment as flexible connections. 

Manufacture—This hose shall consist of a rubber inner tube, 
two braids of cotton cord imbedded in and bonded to the rub- 
ber, and a rubber outer cover. The cover must be a black stock, 
free from sulfur bloom, which will not crack when subjected to 
long periods of weather aging. The inner tube of this hose must 
be a nonblooming stock which will effectively resist deteriora- 
tion by brake fluids approved by the original vehicle manu- 
facturers. 

End Connections—Exposed steel end connections of the hose 
assembly shall be protected from rust or corrosion by copper, 
zinc, or nickel plating. 

Hose Identification—EHach manufacturer of hose shall iden- 
tify his product by one or more colored cords woven into the 
braid. 

(Note—The approved cord color designation for each brake- 
hose manufacturer shall be assigned by the Rubber Manufac- 
turers Association, Inc., 444 Madison Avenue, New York City 22, 
NY) 

Each hose assembly must bear a distinctive designation prom- 
inently and permanently indicating the name or trade mark of 
the hose-assembly manufacturer. 

Thirteen sample hose assemblies from each lot are required to 
run a complete test in accordance with this specification. In the 
interest of safety any assemblies remaining intact after these 
tests must be destroyed by cutting through at the center of the 
length. 

Retests and Rejections—In the event of the failure of one 
sample of the thirteen selected at random from a lot to meet any 
of the following requirements, additional samples, as shown under 
Retest in Table 1 shall be submitted to the same test and the 
failure of any one of these shall be cause for rejection of the 
entire lot. 

The temperature of the testing room shall be between 70 and 
90 F (21 and 32 C). The samples to be tested shall be stabilized 
at room temperature previous to testing. 

(Note—The above does not apply to the samples for the cold 
test.) 


TABLE 1—Samples Required for Test®, SAE R 41 


ORIGINAL TEST RETEST 
Expansion Followed by Burst 
WOSt cos cacan Tea ee ee 4 8 
Whip: Leste ieres te oN Oa eanon 4 8 
PensilevVestseka. See ee 4 8 
Cold Lesty tye titsi antes 1 2 


® This specification does not show any items relating to the tensile strength, elon- 
gation, and other physical characteristics of the rubber compounds and materials 
composing the tube, cover, and cotton cord. The preparation of suitable test speci- 
mens for tensile strength and stretch from rubber hose of the diameter herein speci- 
fied is impractical; furthermore, separate test slabs prepared from rubber compounds 
representing tube and cover compounds a are not considered suitable. 


Test Requirements—The assemblies for test shall be new and 
unused and shall be at least seven days old. 

All tests must be made in accordance with the latest ASTM 
D 571, Methods of Testing Automotive Hydraulic Brake Hose. 

Constriction—The constriction of the hose assemblies shall be 
measured with a gage plug whose ‘‘A” dimensions shall be 
0.085 in. in diameter. The time required for the gage plug to 
drop of its own weight a distance of 3 in. into the hose assem- 
bly shall not exceed 5 sec. 

Expansion—The maximum expansion of any of the hose as- 
semblies so tested shall not exceed the values shown by the 
chart in Fig. 1. 
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Fie. 1—Maximum Expansion or 4-In. Brake Hose, SAE R 41 
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Bursting Strength—When tested under hydraulic pressure, each 
sample of hose shall withstand a pressure of 3000 psi for one 
minute, followed, by a 4000-psi pressure for one minute. The 
pressure shall then be increased at a rate of 25,000 (plus or 
minus 10,000) psi per min until burst occurs. The minimum 
bursting strength for any sample shall be 5000 psi. 

Whip Test—The minimum life of any one of the sample hose 
assemblies with free lengths ranging from 8 to 24 in. run con- 
tinuously on the flexing machine shall be 35 hr. 

Tensile Test—The hose assembly is fixed in the testing machine 
and pulled at a speed of approximately one in. per min. All hose 


nal 
ic 
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assemblies so ‘tested shall withstand a minimum pull of 325 lb 
without the end fittings pulling off or rupture of the hose. 

Cold Test—The hose assembly shall be conditioned in a cold 
box in straight position at —40 F for 72 hr. After conditioning 
and without removal from the cold box, the hose shall be bent 
around a mandrel having a diameter of 3 in. The hose shall not 
crack or break. 

Salt-Spray Test—The hose assembly end connections shall 
withstand 24-hr exposure to salt spray when tested in accord- 


| ance with ASTM B 117. 


100% Pressure Test—Before shipment by the vendor, every 


_ complete hose assembly shall be given a pressure test, using air 


or water as the pressure medium. The test pressure shall be 1500 
to 1800 psi when water is used and shall be 1400 to 1700 psi 


-when air is used. Special care should be taken in case air is 


used, as under the pressure specified, air is explosive if a failure 
should occur in the hose or hose assembly. The pressure shall be 
held for not less than 10 nor more than 25 sec. Hose assemblies 
showing leaks under this test shall be rejected and destroyed. 


Air-Brake Hose (SAE R 42) 


Scope—This specification covers two conventional types of 
air hose intended for use as flexible connections on automotive 


‘ air-brake equipment. The hose may be either as fabricated for 


use with detachable end fittings or as assembled with metal end 
fittings. The types of hose are as follows: 

Type A—Hose having a tube and friction of oil-resisting rub- 
ber and a cover of oil-resisting compound utilizing polymerized 
chloroprene as the basic material. 

Type B—Hose having a tube and friction of crude or non oil- 
resisting rubber and a cover of oil-resisting compound utilizing 
polymerized chloroprene as the basic material. 

Manufacture—The construction of hose for this service em- 
bodies a smooth-bore tube of flexible material, reinforced with 
cotton cord or duck plies, or a combination of both, together with 
an abrasive oil and age-resistant cover. The hose shall be so 
manufactured as to comply with the test requirements set forth 
in this Standard. 

Hose Identification—The name or trade mark shall appear on 
the outer cover of the hose at intervals not greater than 36 in. 
apart. The hose shall be continuously branded with a color iden- 
tifying the type of hose. Type A shall be identified by red brand- 
ing, and Type B hose shall be identified by white color branding. 

Retests and Rejections—Any hose which fails in one or more 
tests may be resampled and retested for which purpose two addi- 
tional samples shall be selected from the hose for the test that 
failed to meet the requirements. Failure of either of the retested 
samples shall be cause for final rejection. 

Sizes—The hose shall conform to the dimension requirements 
given in Table 2. 


TABLE 2—Air-Brake Hose Diameters, SAE R 42 


HOSE SIZE 


Inside diameter, in., ; 
f SES 6 35 0 ack ene ae 4\546 136" | Het |14| 56] 56 spec 
| Outside diameter, in., 
SEU SASS 6 coe ca ee 56/117/6/84 | 13%6 i 14g] 134 max 


® These sizes are standard and shculd be used when possible. 
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Samples for Tests—A representative sample of hose approxi- 
mately 6 ft in length shall be selected from each lot to be tested. 
If a single length of 6 ft is not available, several sections, each 
of sufficient length to provide the required test specimens, may 
be taken. : 

Test Requirements—All measurements and tests necessary 
for determining the conformity of the hose with these specifica- 
tions shall be made in accordance with ASTM D 622, Methods 
of Testing Automotive Air Brake and Vacuum Brake Hose. 

To qualify hose under this specification, all of the require- 
ments shown under qualification tests and inspection tests must 
be met. Production shipments or lots of the qualified hose shall 
meet the requirements shown under inspection tests, but the 
user may in addition, if he so desires, test hose from any or all 
such production shipments or lots to the requirements under the 
qualification tests. 

Qualification Tests—Aging Test—The hose shall show no 
cracks, charring, or disintegration externally or internally when 
straightened after being bent over a form having the radius 
given in Table 3 after a period of 70 hr in an oven at 100 +1 C 
(212 +18 F). 


TABLE 3—Air-Brake Hose Aging Test, SAE R 42 


HOSE SIZE, INSIDE DIAMETER, IN. 


5 
W| Ye | 3% | we | 4-| % bis 


TOve Tt ti) 12.) 14 
2% | 24 


Length of specimen, in...| 9 10 
Radius of form]. ese: 


Cold Test—After being subjected to this test, the hose shall 
show no signs of cracking or breaking. 

Inspection Tests—The hose shall conform to the following 
test requirements: 

Air-Pressure Test—The hose and couplings shall show no 
leakage under air pressure of 200 psi for 5 min. 

Bursting Test—The minimum bursting strength of the hose 
shall be 900 psi when tested with hydrostatic pressure. 

Tensile Test—The hose assembly complete with couplings 
shall withstand a minimum pull of 325 Ib without separation 
from the couplings or rupture of the hose structure. 

Swell Test of Tube and Cover in Type A Hose and Cover in 
Type B Hose—A specimen prepared from the inner tube and 
from the cover of the hose shall show a volume increase when 
measured within 5 min after removal from ASTM precipitation 
naphtha in which it has been immersed for 24 hr at room tem- 
perature of not more than 35% for the inner tube and 50% for 
the cover. 


Vacuum-Brake Hose (SAE R 43) 


Scope—This specification covers vacuum hose intended for 
use in the braking systems of single vehicles or as connecting or 
transmission lines in combination of vehicles or systems thereof. 

Manufacture—The construction of hose for this service em- 
bodies a smooth-bore tube of flexible material, reinforced with 
cord or duck plies, or a combination of both, together with an 
abrasive-, weather-, and sunlight-resistant cover. The hose shall 
be so manufactured as to comply with the test requirements set 
forth in this Standard. 

Hose Identification—The name or trademark and date code 
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shall appear on the outer cover of the hose at. intervals not 
greater than 36 in. apart.? 

Retests and Rejections—Any hose which fails in one or more 
tests shall be resampled and retested, for which purpose two 
additional samples shall be selected from the lot for the test that 
failed to meet the requirements. Failure of either of the retested 
samples shall be cause for final rejection of the lot. 

Sizes—The hose shall conform to the dimensional require- 
ments given in Table 4. 


TABLE 4—Vacuum-Brake Hose Diameters, SAE R 48 


HOSE SIZE 
Inside diameter, in... ..| 14 34 UA 56 34 1 


0.008} 0.008] 0.008} 0.008) 0.008} 0.010 


Tolerance ma sight a 
mi 


NUS ee 0.020} 0.020} 0.020} 0.020] 0.020) 0.022 
Outside diameter, in....| %g | 1346 | 1546 | 146 | 1346 | 11542 
lugssteoe Yeo | le Yo | oe] we] Be 
Tol 1 S2me7 
sary ee ....| Wo |e | Be} Mel Ma] ¥%e 


Samples for Test—A representative sample of hose approxi- 
mately 15 ft in length shall be selected from each lot to be 
tested. If a single length of 15 ft is not available, several sections, 
each of sufficient length to provide the required test specimens, 
may be taken. The samples shall be not less than 7 days nor 
more than 120 days old. 

Test Requirements—All measurements and tests necessary for 
determining the conformity of the hose with these specifications 
shall be made in accordance with ASTM D 622, Methods of 
Testing Automotive Air Brake and Vacuum Brake Hose. 

To qualify hose under this specification, all of the require- 
ments shown under qualification tests and inspection tests must 
be met. Production shipments or lots of the qualified hose shall 
meet the requirements shown under inspection tests, but the 
user may in addition, if he so desires, test hose from any or all 
such production shipments or lots to the requirements under 
qualification tests. 

Qualification Tests—Aging Test—The hose shall show no 
cracks, charring, or disintegration externally or internally when 
straightened after being bent over a form having the radius 
given in Table 5, after a period of 70 hr in an air oven at 100 + 
1C (212 41.8F. 

Cold Test—After being subjected to this test, the hose shall 
show no signs of cracking or breaking. 

Inspection Tests—Bursting Test—The hose shall not burst, 
leak, or show signs of failure at a hydrostatic pressure lower 
than specified in Table 5. ° 

Vacuum Test—The collapse of the outside diameter of the 


1The manufacturers of vacuum-brake hose shall obtain the date code from the 
Rubber Manufacturers Association, 444 Madison Avenue, New York 22, New York. 


TABLE 5—Vacuum-Brake Hose Test Requirements, SAE R 48 


TESTS 
ae Deforma- 
Aging Bend Gon Burst Swell 
. A : Maximum | Collapsed = 
Specimen | Radius | Specimen Diameter 
ID, length, of form, length, collapse (di D Psi of 
at in. in. in. 9 ee pas , ball, in. 
“4 9 1g 8 32 Ye | 1200| %e 
36 10 1% 12 %e 342 | 1200! He 
4% 11 2 16 Ka 4g 1000 | 1342 
58 12 24% 22 Yo 542 | 1000} 1%. 
34 14 24 28 Yo He 800 | 58 
1 16 344 36 %o yy 800 | % 


hose under internal vacuum of 29 in. of mercury for 5 min shall 
not exceed ¥¢ in. 

Bend Test—The collapse of-the outside diameter of the hose 
at the middle point of-the test length when bent until the ends 
touch shall not exceed the values given in Table 5. ‘ 

Deformation Test—A specimen 1 in. long shall be compressed 
five times to a collapsed inside diameter (dimen D) in Table 5. 
The load required in the first compression shall be less than 70 
Ib; and in the fifth compression shall be greater than 40 lb. 
After the test, the specimen shall immediately return to at least 
90% of the original outside diameter. 

Swell Test—The hose shall be filled with di-isobutylene and 
held 48 hr at room temperature, after which time the di-iso- 
butylene shall be removed and immediately a steel ball of the 
diameter given in Table 5 shall pass through the hose freely. 
The sample shall then show no leakage in vacuum test under 
26 in. of mercury for 10 min, after which there shall be no sepa- 
ration of the inner tube from the fabric reinforcement of the 
hose 

Adhesion Test—The minimum load required to separate the 
tube from plies, the plies, and the cover from the plies shall be 
10 lb. This test is to be made only on original, not aged speci- 
mens. 

Cover Tensile—The cover stock shall have a minimum tensile 
strength of 1200 psi. 

Cover Elongation—The cover stock shall have a minimum 
elongation at break of 200% (2 in. to 6 in.). 


Color Assignments to Brake-Hose Manufacturers 


As of October 14, 1948 the Rubber Manufacturers Association, 
444 Madison Ave., New York City 22, has assigned brake-hose 
identification colors to the hose manufacturers as follows: 


Bhies case faces Raybestos-Manhattan, Inc. 

Red try vey neiterane ee United States Rubber Co. 

Green fees pe eeae Goodyear Tire & Rubber Co. 

| BEEK) Ce lah at ae Inland Div., General Motors Corp. 
Brownie at. pees Republic Rubber Co. 

Yellow. 27.35 on B. F. Goodrich Co. 


Red and Black..... Dominion Rubber Co., Ltd. 


_ Report of Nonmetallic Materials Division approved January 1945. 


[This Standard was formulated by SAE—ASTM Technical 
Committee on Automotive Rubber.] 


| Construction—The hose shall consist of an inner tube of 
|| flexible material, reinforced with one or more plies of wrapped 
_ fabric or braided cord, or a combination of both, and a cover of 
'|| flexible material. The tube and cover shall be smooth and uniform 
_| in thickness’ in accordance with good manufacturing practice. 
| The hose shall be so manufactured as to comply with the test 
|| requirements set forth below. Where not specifically designated, 
‘| the materials and construction shall be suitable for the purpose 
_ intended. 


: Sizes and Tolerances—The inside diameter shall be 540, 
| 7q in.; outside diameter shall be 114, 134, in. The inside 
i ae shall be subject to a tolerance of plus or minus lé, in. 
i and the outside diameter to a tolerance of plus 344 in., minus 
! Yq in. 

| Length—Unless otherwise specified, the hose shall be furnished 
_ in coils of nominal 50-ft lengths or in “reel lengths’’ of nominal 
| 500 ft. The reels may consist of a maximum of four lengths but 
; the minimum length shall be 25 ft. 

When ‘‘cut lengths” are specified on the contract or order, the 
| length shall not vary by more than plus }/¢ in., minus %» in. 
| on lengths up to 3 in.; plus or minus 1/¢ in. on lengths 3 in. to 
18 in.; plus or minus \% in. on lengths 18 in. to 100 in.; and plus 
or minus 1% on lengths over 100 in. 


Methods of Test—Measurements and tests shall be made in 
| accordance with ASTM D 380, Methods of Test of Hose, unless 
_ otherwise specified in this Standard. 


Test Requirements—Burst—The hose shall not burst at a 
| pressure less than 250 psi. 

Bend Test—No breaking of reinforcement or other components 
| shall occur when the hose is bent at a 90-deg angle while installed 


| Natural-Rubber Cups 


Rubber Cups for Use in Hydraulic Actuating Cylinders, ASTM D 818 — 


[This SAH Standard for natural-rubber cups was formulated 
; by Section IX of SAEH-ASTM Technical Committee on Auto- 
motive Rubber.] 


_ 1. Scope—These specifications cover molded cups compounded 
|| from natural rubber for use in hydraulic actuating cylinders 
| _ employing hydraulic-brake fluid of nonmineral oil type. 

: (Note—These specifications do not include requirements re- 
| lating to chemical composition, tensile strength, and elongation 


) for Hydraulic Actuating Cylinders (SAE R 60) 


f | hina _ WINDSHIELD-WIPER HOSE 247 


Windshield-Wiper Hose (SAE R 50) 


SAE Standard 


on the proper size tubing (3%, in. for the 542-in. size and 4 in. 
for the 7%,-in. size). 

Vacuum Collapse—The hose shall be subjected to a vacuum of 
24 in. of mercury while being curved to a radius equal to five 
times the maximum outside diameter of the hose. After 5 min, 
the outside diameter shall not have been reduced by more than 
30%. During this test, the inner tube shall not collapse nor pull 
away from the reinforcement. Tube collapse may be determined 
by sectioning the hose lengthwise and examining. 

Cold Flexibility—Samples of hose shall be subjected to a 
temperature of minus 20 F for a period of 5 hr after which the 
hose shall be flexed in the cold chamber through 180 deg from 
the center line in each direction to a diameter 10 times the maxi- 
mum outside diameter of the hose at each extreme of cycle for 
five cycles. The rate of cycling shall be approximately one cycle 
in 4 sec. The hose shall not fracture nor show any cracks, checks, 
or breaks in the tube or cover. 

Tension Test—The ends of a sample of hose shall be fastened 
in the jaws of a testing machine. The jaws shall then be separated 
at the rate of 1 in. per min until rupture of the hose occurs. 
Failure shall not occur at a tension of less than 60 lb for the 
549-in. size and 80 lb for the 7%,-in. size. 

Aging Test—After being subjected to dry air aging in ac- 
cordance with ASTM D 573 for 70 hr at 158 + 2 F, the hose 
shall meet the requirements for vacuum collapse and cold 
flexibility outlined above. 

Sampling—From each lot of 25,000 ft or less of hose, repre- 
sentative samples shall be taken to determine conformance with 
this specification. 

Samples of suitable length for conducting the tests shall be 
used but shall not exceed 12 in. except in the case of the burst 
test which shall be conducted on a sample not exceeding 18 in. 
A separate sample shall be used for each test. 

For methods of inspection, retest, and rejection, refer to ASTM 
D 380. 


SAE Standard 


Report of Nonmetallic Materials Technical Committee approved January te This Standard conforms with Tentative Specifications for Natural 


of the rubber compounds and materials composing the cup. The 
preparation of suitable specimens for tensile strength and elonga- 
tion tests from a cup herein specified is impractical ; furthermore, 
separate test slabs prepared from rubber compounds representing 
the cups are not considered suitable.) 


TEST REQUIREMENTS 


2. Resistance to Fluids at Elevated Temperatures—After 
being subjected to the test for resistance to fluids at elevated 
temperatures as prescribed in Sections 11 to 14, the cups shall 
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conform to the following requirements as to changes in di- 
mensions and durometer hardness: 


Change in: 
VOIUMOG: bey stac hansen = cee 0 to +20% 
outside diameter, lip... ... 0 to +5.75% (0 to +0.075 in.) 
base....0 to +5.75% (0 to +0.075 in.) 
durometer hardness...... —10 to + 5 points 


3. Effect of Fluid Pressure at Elevated Temperature (Heat- 
Pressure Test)—After being subjected to the heat-pressure test 
prescribed in Sections 15 to 18, the cups shall conform to the 
following requirements as to changes in dimensions and du- 
rometer hardness: 

Measurements after 30 min: 
Change in: 
outside diameter, lip —2 to +2% (—0.025 to +0.025 in.) 
base +8% maximum (+0.040 in. max- 
imum). 
durometer hardness.................. —5 to +0 points 
Measurements after 48 hr: 
Change in: 
outside diameter, lip—3 to +2% (—0.040 to +0.025 in.) 
base +3% max (+0.040 in. max) 
durometer hardness................... —5 to +0 points 

4, Stroking Test 

(a) There shall be no leakage of fluid past the primary or 
secondary cups during the stroking test. 

(b) After the stroking test, specimens shall be examined for 

. wear and general condition which may affect their life and per- 
formance. 

(c) The change in durometer hardness after the stroking test 
shall be within the limits of —7 to +5 points from the original 
reading. 

5. Low-Temperature Test 

(a) After being held for 120 hr at —40 to —45 F, the durometer 
hardness of the specimen shall not increase more than 25 points 
over the reading taken at room temperature. 

(b) After the bend test, made while the specimen is held at a 
temperature of —40 to —45 F following an exposure at this 
temperature for 120 hr, the cup shall return to its approximate 
origina] shape within 1 min. 

(c) No leakage of fluid shall occur past the primary, secondary, 
or wheel-cylinder cups during the low-temperature leakage test. 

6. Aging 

(a) The change in durometer hardness shall be within the 
limits of 0 to +5 points over the reading taken before aging. 

(b) After the aging test, the specimens shall be examined for 
general condition and defects which may affect their life and 
performance. 

7. Manufacture—Cups shall be free from blisters, pin holes, 
cracks, protuberances, embedded foreign matter, or other 
physical defects which can be detected by thorough. inspection, 
and shall conform to the dimensions specified on the drawings. 
The sealing lip shall be sharp and free from any irregularities. 

8. Marking—The identification mark of the manufacturer, 
cup size, and other details as specified on the drawings shall be 
molded into each cup. 


METHODS OF TESTING 


9. Sampling 
(a) A quantity of 5000 cups of one size shall represent the 


minimum lot on which complete tests shall be conducted. The 
frequency and type of tests used to control production shall be 
agreed upon by the manufacturer and the purchaser. 

(b) Specimens for heat-pressure and resistance-to-fluid tests 
shall be 114-in. diameter wheel-cylinder cups, and for stroking 
tests shall be 1!¢-in. diameter primary and secondary cups. 
When conditions do not permit the use of these sizes, tests shall 
be made on cups of available size, in which ease the percentage 
limits of the specifications shall apply. 

(ec) Cups used for purpose of tests shall not be more than six 
months old from the date of manufacture. 

10. Test Fluids—The fluid used in the tests shall be one of 
the standard non mineral-oil brake fluids as follows: Chrysler 
ISO Brake; Deleo No. 9; Ford M-3833A; Wagner No. 21; and 
fluids approved in Army Ordnance Specification 2-111, latest 
issue. 


RESISTANCE TO FLUIDS AT ELEVATED TEMPERATURE 


11. Apparatus _ 

(a) Micrometer—Micrometer calipers or other suitable ap- 
paratus to measure the lip and base diameters of the cup ac- 
curately in thousandths of an inch. 

(b) Containers—Tightly sealed containers of 14-pt capacity. 

(c) Oven—Any well designed uniformly heated standard dry- 
air oven conforming to the requirements prescribed in Section 
4 of the Standard Method of Test for Accelerated Aging of 
Vulcanized Rubber by the Oven Method (ASTM D 573) may 
be used. The oven shal] be provided with proper temperature 
controls to maintain a standard test temperature of 158 + 2 
F. Satisfactory circulation of air shall be secured by means of a 
fan. 

12. Test Specimens—Two cups shall be selected for use as 
test specimens. See Section 9(b). 

13. Procedure 

(a) The specimens shall be wiped with an alcohol-saturated, 
lint-free cloth to remove dirt and packing debris. 

(b) The volume of each specimen shall be determined in 
accordance with Section 9a, Tentative Methods of Test for 
Changes in Properties of Rubber and Rubber-Like Materials 
in Liquids (ASTM D 471), except that a Jolly balance may be 
used. 

(c) The diameters of the lip and base of the specimen shall be 
measured to the nearest thousandth of an inch, taking the average 
of two readings at right angles. Care shall be taken when measur- 
ing the base diameter that the measurement is taken within 
0.015 in. from the back and parallel to the base of the specimen. 

(d) The durometer hardness of the specimen shall be deter- 
mined in accordance with Section 28. Two specimens shall be 
put in a 14-pt container containing 75 ml of the specified test 
fluid, and the container shall be sealed to prevent loss of vapor 
during the test. The container shall be placed in the oven at 
158 + 2 F for 120 hr. At the end of the heating period the con- 
tainer shall be taken from the oven and the test specimens 
removed immediately and wiped dry with an alcohol-saturated 
lint-free cloth. 

(e) The test specimens shall be cooled for 30 min on a wooden 
table top. The final volume, dimensions,.and durometer hardness 
of each specimen shall then be determined as described in (b) 
to (d) above. 

(Continued on next page.) 


i ‘14. Calculations and Report 
t (a) Volume Change—The change in volume shall be reported, 


| calculated as follows: 


Increase in volume, percent, equals 


re (W3— Wa.) —(Wi—W2) X 100 


| Wi-Ws 
y) 

| where W, = initial weight in air 
Hi We. = initial weight in water 


weight in air after immersion in the test fluid 
Wa weight in water after immersion in the test fluid 
| (b) Dimensional Change—The original measurements shall 
be subtracted from the measurements taken after the test and 
| the difference reported in thousandths of an inch and as a per- 
| eentage. Any observable changes in the condition of the speci- 
mens shall also be reported. 

| | (©) Durometer Hardness—The difference between the original 
|| durometer hardness reading and the reading after the test shall 


1)! 
be reported. 


ll 


a 
ss 
N 


\ HEAT-PRESSURE TEST 


b AS. Apparatus 
' (a) Oven—Any well designed uniformly heated standard dry- 
air oven of sufficient size to hold the heat-pressure device may be 
"used. The oven shall be provided with proper temperature con- 
trols to maintain a standard test temperature of 158 + 2 F. 
Satisfactory circulation of air shall be secured by means of a fan. 
The heat-pressure device shall be centrally located in the oven 
and supported above the bottom of the oven by suitable supports. 
A suitable oven is described in Section 4, ASTM D 573. 
(b) Heat Pressure Device—Suitable means shall be provided 
- to maintain a pressure of 500 psi in cylinders used in the heat- 
_ pressure test. The apparatus shown in Figs. 1 and 2 has been 
- found satisfactory. 
‘|| 16. Test Specimens—Two wheel-cylinder cups shall be se- 
lected for use as test specimens. 


_ Fic. 1—Oven Suowine Fixtures ror Heat-PREessure TEST AND 
CONTAINERS FOR FLUID-RESISTANCE TEST 
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17. Procedure 

(a) The specimens shall be wiped with an alcohol-saturated, 
lint-free cloth to remove dirt and packing debris. 

(b) The diameters of the lip and base of the specimen shall be 
measured to the nearest thousandth of an inch, taking the 
average of two readings, at right angles. Care shall be taken 
when measuring the base diameter that the measurement is 
taken within 0.015 in. from the back and parallel to the base of 
the specimen. 

(c) The durometer hardness of the specimens shall be de- 
termined in accordance with Section 28. 

(d) The specimens shall be installed in a wheel cylinder and 
connected to a master cylinder with weighted arm (Figs. 1 
and 2 are typical arrangements). The system shall be filled 
with the specified test fluid and all air expelled by bleeding. 
The weight on the master cylinder arm shall be adjusted to 
maintain a pressure of 500 + 50 psi in the system. The test 
shall be continued for 120 hr at 158 + 2 F. At the termination 
of the heating period, the specimens shall be removed from the 
eylinder and wiped clean with an alcohol-saturated, lint-free 
cloth. 

(e) The specimens shall be cooled for 30 min on a wooden 
table top, after which measurements of the dimensions and 
durometer hardness shall be taken as prescribed in (b) and (c) 
above. 

(f) The specimens shall then be rested for 48 hr on a wooden 
table top at room temperature after which the measurements of 
the dimensions and durometer hardness shall be repeated. 

18. Calculations and Report—The changes in dimensions and 
durometer hardness shall be calculated and reported as described 
in Section 14 (b) and (ce). 


STROKING TEST 


19. Apparatus 

(a) Stroking Machine—The stroking machine shall consist of 
a suitable mechanical means for actuating the master cylinder 
containing the test specimens, which shall be operated at 1000 


Fig. 2—OvEen SHowine WEIGHTED MastTER CYLINDER FOR APPLY- 
ING PRESSURE IN Hmat-PREssURE TEST 
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+ 100 strokes per hr with a total piston movement of 17%, in. 
The initial movement of 5g in. to 114, in. shall be at a pressure 
of 40 to 50 psi to permit the primary cup to pass over the com- 
pensating port hole, and the balanee of the stroke shall be at a 
test pressure of 500 + 50 psi, held constant by an adjustable 
relief valve. If master cylinder sizes other than those recom- 
mended are used, there shall be a minimum total movement of 
master-cylinder piston of 114, in. with a minimum stroke of 14 
in. after the primary cup passes over the compensating port hole. 
The master cylinder shall be located in a uniformly heated dry- 
air oven maintained at the standard test temperature of 158 
+2 F. The equipment shown in Figs. 3 and 4 has been found 
satisfactory. 

(b) Alternative Stroking Machine—One hydraulic brake system 
master cylinder 11¢ in. indiameter, four brake assemblies having 
114-in. diameter wheel cylinders, brake drums, a pressure gage 
satisfactory for operation at 500 + 50 psi, and approximately 
15 ft of 14-in. outside diameter copper or steel tubing shall be 
used in assembling the apparatus. The master cylinder shall be 
enclosed in a heated air bath maintained at a temperature of 
158 + 2 F. Mechanical application of pressure to the-master- 
cylinder push rod shall be employed to simulate operation on the 
vehicle as closely as possible. At the start of the test, the brake 
shoes shall be adjusted concentric with the brake assembly axis 
to provide a diametral clearance of 0.080 in. between the shoes 
and drums (0.040-in. clearance on each side). The equipment 
shown in Fig. 5 has been found satisfactory. 


- 1A master cylinder shall not be used for more than one test. 


ASSES 


Fig. 3—Srrokine-Test APPARATUS 


20. Test Specimens—One primary cup and one secondary 
cup shall be selected for use as test specimens. See Section 
9(b). 

21. Procedure 

(a) The specimens shall be wiped with an alcohol-saturated, 
lint-free cloth to remove dirt and packing debris and then 
examined and the general condition recorded. 

(b) The durometer hardness of the specimens shall be de- 
termined in accordance with Section 28. 

(c) The specimens and master-cylinder internal parts shall be 
dipped in the specified test fluid and the cylinder walls coated 
with the specified test fluid before assembly. 

(d) The system shall be filled with the specified test fluid and 
all air expelled by bleeding. The master-cylinder! assembly shall 
be installed in an oven and operated for 150,000 strokes at a 
rate of 1000 + 100 strokes per hr and at a temperature 158 
+ 2 F. The equipment shown in Figs. 3, 4, and 5 has been found 
satisfactory. 

(e) After this test, the specimens shall be removed from the 
cylinders, wiped with an alcoliol-saturated, lint-free cloth and 
cooled for 30 min on a wooden table top. The durometer hardness 
shall then be determined in accordance with Section 28 and a 
thorough inspection made of the cup condition. 


LOW-TEMPERATURE TEST 


22. Apparatus—Cold Chamber—The chamber in which the 
test specimens are exposed to the low temperature shall be of 
sufficient size to contain the leakage apparatus loaded with 


e 


Fie. 4—ActruatiInG MECHANISM FOR STROKING-TEsTt APPARATUS 


Rubber Connector 


Hydraulic Gage 0 to 1000 PSI 


/ntermittent Gage Operation 
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4 Lockheed Brake Assys-Il"x24" 


4 Drums -I1"* 24° 


specimens and so arranged as to permit the operator to check 
and operate the apparatus without removal from the chamber. 

It shall be capable of maintaining a uniform atmosphere of 
cold dry air within the specified temperature range of —40 
to —45 F. The equipment shown in Fig. 6 has been found sat- 
isfactory. 


Thermometer, 
Reducing Bushing 

Safety le 
o. i 


Optional: Shut of f Valve for SC ee l 
_Tube-| 


| 
8 Vent | 


Line oe 


CAN OF 


‘Shoe and Drum Clearance .080 on Dia. aL 
Check 2 places as shown - Grind undersize if necessary 


NATURAL-RUBBER CUPS FOR HYDRAULIC ACTUATING CYLINDERS 251 


Rubber Stopper 
tandpipe Brazed in Drilled out Filler Cap 


| Fluid Level to be Maintained throughout Jest 
pes 

PY, Master Cylinder, lg ‘Dia. 

H At Least 7§ Clear: Bet. Push Rod 

we Fiston in “OFF” Position 


jg -20 Locknut for 


| 
ie 


a) 


A “a Ae 


Angularity 
8 iP ae Adjustment 
TK. 2 Radtus 
N " 
Viz f/ijT||¥ #27 | 
4 Tube wee 4 —Stroke Adjustment 
PEGS =) 
© i —H@) 


Motor and Reducing Gear Box 
1000 Strokes per Hour 


4 Lockheed Wheel Cylinder Assys. 17 “Straight Bore 


| 4 
i P- 
| Fic. 5—ALTERNATIVE STROKING-TEST APPARATUS 


23. Test Specimens—Three wheel-cylinder cups, two pri- 
mary cups, and two secondary master-cylinder cups shall be 
selected as test specimens. 

24. Procedure 

(a) The specimens shall be wiped with an alcohol-saturated, 
lint-free cloth to remove dirt and packing debris. 

(b) Hardness Test 

(1) The durometer hardness shall be determined in accordance 
with Section 28. 

(2) One wheel-cylinder cup, one primary cup, and one second- 
ary master-cylinder cup shall be placed in the cold box for 120 
hr at —40 to —45 F. The durometer and the test jig shall also 
be subjected to the same temperature for the last 14 hr of the 
120-hr period. While the apparatus is in the cold chamber and 
the specimen is at a temperature of —40 to —45 F, the durom- 
eter hardness shall be determined in accordance with Section 28. 

(Note—It is necessary to store the durometer used in the cold 
test in a desiccator for a period of at least 1 hr before and 1 hr 
after use in the cold box to keep it free of moisture.) 

(c) Bend Test—After an exposure for 120 hr at —40 to —45 F, 
the cups shall be bent between the thumb and finger through an 
angle of approximately 90 deg and released immediately. The 
cold cups shall be bent while in the chamber and shall be handled 
with gloves to prevent heating from the fingers. 

(d) Leakage Test 

(1) The apparatus shall consist of a-master cylinder and a 
wheel cylinder so connected that their operation simulates the 
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brake system in actual service. The apparatus shown in Fig. 6 
has been found satisfactory. 

(2) The specimens shall be wiped clean with an alcohol- 
saturated, lint-free cloth and assembled in the system, which 
has previously been conditioned as prescribed in Section 21(c). 
The system shall then be filled with the specified test fluid and the 
air bled from the system. 

(3) The complete system shall be enclosed in a cold chamber 
equipped with a glass door for observation and subjected to a 
temperature of —40 to —45 F for a period of 120 hr. During 
this period no leakage of fluid past the cups shall occur. 

(4) The master-cylinder piston shall then be operated at an 
approximate rate of 1 stroke per min at a pressure of 500 psi. 
The piston shall return to the piston stop after each stroke. After 
12 piston strokes, there shall be no evidence of fluid leakage past 
the cups. 

(5) The operation described in (4) shall be repeated at a 
pressure of 1000 psi. 


AGING TEST 


25. Test Specimens—Two cups shall be selected as test 
specimens. 

26. Procedure 

(a) The specimens shall be wiped with an alcohol-saturated, 
lint-free cloth to remove dirt and packing debris. 

(b) The original durometer hardness shall be determined in 
accordance with Section 28. 

(c) The two best specimens shall be placed in a circulation 
air oven as prescribed in ASTM D 573 and held for 70 hr at 
158 + 2F. ? 

(d) At the termination of the heating period, the specimens 
shall be removed from the oven and allowed to cool for 30 min 
on a wooden table top to room temperature. 

(e) The durometer hardness after aging shall be determined 
in accordance with Section 28 and the specimens visually 
inspected. 


DUROMETER HARDNESS 


27. Apparatus 

(a) Durometer—A durometer, type A, which shall be calibrated 
as described in the Method of Test for Indentation of Rubber 
by Means of the Durometer (ASTM D 676). 

(b) Fiatwre—Fixture for holding the durometer and anvil 
is as Shown in Fig. 7. 

(ec) Anvil—Rubber anvil having a durometer hardness of 
46 to 48 is as shown in Fig. 7. 


28. Procedure—The durometer hardness of the specimen shall 
be determined using the apparatus as illustrated in Fig. 7. 
The anvil of the durometer when resting on the specimen shall 
be level with the indentor point contacting the specimen at the 
position shown in Fig. 7. 


- 


: Zl 
Duromefer "00 
motes War | 


Wee 
i and Primary Cups i 


Tread 4° high made with £° drill 3° 
between centers 


4 


Rubber Anvils 


Fic. 7—APPARATUS FOR MEASURING DUROMETER HARDNESS 


The durometer shall not be pressed against the specimen 
harder than is necessary to make contact between the rubber 
and the entire face of the durometer anvil. The immediate 
reading of the durometer hardness shall be used. The same 
operator shall make all hardness determinations for any one 
test. 

(Note—Since small variations in the pressure of application 
of the durometer produce considerable yariation in results, it is 
recommended that the above instructions be rigidly followed.) 
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Automotive Rubber Mats 


| 
| [This Standard was prepared by the SAE—ASTM Technical 
| Committee on Automotive Rubber.] 


Report of Nonmetallic Materials Technical Committee approved January 1951. 


| General Requirements 


_ Sampling—A representative mat shall be selected from each 
lot to be tested. 

Workmanship and Finish—The workmanship and finish shall 
| be such as to provide a mat with a clean surface, cleanly trimmed 
edges, holes free from slugs, and otherwise neat in appearance. 
| Color—The color shall be designated by the consumer. 
| _ Packing, Marking, and Shipping—Details regarding packing, 
| marking, and shipping are subject to individual arrangements 
| between consumer and producer. 

Retests and Rejections—Any lot of mats which fails in one or 
more tests shall be resampled and retested for which purpose 
two additional mats shall be selected from the lot that failed to 
_ meet the requirements. Failure of either of the retested samples 
| to meet any of the specification requirements shall be cause for 
_ final rejection. 


Physical Test Procedures 


| Conditioning—Sections of automotive mats or mat samples, 
| which have been allowed to rest at least 16 hr after cure, are to 
_ be conditioned 6 hr at 158 F in accordance with Standard Method 
| of Test for Accelerated Aging of Vulcanized Rubber by the 
| Oven Method, (ASTM D 573) before any physical tests are 
| performed. At the termination of the conditioning interval, the 
| sections shall be removed from the oven, placed on a flat surface, 
| and allowed to rest 16 hr (minimum) at room temperature before 
| determining physical properties. 

| _ Durometer Hardness—Hardness is to be measured with an 
| instrument according to Method of Test for Indentation of 
| Rubber by Means of a Durometer, ASTM D 676. Tests shall be 
y “made on not Jess than 14-in. thickness to be made up by laying 
| together smooth layers of the test samples. 


i 1 This conditioning period is optional and is to be arranged between producer 
| and consumer, 


| 


ie 
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Tensile Strength and Elongation—Tensile strength and elonga- 
tion shall be determined in accordance with Standard Method of 
Tension Testing of Vulcanized Rubber, ASTM D 412, using die 
A, except that the average calculation shall be made on not less 
than three dumbbell specimens with the grain, and three across 
the grain, rather than the method specified in Section 9. 

Note—Any test specimen which shows imperfect preparation 
shall be discarded and a new specimen prepared and tested. 

Oven Aging—Tests shall be made in accordance with Standard 
Method of Test for Accelerated Aging of Rubber by Oven 
Method, ASTM D 573. 

Bend Test—The bend test shall be performed on conditioned 
test specimens. The test specimen shall not crack when bent 
around a 14¢-in. rod. 

Test Requirements—Test requirements are shown in Table 1. 


TABLE 1—Test Requirements 
Properties (After Conditioning 6 Hr at 158 F) 


PV DOA CME eS ania tKtys 2 3 1 4 
Durometerwes ss s.ceat tt ks.. 70 + 5) 70 + 5| 70 + 5| 70 + 5 
Tensile strength, psi, min... .| 600 400 400 900 
Blongation, 7%, mins...) ; 200 225 150 250 
Bendstestendak- suka no cracking 


Oven Aging (70 Hr at 158 F After Conditioning) 


Durometer, points increase, 

ANAK ree Ser el Poe ee 10 10 10 10 
Tensile strength, % decrease, 

MMA ees eee eee s 25 25 25 25 
Elongation, % _ decrease, 

MUA Poe ag) Meese Ry dares xe 35 35 35 35 
Hlongation: 7, M0, ae... = 150 175 115 175 
IBemdetestaecr een titi sevatate.tusro's no cracking 
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Hydraulic-Brake Fluid (SAE R 70) 


SAE Standard 


Report of Nonmetallic Materials Technical Committee approved December 1946 and last revised January 1949. 


Heavy-Duty Type (SAE R 71) 


A—Type—These specifications cover brake fluids of the non- 
mineral oil type for use in the atmospheric range of approxi- 
mately 140 to —60 F, in highway vehicles where the brake 
fluid is exposed to severe operating conditions. 

B—Material—The materials used shall be such that the 
resulting compound will conform to the requirements of these 
specifications. 

C—Detail Requirements—Hydraulic-brake fluids covered by 
these specifications shall be in accordance with Table 1, Table 
2, and Sections Cl, C2, C8, C4, C5, C6, and C7. 


TABLE 1—Required Tests for SAE R71 


TESTS TEST LIMITS 


Viscosity (kinematic) at —40 F, : 
2200 centistokes 


1106; 9:8 hee Ore NN RR a Ie ey I LF 
Viscosity (kinematic) at 130 F, min 3.5 centistokes 
Cold test (6 days at —40 F)....... Shall begin to flow within 5 


sec after the sample bottle 
is tilted from the vertical to 
horizontal position. No stra- 
‘| tification or precipitation. 


Freezing point (6 hr at —60 F)....| Shall begin to flow within 5 
see after the sample bottle 
is tilted from the vertical to 
horizontal position. 


Boiling point, Py amin. 2. sence 300 
Hisshipomnt. Kanne yee eee 145 
Water tolerance (3.5 cc of water at 
1407and 40 Peer. aes cee No stratification or precipi- 
tation. 
INGUIN Gen baste nt PoE ee pH 6.0 to 9.5 


Neutrality (after corrosion test)... pH 6.0 to 9.5 


C1—Corrosion—The fluid when tested under conditions out- 
lined in Section D8 shall not cause corrosion exceeding the 
limits shown in Table 2. The fluid after test shall not show 
jelling or any substantial amount of sludge formation. 

Discoloration or slight generalized pitting of the test strips 
shall not be cause for rejection of the fluid. 

C2—Stability—The boiling point shall not be less than 295 F 
after the fluid has been held at 295 F for 6 hr in the presence of 


TABLE 2—Corrosion Losses 


MAXIMUM PERMISSIBLE CORROSION LOSS 


TEST STRIP Mg per Sq Cm of Surface 


Tinned iron, electrolytic tin plat- 


ing, 1.25 Ib per base box........ 0.7 
Steel, SAE 1010 (cold rolled)..... 0.7 
Aluminum, pA Host ete eee sce 0.2 
Cast iron, SAE 111 (smooth ma- 

chine snrtace hin, ae ee a eee 0.7 
Brass. SAE Obscene oases 0.5 
Copper, SA Ele penne ei 0.5 


a rubber cup (Lockheed Manhattan FC-666-XO) and steel, 
aluminum, and copper test strips described in Table 2 in ac- 
cordance with Section D9. 

C3—Rubber Swelling—The increase in the base diameter of 
the cups after 120-hr exposure to the fluid, as described in 
Section D10, shall be not less than 0.005 in. and not more than 
0.050 in. The surface of the rubber shall not be tacky or show 
any sloughing as indicated by carbon black on the surface. 

C4—Compatibility—No liquid stratification or precipitation 
shall be evident the fluid is tested according to Section D11. 

C5—Lubrication—At the end of the stroking test outlined in 
Section D12, the metal parts shall be free from excessive wear, 
corrosion, or galling. The rubber parts shall be in a satisfactory 
operating condition. Excessive leakage past the pistons shall be 
cause for rejection of the fluid. If corrosion of pistons occurs 
during stroking, analysis ‘should be made of the piston to de- 
termine whether it is a suitable aluminum alloy. 

C6—Residue—When tested in accordance with Section D13, 
the brake fluid shall cause no rust or corrosion of the metal parts 
and shall show no dry, hard, or gummy residue, or no substan- 
tial amount of sludge. 

C7—Evaporation—Percentage—Not more than 80% (by 
weight) of the hydraulic-brake fluid shall be evaporated when it 
is subjected to the test described in Section D5. 

Quality of Residue—The residue from the evaporation test 
described in Section D5 shall be fluid and oily and shall contain 
not more than a slight precipitate. Any such precipitate shall not 
feel gritty when rubbed against the test container with the finger 
tip. The residue shall remain fluid and oily while held at 832 + 2 
F for 2 hr. 

D—Methods of Test—The fluid sample shall be tested, using 
the methods prescribed in Sections D1 to D13 inclusive. 

D1—Viscosity—The viscosity of the fluid shall be determined 
in a capillary pipette according to procedure outlined by ASTM 
D 445. 

D2—Cold Tests 

(a) The cold test shall be determined by immersing a 125-ce 
oil-sample bottle containing 100 cc of the fluid in a bath which 
shall be maintained at—40 F for six days. At the end of this 
period the bottle is to be tilted from the vertical to the hori- 
zontal position, and the time that flow begins is to be recorded. 

(b) The freezing point shall be determined by maintaining 
a 125-cc oil-sample bottle containing 100 cc of the fluid at 
—60 F for 6 hr. At the end of this period, the bottle is to be tilted 
from the vertical to the horizontal position, and the time that 
flow begins is to be recorded. 

D8—Boiling Point—The apparatus required (Fig. 1) consists 
of a 100-cce round-bottom shortneck flask having a 19/38 female 
ground-glass joint, and a 10 mm outside diameter side-entering 
tube, a 400-F thermometer accurately calibrated for 3-in, 
immersion, and a straight-tube 200-mm jacket-length Liebig 
condenser, equipped with a 19/38 drip-tip male ground-glass 
joint at its lower end. Also three or four pieces of unglazed 
porcelain, each about 4 mm in diameter, are required. These are 
made by breaking up a porous plate made of unglazed porcelain, 
their function being to prevent superheating during the test. 

A 60-cc sample of the fluid together with three or four pieces 


| 


‘of porous plate shall be placed in the flask, the condenser at- 
‘tached, and the thermometer inserted through the side tube to 
lwithin 14 in. of the bottom center of the flask. A seal shall be 
made around the thermometer with a short piece of rubber 
_ tubing. The flask shall be mounted on an asbestos-centered wire 
gauze and the whole assembly held in place by a clamp. The 
jcondenser water is turned on and heat applied by a bunsen 
| burner or electric heater at such a rate that the fluid is brought 
{to its boiling point in 10 min. The rate of reflux is then adjusted 
| over another 10-min period to approximately 1 drop of reflux 
Ie sec. The temperature is then read, and after being corrected 
Nr barometric pressure according to ASTM D 86, it is taken 
| as the boiling point. 


Fluids boiling above 300 F may be considered satisfactory if a 
new sample is not refluxing at a greater rate than 1 drop per 
‘sec after being held at 300 F for 10 min. 
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| Fig, 1—Apparatus ror DreTeRMINING BorILInG Point 


D4—Flash Point—The flash point of the fluid shall be ob- 

_ tained in accordance with ASTM D 92. 
i i tee Preperation of the fluid shall 
be determined by placing a 10-ml sample in a Petri dish of 
approximately 3l4-in. diameter and weighing to the closest 
; 0.01 gm. The Petri dish and fluid shall then be placed in a 210 
+ 2 F air bath, free from drafts, for 48 hr. After this time the 


Petri dish shall be removed from the air bath and allowed to 
cool and reweighed to determine the weight of the fluid re- 
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maining. The per cent evaporation shall be calculated as follows: 


Per cent evaporation = a xX 100 


where R = weight of residue after heating 
W = initial weight of sample 

Quality of Residue—The residue remaining after the test out- 
lined in Section D5 (percentage) shall be examined for fluidity 
and oiliness and for the amount and nature of the precipitate. 
The residue shall then be held at a temperature of 32 + 2 F for 
2 hr and then examined for fluidity and oiliness. 

D —Water Tolerance—A 100-cc sample of the fluid shall be 
mixed with 34 cc of water. The mixture shall be maintained at 
temperatures of 140 and —40 F for a period of 24 hr each and 
examined for stratification and precipitation. 

Di—Neutrality—The pH shall be determined by the electro- 
metric method. To the fluid is added 5% (by volume) of distilled 
water and 100% (by volume) of an 80% ethyl alcohol, 20% 
water mix, which mix shall have been adjusted to 7.0 pH. The 
pH is to be taken at a fluid mixture temperature of 75 + 15 F. 

D—Alternative Method—If the fluid is miscible with an 
equal volume of water, then water may be used in place of the 
above alcohol-water mixture. 

D8&—Corrosion—The corrosion test shall be carried out as 
follows: 

The test strips, each of 20-35 sq ecm area (approximately 

314 x % x }¢ in.), shall be freed of scale, dirt, or oxidation 
products by polishing with a wire brush, steel wool, or soap 
and water as required, washed in water, then in alcohol, blown 
dry with air, and brought to equilibrium in a desiccator. (Do 
not use wire brush or steel wool on tinned-iron test strips.) 
The strips shall be weighed to the nearest 0.1 mg. The weighed 
strips, arranged in the order of tinned iron, steel, aluminum, cast 
iron, brass, and copper, shall be joined in metal-to-metal contact 
by fastening with a steel bolt or cotter pin passed through holes 
drilled near one end of each strip. The strips shall be so bent that, 
except for the small terminal area near the bolt or cotter pin, the 
strips shall not be in direct contact one with another. The strips 
shall then be inserted into a one-pint Mason jar in such manner 
that the bolted ends shall rest within the concavity of a new 
Lockheed FC-666-XO (compound 7712K) rubber cup, The 
350 ce of the fluid to be tested, diluted with 5% (by volume) of 
distilled water, and heated to approximately 200 F, shall then 
be poured into the test jar to submerge totally the test-strip 
assembly. The glass cover shall then be clamped on in a vapor- 
tight manner with the aid of a conventional Mason-jar rubber 
gasket and the test vessel held for 120 hr inanoven at 210 + 5F. 
At the end of the test period the strips are to be removed, the 
adhering fluid flushed off with water, the individual strips 
disengaged one from the other and cleaned to remove any 
adhering corrosion products. The strips. shall first be washed 
with a cloth wet with a 1:1:1 mixture of ethyl alcohol, acetone, 
and benzol to remove varnish, lacquer, and similar coatings. 
Coarse abrasives such as wire brushes or steel wool shall not be 
used for polishing following the corrosion test, but a mild abrasive 
such as Lava soap is permitted if solvent or mild nonabrasive 
soap washing does not produce bright strips. Polishing is com- 
pleted by rinsing in water, then in alcohol, drying with a jet of 
air, and bringing to equilibrium in the desiccator. The polished 
strips then be weighed to the nearest 0.1 mg. The corrosion loss is 
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determined by subtracting from the difference in weights before 
and after the test, the loss resulting from polishing only. This 
‘Nolishing only” loss may be assumed to be zero if a mild abrasive 
was not employed. If such a mild abrasive be required for 
cleaning, the “polishing only’’ loss shall be determined by sub- 
jecting an unused strip which has been well polished and weighed 
to a second polishing under as nearly as possible the polishing 
conditions employed on the strips after removal from the cor- 
rosion-test jar. The weight loss caused by this second polishing 
is the “polishing only” loss. 

The average of three tests shall be the corrosion loss. 

D9—Stability—A 70-cc sample of fluid together with a tri- 
sected Lockheed Manhattan FC-666-XO (compound 7712K) 
rubber cup and test strips of steel, aluminum, and copper, each 
approximately 5 sq cm in area (described in Table 2) is placed 
in boiling-point equipment (described in Section D3) and held 
at 295 F for 6 hr. After being held at 295 F for 6 hr, the boiling 
point shall not be less than 295 F. 

D10—Rubber Swelling—Absorption of liquid by rubber cups 
and washers used in hydraulic-brake systems shall be tested as 
follows: 

Cups—The cups used shall be 114-in. Lockheed Manhattan 
FC-666-XO (compound 7712K) and should not be more than 
three months old from date of production. Cups shall be free of 
lint and dirt, the base diameter determined to the nearest 
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thousandth of an inch with a micrometer, and the diameter re 
corded. In measuring base diameter of a cup, care shall be take 
that the micrometer does not extend more than 14, in. beyon 
the bottom edge of the cup. The diameter shall be taken as a 
average of two readings at right angles to each other. If thes 
two diameters differ more than 0.003 in., the cup shall be dis 
carded. 

Procedure—Two cups whose base diameters have been meas 
ured, shall be immersed in 75 ce of the fluid under test, in a 
8-0z screw-cap glass bottle and held at a temperature of 15 
+ 2 F fora period of 120 hr. After 120-hr exposure, the cups sha 
be removed from the bottle,washed quickly with ethyl aleoho 
dried with a clean cloth, and measured across the base with 
micrometer as before. This measurement shall be within 5 
10 min after taking the cup out of the fluid. The surface of th 
cups shall be visually examined. 

D11—Compatibility—F ifty-fifty mixtures of the fluid wit 
fluids currently used in new car production meeting SAE brake 
fluid specifications shall be prepared and held at 140 and —3 
F for 24 hr. The mixtures are then examined for evidence ¢ 
stratification or precipitation. 

D12—Lubrication—The following test procedure is intende 
for use in evaluating the lubricating quality of the brake fluic 


(Text continued on next page.) 
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1. The apparatus shall consist of: 

(a) One hydraulic-brake system master cylinder of 11%-in. 
diameter. 

(b) Four brake assemblies having 114-in. diameter wheel 
cylinders, together with brake drums. 

(c) A pressure relief or safety valve set for operation at a 
pressure of 500 + 50 psi. 

(d) A pressure gage satisfactory for operation at a pressure 
of 500 + 50 psi. 

(Note—A diagrammatic sketch of a suitable form of ap- 
paratus is shown in Fig. 2 and a list of parts typical of those 
which may be employed for assembly of the apparatus is given 
in the Appendix.) 

2. The master- and wheel-cylinder castings shall be of cast 
iron, and the pistons shall be of a suitable aluminum alloy. 
_ 3. Fifteen feet of 14-in. outside diameter copper tubing shall 
be used in assembling the apparatus. 

4. The apparatus shall be enclosed in a heated air bath con- 
trolled to a temperature of 158 + 5 F in the fluid in the master- 
cylinder reservoir. 

5. Mechanical] application of pressure to the master push rod 
shall be employed to simulate operation on the vehicle as closely 
as possible. 

6. All rubber parts shall be of natural rubber (Lockheed 


ha Manhattan compound 7712K). 


(Note—At present the manufacturer and supplier of these 
rubber parts is the Manhattan Rubber Manufacturing Division 
of Raybestos-Manhattan Company, Inc., Passaic, New Jersey, 
under the branding reference XO. Parts should be ordered in 
accordance with the part numbers listed below.) 


Part Part Number 
Master-cylinder primary cup..........FD-2398 (XO) 
Master-cylinder secondary cup........ FD-2399 (XO) 
Compensator check valve............. FC-3578 (XO) 
Wheel-cylinder cups.................. FC-666 (XO) 


(Note—New master- and wheel-cylinder units shall be pur- 
chased unassembled and must not be used for more than one 
test. No parts shall be used in any test unless these are in satis- 
factory condition on inspection prior to assembly of the ap- 
paratus. New rubber cups which shall not be more than three 
months old from date of manufacture must be employed for 
each test.) 

Test Procedure—The test procedure to be employed is as 
follows: : 

1. The rubber and metal-test parts shall be washed or flushed 
with a proprietary methy] or ethyl alcohol, dried, and inspected 
for corrosion or other defects. 

2. The fluid lines shall be cleaned and flushed with a proprie- 
tary methyl or ethyl alcohol and blown dry with dry air. 

3. Immediately after inspection, the test parts shall be dipped 
| into and coated with the fluid to be tested, the apparatus as- 

_ gsembled, and the test conducted promptly. 
4. The test fluid shall then be introduced into the apparatus 
and the system bled free of air. 

5. The stroke of the master-cylinder push rod shall be ad- 
justed to be as nearly as possible along the centerline of the 
cylinder to avoid side thrust and excessive wear. 

6. At the start of the test the brake shoes shall be adjusted 
concentric with the brake-assembly axis to provide a diametral 


clearance of 0.080 in. between the shoes and the drums (0.040-in. 
clearance on each side). 

7. The stroke shall be adjusted to give a maximum pressure 
of 500 + 50 psi as measured by a pressure gage installed in the 
fluid line. 

8. Stroking shall be at the rate of 1000 +100 strokes per 
hr and the tests shall be continued for a total of 150,000 strokes. 

9. At the end of the test the condition of the parts as dis- 
assembled shall be noted, following which the parts shall be 
washed with a proprietary methyl or ethyl alcohol and further 
inspected immediately. 

10. If mechanical difficulties which cannot be attributed to 
the fluid are encountered during the test, the test shall be re- 
peated. 

D13—Residue—A complete brake-wheel cylinder assembly (1 
to 134 in. in diameter), except boots, having an iron housing and 
aluminum pistons shall be used for the test. It shall be carefully 
cleaned to remove all traces of residual brake fluid or rust- 
preventive oil. After cleaning, the parts shall be rinsed with 
ethyl! alcohol and dried. All parts shall then be assembled using 
a, wire or clamp to hold the pistons approximately 14 in. inside 
the cylinder. While assembling, each part shall be dipped into 
the brake fluid under test. After assembly, 5 ml of the brake 
fluid under test shall be added to the assembly through the 
inlet connection. The bleeder opening shall be tightly closed. 
With the inlet connection fitting removed, the assembly shall be 
placed in an oven with the bleeder connection in an upward 
position. The assembly shall be kept in the oven at temperature 
of 158 + 5 F for fourteen days. After the fourteen days, the 
assembly shall be carefully disassembled to observe conform- 
ance with the requirements specified in Section C6. 


Moderate-Duty Type (SAE R 72) 


E—Type—These specifications cover brake fluids of the non- 
mineral oil type for use in the atmospheric range of approxi- 
mately 130 to —20 F in highway vehicles where the brake fluid 
is not exposed to severe operating conditions. 

F—Material—The materials used shall be such that the 
resulting compound will conform to the requirements of this 
specification. 

G—Detail Requirements—Hydraulic-brake fluids covered by 
these specifications shall be in accordance with Table 2 and 
Table 3, and Sections G1, G2, G38, G4, G5, G6, and G7. 

G1—Corrosion—Same requirements as in Section G1. 

G2. Stability—The boiling point shall not be less than 225 F 
after the fluid has been held at 225 F for 6 hr in the presence of a 
rubber cup (Lockheed Manhattan FC-666-XO) and steel, alu- 
minum, and copper test strips described in Table 2 in accordance 
with Section H9. 

G3—Rubber Swelling—Same as Section C3. 

G4—Compatibility—No liquid stratification, but slight pre- 
cipitation may be evident when the fluid is tested according to 
Section H11. 

G5—Lubrication—Same as Section C5. 

G6— Residue—Same as Section C6. 

G7—Evaporation—Percentage—Not more than 85% (by 
weight) of the hydraulic-brake fluid shall be evaporated when it 
is subjected to the test described in Section H5. 

Quality of Residue—The residue from the evaporation test 
described in Section H5 shall be fluid and oily and shall contain 
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not more than a slight precipitate. Any such precipitate shall 
not feel gritty when rubbed against the test container with the 
finger tip. The residue shall remain fluid and oily while held at 
32 + 2 F for 2 hr. 


TABLE 3—Required Tests for SAE R 72 


TESTS TEST LIMITS 

Viscosity (kinematic) at —20 F, max 1000 centistokes 

Viscosity (kinematic) at 130 F, min. 3.5 centistokes 

Cold test (24 hr at —20 F)......... Shall begin to flow within 
5 sec after the sample 
bottle is tilted from the 
vertical to horizontal posi- 
tion. No _ stratification. 
Slight precipitation per- 
mitted. 

Boiling pom, bysminie, sere ee 230 

Flash pointe Ei inins ate een eee 100 

Water tolerance (3.5 cc of water at 

L20 paride OME, tence er ee tee Shall begin to flow within 

5 sec after the sample 
bottle is tilted from the 
vertical to horizontal posi- 
tion. No stratification. 
Slight precipitation per- 
mitted. 

Neutrality cee saute: pH 5.0 to 9.5 

Neutrality (after corrosion test).... pH 5.0 to 9.5 


H—Methods of Test—The fluid sample shall be tested using. 


the methods prescribed in Sections H1 to H18 inclusive. 

H1—Viscosity—Same as Section D1. The viscosity of the 
fluid shall be determined in a capillary pipette according to 
procedure outlined by ASTM D 445, 

H2—Cold Test—The cold test shall be determined by im- 
mersing a 125-cc oil-sample bottle containing 100 cc of the fluid 
in a bath which shall be maintained at —20 F for 24 hr. At the 
end of this period the bottle is to be tilted from the vertical to 
the horizontal position, the time that flow begins is recorded, 
and the material is examined for stratification and precipitation. 

H8—Boiling Point—The apparatus required (Fig. 1) consists 
of a 100-ce round-bottom, shortneck flask having a 19/38 female 
ground-glass joint and a 10-mm outside diameter side-entering 
tube, a 400-F thermometer accurately calibrated for 3-in. im- 
mersion, and a straight-tube 200-mm jacket-length Liebig con- 
denser, equipped with a 19/38 drip-tip male ground-glass joint 


at its lower end. Also three or four pieces of unglazed porcelain, 
each about 4 mm in diameter are required. These are made by 
breaking up a porous plate made of unglazed porcelain, their 
function being to prevent superheating during the test. 

A 60-ce sample of the fluid together with three or four pieces 
of porous plate shall be placed in the flask, the condenser at- 
tached, and the thermometer inserted through the side-tube to 
within 14 in. of the bottom center of the flask. A seal is to be 
made around the thermometer with a short piece of rubber 
tubing. The flask is mounted on an asbestos-centered wire gauze 
and the whole assembly held in place by a clamp. The condenser 
water is turned on, and heat is applied by a bunsen burner or 
electric heater at such a rate that the fluid is brought to its 
boiling point in 10 min. The rate of reflux is then adjusted over 
another 10-min period to approximately 1 drop of reflux per sec. 
The temperature is then read, and after being corrected for 
barometric pressure according to ASTM D 86, it is taken as the 
boiling point. 

Fluids boiling above 230 F may be considered satisfactory if a 
new sample is not refluxing at a greater rate than 1 drop per sec 
after being held at 230 F for 10 min. 

H4—Flash Point—Same as Section D4. 

H5—Evaporation—Same as Section D5. 

H6—Water Tolerance—A 100-cc sample of the fluid shall be 
mixed with 344 cc of water. The mixture shall be maintained 
at a temperature of 120 and —10 F for a period of 24 hr each. 
At the end of this period the bottle is tilted from the vertical to 
horizontal position, the time flow begins is recorded, and the 
material is examined for stratification and precipitation. 

H7—Neutrality—Same as Section D7. 

H8&—Corrosion—Same as Section D8. 

H9—Stability—A 70-cc sample of fluid together with a tri- 
sected Lockheed Manhattan FC-666-XO (compound 7712K) 
rubber cup and the test strips of steel, aluminum, and copper, 
each approximately 5 sq cm in area (described in Table 2) is 
placed in boiling-point equipment and held at 225 F for 6 hr. 
After being held at 225 F for 6 hr, the boiling point shall not be 
less than 225 F. 

H10—Rubber Swelling—Same as Section D10. 

H11—Compatibility—Fifty-fifty mixtures of the fluid with fluids 
currently used in new car productionand meeting SAE brake-fluid 
specifications are prepared and held at 140 and —20 F for 24 
hr. The mixtures are then examined for evidence of stratifica- 
tion or precipitation. 

H12—Lubricateon—Same as Section D12. 

H13—Residue—Same as Section D13. 


Appendix 


Apparatus—A list of parts which may be employed in the 
assembly of the apparatus is as follows: 

Master Cylinder—1}4-in. diameter, to include cast-iron cylin- 
der, aluminum-alloy piston, and natural-rubber valves, and 
cups of XO compound (one required). 

(Such a master cylinder is manufactured by the Wagner 
Electric Corp., St. Louis, Mo., Part No. FE-1193.) 

Brake Assembly—11 x 2 in. with shoes and lining, but without 
wheel cylinders (four required). 

(Such a brake assembly is manufactured by the Wagner 


Electric Corp., St. Louis, Mo., Part No. FE-2636, less wheel 
cylinder.) 

Wheel Cylinder—114-in. diameter straight bore, to include 
cast-iron cylinder, aluminum-alloy pistons, and natural-rubber 
cups of XO compound (four required). 

(Such a wheel cylinder is manufactured by the Wagner Electric 
Corp., St. Louis, Mo., Part No. FD-6769.) 

Brake Drum—11 x 2-in. cast-iron rim steel backing (four 
required). 

(Such a brake drum is manufactured by the Budd Manu- 


facturing Co., Philadelphia, Pa., Part No. 8388.) 

Hydraulic Gage—414-in. dial face, satisfactory for operation 
at 500 + 50 psi (one required). 

(Such an hydraulic gage is manufactured by Ashcroft, Part 
No. 0-1000 No. 1079E, 414-in. dial face.) 

Shutoff Valve—14-in. (one required) optional. 

(Such a shutoff valve is manufactured by the Crane Co., 
Chicago, Ill., Part No. 222H, 34 in.) 

Safety Valve—}4 in. (one required). 
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(Such a safety valve is manufactured by the Crane Co., 
Chicago, Ill., Part No. 1128, 14 in.) 

Pipeline—14-in. outside diameter copper or steel tubing, line 
tees, bushings, tube nuts, gaskets, and fittings (one required). 

Stroking Actwator—Motor and reducing-gear box or equivalent 
(one required). 

Oven—Sufficient to handle apparatus in accordance with the 
specifications (one required). 


SAE Recommended Practice 


|| Report of Miscellaneous Division approved June 1911 and last revised by Fuels and Lubricants Technical Committee October 1950. 


{The original specifications for crankcase oil, first adopted as 
Specification No. 26 in June 1911, gave specific gravity, flash, and 
fire tests, and carbon residue as well as viscosities: With subsequent 
growth and development in petroleum refining, the standard was 
extended in 1923 to include specifications for ten owls, including two 
with low pour test, classified on the basis of their viscosity ranges. 

This extended specification did not prove practical, however, 
because of the differences in characteristics of oils refined from 
different base crudes and the use of marketing designations such as 
“Tight” and “medium” which did not relate to oils of similar char- 
acteristics among the different brands. Consequently, in July 1926 
a new classification was adopted under which oils were grouped on 
the basis of viscosity ranges only and other characteristics omitted. 
This was modified in January 1989; and effective May 15, 1950, 


1] f the SAE 60 and 70 grades in the January 1939 version of the 
classification were cancelled. Effective October 3, 1950, the entire 


classification was revised and supplemented by discontinuing the 
SAE 10 grade and including the SAE 5W, 10W, and 20W grades. 
For the previous classification, the use of which is optional for 18 
months after revision, see the 1950 SAE Handbook, SAE Recom- 


| mended Practice for Crankcase Oil Classification.] 


The SAE viscosity numbers constitute a classification for 


_ erankease lubricating oils in terms of viscosity only. Other 
b - factors of oil character or quality are not considered. 


Viscosity numbers without an additional symbol are based on 
the viscosity at 210 F. Ri 
Viscosity numbers with the additional symbol ‘“‘W”’ are based 


__ on the viscosity at 0 F. 


The viscosity of oils included in this classification for use in 
crankeases shall not be less than 39 sec at 210 F, Saybolt Uni- 
~-versal. 

Viscosity values are given in Table 1. 


TABLE 1—Viscosity Values for Crankcase Oils 


VISCOSITY RANGE, SAYBOLT UNIVERSAL, SEC 
SLE at OF at 210 F 
Minimum Maximum Minimum Maximum 
5W oS 4,000 —_— a 
10W 6, 000 less than — — 
12,000 
20W 12, 000° 48,000 — — 
20 = — 45 less than 58 
30 — = 58 less than 70 
40 =~ — 70 less than 85 
50 — a 85 110 


* Minimum viscosity at 0 F can be waived provided viscosity at 210 F is not below 
40 sec, Saybolt Universal. eee: 
Minimum viscosity at 0 F can be waived provided viscosity at 210 F is not below 
45 sec, Saybolt Universal. 


In the case of prediluted oils, SAE viscosity numbers by which 
the oils are classified shall be determined by the viscosity of the 
undiluted oils. 

Wherever the SAE viscosity numbers are used on prediluted 
oils, the container labels should show in some suitable manner 
that the SAE number applies to the undiluted oil. 
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Effective Dates of Revisions 


SAE General Information 


Report of Lubricants Division approved January 1942 and last revised by Fuels and Lubricants Technical Committee January 1949. 


[The policy of this SAE General Information was adopted in 
order to minimize disturbances in marketing oils.] 


When a new lubricant classification is recommended by the 


Temperatures for Recommending 


Crankease Oils 


Technical Committee, it shall be effective in use immediately upon 
approval by the Society. When an existing classification is 
modified or cancelled, field application immediately following 
adoption of such changes is optional but shall be fully effective 
eighteen months after such adoption. 


SAE General Information 


Report of Lubricants Division approved January 1942 and last revised by Fuels and Lubricants Technical Committee January 1949, 


Since viscosity is recognized as the most important single 
factor, the selection of a winter crankcase oil must be based on the 
lowest anticipated atmospheric temperature, while the selection 
of a summer lubricant should be based on the higher temperatures 
expected during the day. 


Crankease-Oil Viscosities 


TABLE 1—Temperatures for Recommending Crankcase Oils 


ANTICIPATED MINIMUM TEMPERATURES,® F DAYTIME TEMPERATURES, F 


Less than —10 


—10 +10 | 32 Above 90 


® Basis for engine starting conditions. 


SAE General Information 


Report of Lubricants Division approved January 1941 and last revised by Fuels and Lubricants Technical Committee January 1949. 


[In view of the need for a uniform method of determining the 
low-temperature viscosity of oils, the Lubricants Division recom- 
mended to the American Society for Testing Materials that a 
standard viscosity temperature chart be developed. ASTM Chart 
D 341—82T was endorsed in June 1933 by the Division and the 
Society for use in the automotive industry. Subsequent changes 
were endorsed in January 1988. The revised ASTM Charts re- 
ferred to in this General Information were endorsed by the Fuels 
and Lubricants Technical Committee in June 1947). 


Viscosity Temperature Charts—Viscosities at temperatures 
other than standard ASTM viscosity temperatures shall be 
determined by extrapolation or interpolation of ASTM Charts 
D 341—43. = 

Note—The following charts (comprising ASTM D 341) are 
available from the American Society for Testing Materials, 
1916 Race Street, Philadelphia 3, Pa. 

Chart A—Saybolt viscosities of 33 to 100,000,000 sec; —30 
to +450 F (size 20 x 16 in.). 

Chart B—Saybolt viscosities of 33 to 100,000 sec; —30 to 
+350 F (size 814 x 11 in.). 

Chart C—Kinematic viscosities of 2.0 to 20,000,000 centi- 
stokes; —30 to +450 F (size 20 x 16 in.). 


Chart D—Kinematic viscosities of 0.40 to 100 centistokes; 
—30 to +450 F (size 20 x 20 in.). 

Chart E—Kinematic viscosities of 2.0 to 20,000,000 centi- 
stokes; —100 to +450 F (size 26 x 20 in.). 

Method of Estimating Viscosity at 0 F—The viscosity at 0 
F of engine crankcase oils and transmission and rear-axle lubri- 
cants shall be estimated by extrapolation on the ASTM Viscosity 
Temperature Charts, ASTM D 341—48, from kinematic vyis- 
cosities determined by the Tentative Method of Test for Kine- 
matic Viscosity, ASTM D 445—46T, at two temperatures that 
are at least 60 F apart (for example, 70 and 130 F or 100 and 210 
F) or from Saybolt viscosities determined by the Standard 
Method of Test for Viscosity by Means of the Saybolt Viscosim- 
eter, ASTM D 88—44, at 70 and 130 F in the case of low- 
viscosity engine crankcase oils (below SAE 30) and at 100 and 
210 F in the case of high-viscosity engine crankcase oils and 
transmission or rear-axle lubricants. 

The error in estimating viscosities at 0 F is cumulative and is 
far greater than the errors in individual viscosity determinations. 
Assuming absolute accuracy in extrapolating on the viscosity 
temperature chart, an error of +0.5% in the viscosity 
determinations at 100 and 210 F may result, in the 
case of an oil having a viscosity of 12,000 sec at 0 F, in an error 
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of 10 to 15% in the estimated viscosity at 0 F. To this error, 
resulting solely from errors in viscosity determinations, must be 
added the actual error involved in the process of extrapolation, 
which should not exceed an additional 15%. With proper at- 
tention to details of procedure outlined in the ASTM methods, 
the estimated viscosity at 0 F, reported by experienced operators 
working in different laboratories with standardized equipment, 
should not differ more than the amounts shown as follows: 
Maximum Error in 


Estimated Viscosity at 0 F Estimated Viscosity 
Extrapolated from ator 


Saybolt viscosities determined at 100 and 210 F... +20% 
Saybolt viscosities determined at 70 and 130 F.... +10% 
Kinematic viscosities determined at 100 and 210 F.. +10% 
Kinematic viscosities determined at 70 and 130 F... +5% 


Crankcase-Oil Types 


Report of Fuels and Lubricants Technical Committee approved February 1947. 


[This SAE General Information relating to the American 
Petroleum Institute crankcase-oil type definitions was prepared 
by the SAE Fuels and Lubricants Technical Committee to assist 
the users of automotive equipment in the selection of oils for the 
operating conditions described.) 


Up to 1945, automotive crankcase oils were classified in terms 
of viscosity only, other factors of oil quality or character not 
being considered. By that time, developments in refining meth- 
ods and treatments had led to an increased variety of oils which 
the Lubrication Committee, Division of Marketing of the 
American Petroleum Institute, has designated as follows: 

“Regular Type—This term designates motor oil generally 
suitable for use in internal-combustion eingines under moderate 
operating conditions.” 

“Premium Type—This term designates motor oil having the 
oxidation stability and bearing corrosion-preventive properties 
necessary to make it generally suitable for use in internal- 
combustion engines where operating conditions are more severe 
than regular duty.” 

' “Heavy-Duty Type—This term designates motor oil having the 

oxidation stability, bearing corrosion-preventive properties, and 
detergent-dispersant characteristics necessary to make it gen- 
erally suitable for use in both high-speed diesel and gasoline 
engines under heavy-duty service conditions.” 

Moderate or Average Conditions—For years many passenger- 
car and truck engines have been lubricated with motor oils 
which are now designated by API as Regular-Type motor oils. 
The majority of gasoline engines in use today, particularly in 
passenger cars, when operated under ordinary driving conditions 


If the viscosity at 0 F is extrapolated from kinematic values 
determined at 100 and 210 F or from Saybolt values determined 
at 70 and 130 F, in accord with the recommended practice, the 
error in the estimated viscosity at 0 F may be as high as 410%. 
Therefore, an oil having an estimated viscosity of 12,000 SUS 
on the old chart and 12,000 SUS on the new chart may be reported 
as high as 13,200 Saybolt sec. If the viscosity at 0 F is extra- 
polated from Saybolt values determined at 100 and 210 F 
(this practice is not recommended because of the difficulty of 
accurately determining Saybolt viscosity at 210 F), the error 
may be as high as +20%, and an oil having an estimated vis- 
cosity of 12,000 SUS at 0 F on the chart may be reported as 
high as 14,400 SUS without any actual change in the viscosity 
of the lubricant. 


SAE General Information 


can continue to be serviced with such oils as satisfactorily as in 
the past. 

More Severe Conditions—As ordinarily used, the engine of a 
passenger car is seldom required’to develop its full power. If, 
however, the same engine is used in a different type of service, 
as in mountain climbing, fast acceleration, or sustained high- 
speed driving, or is installed in a light truck, bus, tractor, motor- 
boat, or industrial equipment, it may have to operate at full 
power or more nearly full power for a much larger percentage of 
the time. Under these conditions the temperature of practically 
all operating parts of the engine will be higher than in the same 
engine when used under moderate or average driving conditions. 
Excessive heating is harmful to all lubricating oils because under 
elevated temperatures oxygen combines with the oil forming 
oxidation products to a greater or lesser extent depending on 
conditions. These oxidation products will contaminate the oil 
and may form harmful deposits on vital engine parts. Oils 
having improved stability and oxidation resistance may ac- 
cordingly be required under these conditions. Such oils will 
give satisfactory service under moderate as well as the more 
severe conditions just described. API has designated oils of this 
type as Premium-Type motor oils. 

Heavy-Duty Conditions—Oils possessing detergent qualities, 
in addition to improved oxidation resistance, may be required in 
many heavy-duty operations, such as prevail in sustained high- 
speed travel under heavy loads in some truck and bus operations. 
Oils of this type which have proved oxidation stability, bearing 
corrosion-resisting properties and detergent-dispersant charac- 
teristics, are designated by the American Petroleum Institute 
as Heavy-Duty Type oils. (As an example, oils that meet the 
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engine-test requirements of US Army Specifications 2-104B or 
the US Navy Specifications 14-0-13A, commonly known as the 
9000 series, are designated as Heavy-Duty Type motor oils.) 
These oils are recommended for high-speed diesel engines and for 
gasoline engines in heavy-duty bus, truck, tractor, marine, or 
industrial service. Oils of this type are also in use under the 
moderate and more severe conditions described above, in ac- 
cordance with the recommendation of the equipment manu- 
facturer or the oil supplier. 


Engine Tests 
for Evaluating Crankcase Oils 


Other Factors Related to Oil Performance—Satisfactory per- 
formance of engines in service is dependent upon five factors: 
operating conditions, maintenance, engine design, fuel, and 
lubricating oil. 

Although the crankcase oil is an important factor in engine 
performance, each of the other items is also vitally important. 
Satisfactory engine performance requires the utmost care in 
proper selection of the oil and continual attention to the other 
factors. 


SAE General Information 


Report of Lubricants Division approved January 1942 and last revised by Fuels and Lubricants Techniéal Committee January 1950. 


In December 1934, Subdivision B, Effect of Lubricants on 
Bearing Metals, was appointed under the SAE Lubricants 
Division to study the effects of chemical composition of crank- 
case oils on bearings, primarily the copper, lead, and cadmium 
types. At the request of the Subdivision, Committee D-2 of 
ASTM appointed a collaborating Subcommittee on Corrosion 
Tests of Lubricating Oils, and the first progress report! was 
presented at the ASTM Annual Meeting in June 1937. In 
January 1940 the Subdivision was changed to Subdivision B, 
Effect of Stability on Performance of Lubricants, and soon 
thereafter an Automotive Group and a Petroleum Group were 
designated to study their respective phases of the project. 


1 Tests to Determine the Corrosive Properties of Oils as Related to Bearing Metals. 
Report to ASTM Committee D-2, Subcommittee I on Corrosion Tests of Lubricating 
Oils, June 28, 1937. 

2The Testing of Heavy-Duty Motor Oils, by H. C. Mougey and J. A. Moller, 
API, November 3-7, 1941 and SAE, January 16, 1942. Published in SAE Transactions, 
Vol. 50, October, 1942, pp. 417-438. 

3 ASTM Proceedings, Vol. 42, 1942, pp. 326-340. Proposed Method of Test for Oxi- 
dation Characteristics of Heavy-Duty Crankease Oils. 


Through a comprehensive series of tests? in which the labora- 
tories of a number of automotive and petroleum companies 
cooperated, an engine test for measuring bearing corrosion and 
for determining the oxidation resistance of crankcase oils was 
developed. The principles of this test were approved by the SAE 
Lubricants Division and the method was referred to the ASTM 
for standardization. It was published for information by the 
ASTM in the 1942 Report of ASTM Committee D-2.3 . 

Cooperative research in connection with this test and engine 
tests to measure other properties of the oil, such as detergency, 
ring-sticking, and piston scuffing, is being carried out under the 
direction of the coordinating Lubricants and Equipment Re- 
search Committee of the Coordinating Research Council, Ine. 
30 Rockefeller Plaza, New York 20, N..Y., from whom the latest 
information on these and similar research techniques may be 
obtained 


Transmission- and Axle- 
Lubricant Classification 
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SAE Recommended Practice 


Report of Lubricants Division approved February 1924 and last revised by Fuels and Lubricants Technical Committee September 1948. 


The SAE viscosity numbers for transmission and rear-axle 
lubricants constitute a classification in terms of viscosity and of 
consistency at low temperatures only. Other factors of quality or 
character are not considered. See Table 1 for viscosity values. 

In the case of SAE 80, the minimum viscosity limit is not 


TABLE 1—Viscosity Values for Transmission and Axle Lubricants 


SAE viscosity VISCOSITY RANGE, SAYBOLT CONSES DENCY ust 
NUMBER UNIVERSAL SS neeae ay 
80 100,000 sec at 0 F, max —20 F 
90 800 to 1500 sec at 100 F OF 
140 120 to 200 sec at 210 F +35 F 
250 200 sec at 210 F, min 


specified since this grade is special for use at very low tempera- 
tures at which SAE 90 would be too heavy. The oil company 
furnishing the lubricant shall be responsible for maintaining a 
sufficiently high minimum viscosity to provide satisfactory lubri- 
cation. In a similar manner the maximum viscosity limit for SAE 
250 is not specified, since this grade is a special one for tempera- 
tures at which SAE 140 is too light. The oil company furnishing 
this lubricant shall be responsible for maintaining a sufficiently 
low maximum viscosity to provide satisfactory shifting of gears 
without channeling at the lowest temperature for which the 
lubricant is recommended. 

In the case of fluid grease made by adding soap or other thick- 
ening ingredients to oil, the viscosity number by which the 
lubricant is classified shall be determined by the viscosity of the 
oil before the addition of the soap or other thickening ingredients. 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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Temperatures for Recommending 


Gear Lubricants 


Report of the Fuels and Lubricants Technical Committee approved January 1951. 


Viscosity is recognized as a very important factor in the proper 
functioning of a gear lubricant, not only for high operating 
temperatures but also for lowest anticipated atmospheric tem- 
peratures. In recommending gear lubricants based on lowest 


Transmission- and Axle- 


Lubricant Types 


SAE General Information 


anticipated atmospheric temperatures, the following are sug- 
gested as a uniform practice in making such recommendations: 


+32 F +10 F -10F 


SAE General Information 


Report of Lubricants Division approved February 1924 and last revised by Fuels and Lubricants Technical Committee January 1951. 


[This SAE General Information relating to the API-approved 
designations for automotive transmission and differential lubricants 
was prepared by the SAE Fuels and Lubricants Technical Com- 
mittee to assist the users of automotive equipment in the selection 
of lubricants for the operating conditions described.] 


In transmissions and particularly in rear axles, gears of different 
designs are employed under a variety of different service con- 
ditions. Selection of a gear lubricant for any specific gear applica- 
tion for use under any specific service condition involves careful 
consideration of the lubrication requirements of the gears and 
the performance characteristics of the gear lubricant. 

Gear sets which, because of design and application, operate 
under tooth pressures or rubbing velocities or both in excess of 
the safe limits for mineral oil alone necessitate the use of oils 
compounded with other materials for the purpose of maintaining 
an adequate factor of safety. The duty imposed on the lubricant 
by some gear sets in this class may be only slightly in excess of 
the load-carrying capacity of straight mineral oil, whereas in 
other cases it is greatly in excess. 

All oils compounded to increase load carrying capacity may be 
identified as extreme-pressure lubricants. However, since the 
term extreme pressure means that the load carrying capacity is 
substantially greater than that of mineral oil of the same viscosity 
without any distinction as to how much greater it may be, it is 
necessary to indicate further the degree of load-carrying capacity 
required in the several types of gear sets. 

Up to 1947, transmission and differential lubricants were 
described by a great variety of designations, each designation 
attempting to describe both the lubricant as well as the service 
conditions under which the lubricant must perform. Consolida- 
tion and subsequent simplification of the many variables en- 
countered in transmission and differential lubricant testing have 
resulted in the development of designations for transmission and 
axle lubricants by the Lubrication Committee, Division of 
Marketing, API, approved by the General Committee of API 
November 11, 1947 and adopted by API January 27, 1948. 


1 “Transmissions of nonautomatic type require SAE 80, 90, 140, or 250 viscosity 
grade gear lubricants. Automatic or semiautomatic transmissions, fluid couplings, 
torque converters, and tractor hydraulic systems may require special lubricants. 
For the proper lubricant corisult the manufacturer.” 


These API type designations and their respective applications 
are as follows: 

“Regular-Type Gear Lubricant—This term designates gear 
lubricants generally suitable for use in automotive transmissions! 
and in most spiral-bevel and worm-gear differentials.”’ 

“Worm-Type Gear Lubricant—This term designates gear 
lubricants generally suitable for use in truck-type worm-gear 
rear axles under very severe conditions of service.” 

“Mild-Type EP Gear Lubricant—This term designates gear 
lubricants having load-carrying properties suitable for many 
automotive transmissions: and spiral-bevel differentials under 
severe conditions of speed and load.” 

“Multipurpose-Type Gear Lubricant—This term designates 
gear lubricants having load-carrying properties suitable for 
hypoid gear and other types of differentials and many trans- 
missions.” 

Service Applications—Regular-Type Gear Lubricants—In some 
gear sets, tooth pressures and rubbing velocities are low enough 
so that the gears can be satisfactorily lubricated with straight 
mineral oils. These oils are identified as Regular-Type Gear 
Lubricants. 

Worm-Type Gear Lubricants—In some worm-gear sets, tooth 
pressures or rubbing velocities are such that they cannot safely 
be lubricated by regular-type gear lubricants. For lubricants 
designed to meet these extreme conditions a special designation 
has been developed. These lubricants are identified as Worm- 
Type Gear Lubricants. 

Mild-Type EP Gear Lubricants—Some transmissions and par- 
ticularly some spiral-bevel gear rear axles show a tendency to 
score and wear unduly when operated under extreme service 
conditions on regular-type gear lubricants. These gear sets may 
function satisfactorily on mild extreme-pressure lubricants which 
have load-carrying capacities in excess of regular-type gear 
lubricants. 

Multipurpose-Type Gear Lubricants—Gears are in general use 
for which a lubricant having the highest possible load-carrying 
capacity is needed for most conditions of speed and torque. 
Typical of such gears are the hypoid type used in passenger cars 
and trucks. The multipurpose-type lubricants are designed to 
provide maximum protection at high speed in passenger-car 
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axles and maximum protection under the low-speed, high- 
torque conditions existing in heavy-duty truck service. These 
lubricants are also suitable for spiral-bevel differentials and 
many transmissions. Lubricants of this type are designated as 
Multipurpose-Type Gear Lubricants. The term multipurpose 
does not mean that a single viscosity grade may be used for all 
applications under all climatic conditions; the proper viscosity 
grade must be selected for each application. 

For use in axles in regular service, the multipurpose-type gear 
lubricants have practically replaced those lubricants referred to 
in previous editions of the SAE Handbook as passenger-car type 
hypoid and truck-duty hypoid lubricants. The passenger-car 
type hypoid lubricant is still used by several manufacturers for 
the initial or factory fill of passenger-car hypoid rear axles. 

Other Factors Related to Gear-Lubricant Performance—So 
far, no generally accepted method of test for determining the 
load-carrying capacity of the several types of gear lubricants on 
a common numerical scale has been developed to the point 
where it can be made the basis of an SAE classification. Full- 
scale tests under varying service conditions on gears of the type 


_ to be lubricated constitute the only satisfactory existing method 


of evaluating gear lubricant performance. 
In addition to load-carrying capacity, each manufacturer of 


_ gear lubricants has to consider many other factors, of which 


some of the most important are considered in the following 
sections. 

Viscosity—Viscosity determines ease of gear shifting and 
influences channeling at low temperatures. It has some bearing 
on load-carrying capacity, leakage, and in some instances, gear 
noise. The proper viscosity, regardless of the load-carrying 
ability of the lubricant, depends upon design and operating 
conditions, especially temperature. In general, for passenger-car 
service, one viscosity grade is satisfactory for year-round service; 
for trucks, buses, and other heavy-duty equipment, two viscosity 
grades are commonly recommended. However, for extremely 
low or high operating temperatures and for extremes in climatic 
conditions, a lower or higher SAE viscosity grade may be necessary. 

The SAE Viscosity Numbers for transmission and rear-axle 
lubricants were selected to prevent confusion with the SAE 
numbering system for crankcase oils. Prior to 1950, SAE Vis- 
cosity Numbers for crankcase oils ranged from SAE 10 to SAE 
70. The grade numbers chosen for gear lubricants were of a 
higher series, without regard to any relationship of actual 
viscosity ranges in the two series. Although the SAE viscosity 
grade numbers for gear lubricants are higher than those for 
crankcase oils, it does not necessarily follow that all gear lubri- 
cant grades are higher in viscosity than those for crankcase oils. 
For example, SAE 20 and 30 crankcase oils and SAE 80 gear lubri- 
cant may have the same viscosity characteristics; and, also, SAE 
40 and 50 crankcase oils and SAE 90 gear lubricant may have 
similar viscosity characteristics. With the knowledge of viscosity 
and consistency of a motor oil at the temperatures at which the 
gear-lubricant classification is based, the compliance of a motor 
oil with a gear-lubricant classification grade can be determined. 
Such compliance is limited to SAE 80 and 90 grade gear lubri- 
cants, since the latest revision of the SAE Crankcase Oil Classi- 
ficat on on October 3, 1950 does not include a grade with a vis- 
cosity higher than 110 at 210 F. 


Channeling—It is of importance that under low-temperature 
conditions the lubricant should not “set”? or “channel” but 
should flow readily between contacting surfaces. This is partic- 
ularly so in the case of highly stressed gears such as hypoid and 
some spiral-bevel types where absence of lubricant even for a 
short period may result in rapid scoring or scuffing. 

The pour point of a gear lubricant is not a complete index in 
determining whether the lubricant will feed satisfactorily and 
not channel at low temperatures. The viscosity of the lubricant 
and its characteristics when approaching solidification are the 
major influencing factors. 

Stabthty and Oxidation Resistance—It is important that chemi- 
cal and physical properties be maintained uniformly in storage. 
Abnormally high or low temperatures during storage may cause 
formation or separation of materials that may alter the original 
properties of the lubricant. Length of time and temperature in 
storage and also operating temperatures and mileage in service 
are major factors affecting properties of any lubricant. 

For transmissions and rear axles of conventional construction 
in passenger cars and in normal conditions of service, tempera- 
tures of the lubricant may not be high enough to make resistance 
to oxidation of paramount importance. For severe conditions of 
service, particularly in trucks and buses where high temperatures 
occur, oils of superior oxidation resistance are generally to be 
preferred. This property is normally imparted to lubricants in 
greater degree by use of highly refined mineral oils in the lubri- 
cant. 

Solid Matter—In general, lubricants containing solid materials 
in suspension are undesirable for ball or roller bearings in trans- 
missions and rear axles. They may cause abrasion and wear. 

Foaming—Excessive foaming of a lubricant in service is 
extremely objectionable. Excessive foaming will cause leakage 
and deplete the supply of lubricant in the housing. 

Chemical Activity, Corrosion, and Wear—In order to obtain 
very high load-carrying capacity, chemical agents are usually 
employed as compounding ingredients. Such addition agents 
may introduce corrosion problems. However, blackening or 
darkening of brightly polished copper or other metal surfaces in 
contact with a lubricant does not necessarily indicate that the 
lubricant will cause harmful corrosion in service. Corrosion 
may be avoided by choice of a lubricant containing the proper 
combination of chemical additives. 

It is also necessary that attention be given to the possibility 
that rate of wear on gears and bearings may be affected by the 
nature of the ingredients used to give high load-carrying capacity. 

Mixing Gear Lubricants—When gear lubricants of different 
types are mixed, the load-carrying properties of the mixture will, 
in general, be intermediate to the load-carrying properties of the 
individual lubricants. For example, mixing a regular-type gear 
lubricant with a multipurpose-type gear lubricant will increase 
the load-carrying capacity of the regular-type gear lubricant 
but will decrease the load-carrying capacity of the multipurpose- 
type gear lubricant. The extent of this change in load-carrying 
capacity depends in part on the load-carrying capacity of the 
individual lubricants and on the relative amount of each present 
in the mixture. Other properties of the lubricants may be affected 
in a similar manner, whether the lubricants being mixed are new 
or used. ; 
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Corresponding Ranges in Kinematic, 
Redwood, and Engler Viscosities 


CORRESPONDING RANGES IN KINEMATIC, REDWOOD, AND ENGLER VISCOSITIES 


SAE General Information 


Report of Lubricants Division approved January 1940. 


[The SAE viscosity numbers constitute classifications of lubricat- 
ing oils in terms of Saybolt Universal viscosity only. Other factors 
of oil quality or character are not considered. The Saybolt Universal 


viscosities given in the SAE classifications are the official values. 
The corresponding Kinematic, Redwood, and Engler viscosities 
are approximate and are given for information only.] 


TABLE 1—Crankcase Oils 


CENTISTOKES REDWOOD ENGLER 
SAE VISCOSITY NUMBERS OF 210 F OF 210 F OF 210 F 
Min Max Min Max Min Max Min Max Min Max Min Max 
5W = 871 = = == 3500 —_ = — 115 —_ — 
10W 1307 2614 7 — 5250 10500 — aa ; 172 344 = — 
20W 2614 10458 = —= 10500 42000 — ae “344 1376 a = 
20 —_— _ 5.75 9.65 — = 40.9 51.6 ao a 1.46 1.80 
30 — = 9.65 12.98 = = 51.6 61.9 —— — 1.80 2.12 
40 —_ — 12.98 16.82 — == 61.9 15.2 = — 2.12 2.52 
50 — == 16.82 22.75 = —- 15.2 97.5 — — 2.52 3.19 
SUS SAYBOLT CENTISTOKES REDWOOD ENGLER 
39 3.88 36 1.30 
40 4.20 36.9 1.33 
TABLE 2—Transmission and Azle Lubricants 
CENTISTOKES | REDWOOD ENGLER 
SAE VISCOSITY NUMBERS OF 100 F 210 F | OF 100 F 210 F OF 100 F 210 F 
| | 
Max Min | Max Min | Max | Max Min | Max Min Max Max Min Max Min Max 
| | ; ———— |——_—_— 
80 21, 800 a ee 86,00 | — | — | — | — | 2,870 | — |} — | — | = 
90 — 173 | 324 ) Fab — 700 | 1,300 == — | 22.8 | 42.6 —— _ 
140 — =i is] BA | 42.9; — _ | 107 | 179 — | 3.47 | 5.71 
250 bi = | — | 42.9 | — | = ay es ha 7) iss = | =| Bae 
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Method of Rating Fuels 


for Detonation 


SAE Recommended Practice 


Report of Lubricants Division approved January 1931 and last revised by Fuels and Lubricants Technical Committee January 1949. 


The performance of spark-ignition internal-combustion en- 
gines may be greatly influenced by the antiknock properties of 
the fuel used. The occurrence of knock or detonation is due to 
uncontrolled combustion taking place at some time during the 
burning process and is dependent upon many factors of engine 
design and operation as well as upon the chemical and physical 
properties of the fuel. Consequently, fuels which may knock in 
one engine may not knock in another, and conversely, engines 
which knock on one fuel may not knock on another. For these 
reasons, it is extremely difficult to establish an engine test to 
evaluate the antiknock properties of fuels. 

As a result of work initiated in 1927 by the Cooperative Fuel 
Research Committee (API, AMA, National Bureau of Standards, 
and SAE), the ASTM has designated two antiknock test methods 
for motor fuels known currently as the Motor Method (ASTM 
D 357) and the Research Method (ASTM D 908).1 The former 
is a method which measures antiknock performance under 


1 For complete information on methods of test, see ASTM Standards on Petroleum 
Products and Lubricants, procurable from the American Society for Testing Mate- 
rials, 1916 Race Street, Philadelphia 2, Pa. 


relatively severe operating conditions and might be considered 
indicative of the detonating tendency of a fuel at relatively high 
engine speeds; the latter under relatively mild operating con- 
ditions, and might be considered indicative of the detonating 
tendency of a fuel at relatively low engine speeds. Both designa- 
tions give results in terms of blends of 2, 2, 4 trimethyl pentane 
(100 octane number by definition) and normal heptane (0 octane 
number by definition) on a linear percentage scale of octane 
numbers. The octane number of a gasoline is the octane number 
of a mixture of iso-octane and normal heptane which it matches 
in antiknock value. 

The motor and research octane numbers of a fuel may be 
close together or may be quite widely separated, depending upon 
fuel structure; and this spread or difference is commonly referred 
to as its sensitivity. At the present time there is no completely 
satisfactory way of translating the motor-method and research- 
method ratings of a fuel into terms of a road rating for vehicles, 
but careful consideration of the level of the two numbers and their 
sensitivity will provide valuable clues as to relative probable 
performance. 


268 FELTS 


Felts 


SAE Standard 


Report of Parts and Fittings Division approved July 1923 and last revised by Nonmetallic Materials Technical Committee October 1946, 


[This SAE Standard covers types and qualities of felts required 
for general automotive uses. It was developed with the cooperation 
of the Standardization Committee of the Felt Association, Inc. 
~ and in accordance with the ASTM tests indicated in the Standard. 
The included notes and recommended uses are intended as a guide 
in the selection of felts for more particular uses, but the requirements 
for each application should be taken into consideration in making 
jinal selections.] 


Felt is a fabric built up by the interlocking of fibers by a 
suitable combination of mechanical work, chemical action, mois- 
ture, and heat, without spinning, weaving, or knitting. Felt 
may consist of one or more classes of fibers, wool, reprocessed 
wool, and reused wool, with or without admixture with animal, 
vegetable, and synthetic fibers. 

Felt as defined here is commonly referred to as wool felt_and 
does not include punched, woven, synthetically bonded, stitched, 
quilted, paper, or other materials of felt-like appearance which 
are products of entirely different constructions and properties. 

Clip wools or noils, which are the short-fiber combings resulting 
from the preparation of wool for spinning, as well as reprocessed 
and reused wools are used in the manufacture of automotive 
felts. The best grades of wool are white and are used without 
admixture with other fibers in the highest grade felts. 


Varying amounts of cotton, artificial silk, and other fibers _ 


may be used as a filler to reduce the cost of the felt or to impart 
certain desired characteristics to the finished material. Traces 
of cotton are found in most commercial ‘‘all-wool’’ felts. 

Raw wool contains ‘‘wool fat’? and ‘‘wool perspiration” in 
addition to mechanically adhering impurities and foreign matter. 
The foreign matter and some of the wool fat is removed in the 
scouring operation. Oils and soaps are added in the fabricating 
process to obtain the necessary degree of felting. Sizing or filler 
may be used in some of the lower-grade felts and in special ap- 
plications to stiffen or strengthen the finished material. Adhe- 
sives and impregnating materials may be used in special purpose 
felts to impart specific properties. 

The carbon tetrachloride soluble, water soluble, and ash 
determinations indicate the cleanliness of the fiber and the 
amount of fats, oils, and sizing materials present in the finished 
product. 

Felts used for ball and roller bearing oil-retaining washers 
shall be sheared on both sides to give a smooth surface free from 
“surface fuzz” or “flock.” 

The quality, appearance, and oil-absorption characteristics 
may be specified by the purchaser to be in accord with approved 
samples. ; 


1The terms wool, reprocessed wool, and reused wool are defined essentially in 
accordance with the Wool Products Labelling Act, 1939, as follows: 

Wool—The term “wool” means the fiber from the fleece of the sheep or lamb, or 
hair of the angora or cashmere goat (and may include the so-called specialty fibers 
from the hair of the camel, alpaca, llama, and vicuna) which has never been reclaimed 
from any woven or felted wool product. 

Reprocessed Wool—The term “reprocessed wool” means the resulting fiber when 
wool bas been woven or felted into a wool product which, without ever having been 
utilized in any way by the ultimate consumer, subsequently has been made into a 
fibrous state. 

eused Wool—The term “reused wool’’ means the resulting fiber when wool or 
reprocessed woo! has been spun, woven, knitted, or felted into a wool product which, 
after having been used in any way be the ultimate consumer, subsequently has been 
made into a fibrous state 


The commercial trade designations of the more commonly 
used grades of automotive felts are given in Table 1 along with 
complete specifications and tolerances for thickness, weight, 
wool content, chemical and physical requirements, color, and 
width. 

The weight or density requirements for the several grades of 
automotive felts given in the table are expressed as the weight in 
pounds per square yard for each commercial thickness. This is 
the established standard unit of weight employed in the felt 
industry. Density may also be expressed as the weight in ounces 
per cubic inch, specific gravity as compared with water, per- 
centage specific gravity (specific gravity xX 100), or as surface 
density in pounds per square yard of nominal 1-in. thickness. 

The weight or density of cut parts may be expressed as the 
weight per one hundred (100) parts based on the nominal weight 
of the felt in the thickness specified. 

The thickness tolerances for the several grades of automotive 
felt given in Table 1 vary, depending on the density, thickness, 
and grade or quality of the felt, and are expressed as the permis- 
sible minimum and maximum thickness for each grade and 
thickness rather than as a percentage variation from the nominal 
thickness. 

The chemical and physical requirements for the several grades 
of automotive felts given in the table include actual wool content 
(chemical basis), carbon tetrachloride soluble (percentage of 
residual oil and grease), water soluble (sizing and nonfibrous 
impurities), ash (the amount of residual inorganic matter), 
tensile strength, and splitting resistance. 

All tests shall be made in accordance with the Standard Meth- 
ods of Testing Wool Felt, ASTM D 461. If it is desired to detect 
the presence of, and identify, fibers other than wool, such as 
other animal fibers, vegetable, and synthetic fibers, the felt shall 
be subjected to a microscopic examination as described in 
Tentative Methods of Quantitative Analysis of Textiles, ASTM 
D 629. ; 

Special sizing, adhesives, and impregnating materials used to 
impart specific properties may alter the chemical and physical 
requirements specified in Table 1. The specific properties and 
methods of test for special products shall be agreed upon by 
supplier and purchaser. 

All density or weight determination shall be based on the 
thickness of the felt as ordered and no correction shall be made 
for variations in the thickness of the felt as received. For example, 
SAE F-1, back-check felt, in 14-in. thickness may, according to 
the table, vary in weight from 7.60 to 8.40 lb per sq yd, while 
the thickness may, according to the table, vary from 0.481 to 
0.519 in. The combination of weight and thickness tolerances 
control the degree of felting or matting of the fibers, in other 
words, the hardness or the density, and conversely, the resiliency 
of the finished felt. Therefore, to maintain the normal density for 
each grade or type of felt, no correction in weight is permitted to 
compensate for a variation from the nominal thickness as 
specified. 

Recommended Uses—SAF F-1 is suitable for oil retention in 


(Text continued after Table 1.) 
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TABLE 1—Standard Mechanical Roll Felt Specifications 


WEIGHTS,® LB PER SQ YD 


Limits 


: 
Limits 


MINIMUM 
ACTUAL 
WOOL 


CONTENT,” 


% 


MAXIMUM 
CARBON 
TETRA- 

CHLORIDE 


SOLUBLE, 


% 


MAXIMUM 
COMBINED 
CARBON 
TETRA- 
CHLORIDE 
AND WATER, 


% 


MINIMUM 
TENSILE 
STRENGTH, 


PSI 


MINIMUM 
SPLITTING 
RESISTANCE, @ 


LB. PER 2-IN. 
WIDTH 
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TRADE 
DESIGNATION 


COLOR 


He 


a 


DX oF KR ANN 


_ 


for) 


for} 


AR NK RRR 


_ 


for) 


for] 
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a 


for) 


fo>) 
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0.113-0.137 
0.175-0.201 
0.236-0.264 
0.298-0.328 
0.359-0.391 
0.481-0.519 
0.603-0.647 
0.725-0.775 
0.847-0.903 
0.969-1.031 


0.113-0.137 
0.175-0.201 
0.236-0. 264 
0.298-0.328 
0.359-0.391 
0.481-0.519 
0.603-0.647 
0.725-0.775 
0.847-0.903 
0.969-1.031 


0.113-0.137 
0.175-0.201 
0.236-0.264 
0.298-0.328 
0.359-0.391 
0.481-0.519 
0.603-0.647 
0.725-0.775 


0.847-0.903 


0.969-1.031 


0.111-0.139 
0.172-0.204 
0.232-0.268 
0.293-0.333 
0.353-0.397 
0.474-0.526 
0.595-0.655 
0.716-0.784 
0.837-0.913 
0.958-1 .042 


0.111-0.189 
0.172-0.204 
0. 232-0. 268 
0.293-0.333 
0.353-0.397 
0.474-0.526 
0.595-0.655 
0.716-0.784 


0.837-0.913 
0.958-1 .042 


qooooococqcoco 


eee 


1.90- 2.10 
2.85- 3.15 
3.80- 4.20 
4.75— 5.25 
5.70- 6.30 
7.60- 8.40 
9.50-10.50 
11.40-12.60 
13.30-14.70 
15.20-16.80 


90a) 
2.85- 3.15 
3.80- 4.20 
4.75- 5.25 
5.70— 6.30 
7.60— 8.40 
9.50-10.50 
11.40-12.60 
13.30-14.70 
15.20-16.80 


1.80— 2.10 
2.71- 3.15 
3.61- 4.19 
4.50- 5.24 
5.41— 6.29 
7.21— 8.39 
9.01-10.49 
10.81-12.59 
12.61-14.69 
14.41-16.79 


1.45- 1.61 
2,1f— 2.41 


2.90- 3.22 


3.62- 4.02 
4.35- 4.83 
5.80- 6.44 
7.25- 8.05 
8.70- 9.66 
10.15-11.27 
11.60-12.88 


1.45- 1.61 
2.17- 2.41 
2.90- 3.22 
3.62- 4.02 
4.35- 4.83 
5.80- 6.44 
7.25- 8.05 
8.70- 9.66 
10.15-11.27 
11.60-12.83 


95 


95 


90 


95 


92 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


3.0 


2.5 


2.5 


3.0 


4.0 


4.5 


3.0 


4.5 


2.0 


2.5 


2.0 


2.5 


500 


500 


400 


400 


275 


33 


288 


222 


18 


16 


Back 
check 


Back 
check 


Back 
check 


Extra- 
firm 
pad 


Extra- 
firm 
pad 


White 


Any 
color 
except 
grey 
or 
black 


Grey 


White 


Grey 


60 


60 


60 


60 or 72 


(Continued on next page.) 
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TABLE 1—Standard Mechanical Roll Felt Specifications (Continued) 
DEEN IMUM || Wyaeeeoee eaee tetas § 
a 2“ a YD CARBON MUM MAXI- MINIMUM MINIMUM 
SAB THICKNESS,” IN. WEIGHTS, LB PER SQ _wook b TETRA WATER Te a ee nS aaah COLOR woe 
a ? | SOLUBLE, BLE, | Np WATER, 
None 1 Limits 1 | NOR | ckataite % % % % % Sen). | eae aN. 
¥-7e 4g |0.111-0.139) 1.53 | 1.45- 1.61 80 3.0 4.0 7.0 3.0 250 12 Extra- Grey 72 
{4 |0.172-0.204| 2.29 | 2.17- 2.41 firm 
Ye |0.232-0.268} 3.06 | 2.90- 3.22 pad 
546 |0.293-0.333) 3.82 | 3.62— 4.02 
3¢ 10.353-0.397| 4.59 | 4.35- 4.83 
4g |0.474-0.526] 6.12 | 5.80- 6.44 
5g 10.595-0.655|) 7.65 | 7.25- 8.05 
34 |0.716-0.784] 9.18 | 8.70— 9.66 
7g 10.887-0.913]/10.71 |10.15-11.27 
1 0.958-1.042)12.24 |11.60-12.88 r 
¥F-10 4g |0.105-0.145) 1.06 | 0.98-1.14 95 2.5 2.5 3.0 2.5 225 8 Firm White 72 
346 |0.165-0.211] 1.59 | 1.47-1.71 pad 
\Y% |0.224-0.276| 2.12 | 1.96-2.28 ‘ 
546 |0.284-0.342| 2.65 | 2.45-2.85 
3g 10.343-0.407| 3.18 | 2.94-3.42 
44 |0.462-0.538] 4.24 | 3.92-4.56 
5g |0.581-0.669] 5.30 | 4.90-5.70 
34 |0.700-0.800} 6.36 | 5.88-6.84 
| 1% |0.819-0.931| 7.42 | 6.86-7.98 
1 1 0.938-1.062| 8.48 | 7.84-9.12 
F-11 Yg 10.105-0.145} 1.06 | 0.98-1.14 92 3.0 2.5 4.5 3.0 200 6 Firm Grey 72 
346 |0.165-0.211| 1.59 | 1.47-1.71 pad 
Y% |0.224-0.276} 2.12 | 1.96-2.28 
546 |0.284-0.342) 2.65 | 2.45-2.85 
3g |0.343-0.407| 3.18 | 2.94-3.42 
¥g |0.462-0.538] 4.24 | 3.92-4.56 
5¢. |0.581-0.669} 5.30 | 4.90-5.70 
34 |0.700-0.800} 6.36 | 5.88-6.84 
% |0.819-0.931| 7.42 | 6.86-7.98 
1 0.938-1.062] 8.48 | 7.84-9.12 
F-12 Yé |0.105-0.145) 1.06 | 0.98-1.14 85 4.0 2.5 6.5 3.5 100 3 Firm Grey 72 
34,6 |0.165-0.211} 1.59 | 1.47-1.71 pad 
1% |0.224-0.276] 2.12 | 1.96-2.28 
546 10.284-0.342| 2.65 | 2.45-2.85 
3¢ |0.343-0.407} 3.18 | 2.94-3.42 
4g 10.462-0.538] 4.24 | 3.92-4.56 
54 |0.581-0.669| 5.30 | 4.90-5.70 
34 |0.700-0.800| 6.36 | 5.88-6.84 
7% 10.819-0.931! 7.42 | 6.86-7.98 
1 0.938-1.062| 8.48 | 7.84-9.12 
F-13 1g |0.105-0.145} 1.06 | 0.98-1.14 75 4.0 4.0 8.0 3.5 75 2 Firm Grey 72 
3{¢ |0.165-0.211] 1.59 | 1.47-1.71 pad 
44 |0.224-0.276) 2.12 | 1.96-2.28 
54 |0.284-0.342| 2.65 | 2.45-2.85 
3g 10.343-0.407| 3.18 | 2.94-3.42 
4g |0.462-0.538] 4.24 | 3.92-4.56 
56 |0.581-0.669] 5.30 | 4.90-5.70 
34 |0.700-0.800} 6.36 | 5.88-6.84 
7 |0.819-0.931| 7.42 | 6.86-7.98 
1 0.938-1.062| 8.48 | 7.84-9.12 


(Continued on next page.) 
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? 

i TABLE 1—Standard Mechanical Roll Felt Specifications (Concluded) 

| 

| 

| 

| 

| 


MAXIMUM 

THICKNESS,” IN. WEIGHTS," LB PER SQ. YD POF "CARBON "MoM beanies MAXI- | MINIMUM MINIMUM TRADE STANDARD 
\) = | cotiniy| comin | Sit" | ete, | Sin | mons, janeanens| esovaron) “0% | "Aine, 
| - u ? |AND WATER, 
| Seeman 1 NOT) Limits % % % % % Eo eae IN. 
: F-15 | 14 |0.105-0.145! 1.06 | 0.98-1.14| 55 4.0 5.0} 9.0 4.0 75 2 Firm Grey 72 
| 3{_ |0.165-0.211) 1.59 | 1.47-1.71 pad 
| MY |0.224-0.276] 2.12 | 1.96-2.28 
546 |0.284-0.342, 2.65 | 2.45-2.85 
| 34 |0.343-0.407| 3.18 | 2.94-3.42 
| lg |0.462-0.538 4.24 | 3.92-4.56 
1 5g |0.581-0.669| 5.30 | 4.90-5.70 
| 34 |0.700-0.800| 6.36 | 5.88-6.84 
| % |0.819-0.931) 7.42 | 6.86-7.98 
i 1 —_ (0.938-1.062) 8.48 | 7.84-9.12 
| F-26 | 16 |0.085-0.165] 0.90 | 0.81-0.99 | 45 8.0 6.0} 14.0 5.0 ~ — Soft Grey 72 
i \% |0.194-0.306] 1.80 | 1.62-1.98 pad 
| 36 10.303-0.447| 2.70 | 2.43-2.97 
| Wg |0.412-0.588] 3.60 | 3.24-3.96 
e! 34 |0.630-0.870| 5.40 | 4.86-5.94 
| 1 = (0.848-1.152} 7.20 | 6.48-7.92 
| -F-50f | 364 |0.040-0.054} 0.7500.712-0.788, 95 2.5 2.5) 8.0 1.5 | 500 — Ball- White |60 or 72 
Ye |0.056-0.070| 0.975,0.937-1.013 bearing 
| 544 |0.071-0.085| 1.200/1.162-1.238 felt 
i 32 |0.087-0.101) 1.425/1.387-1.463 
| 
-F-51f| 364 |0.040-0.054) 0.750,0.712-0.788| 92 2.5 Bie oA cb 2.5 | 300 = Ball- Grey 60 or 72 
| V6 |0.056-0.070} 0.975|0.937-1.013 bearing 
\) 564 |0.071-0.085| 1.200/1.162-1.238 felt 
345 |0.087-0.101| 1.425/1.387-1.463 
| -F-55| 146 |0.056-0.070| 0.750\0.712-0.788| 75 4.0 4.0| 8.0 3.0 | 200 _ Lining | Grey (60 or 72 
34 |0.087-0.101| 1.125/1.087-1.163 or 

black 


ances of F'-7 


1) © Maximum ash residue 


an indicative test. 


been expressed in lb per sq yd to conform with other grades. 


installations where the felt is not compressed, for feeding low 
viscosity or light oil, and where unusual strength and hardness 
are required. Washers, bushings, wicks, door bumpers, polishing 
blocks, and parts where wear and resistance to abrasion are 
required are typical uses. 

SAE F-2 and F-3 are recommended for vibration mountings 
and the same general purposes as SAE F-1 and where a felt of 
slightly lower quality is satisfactory. 

SAE F-5, F-6, and F-7 are recommended for dust shields, 
wipers, grease-retainer washers, wicks, vibration mountings, 
and in uses where a resilient felt is required. 

SAE F-10, F-11, and F-12 are recommended for grease and oil 
retention where the felt is confined and compressed in assembly. 
Also recommended for dust shields under less severe operating 
conditions where F-5, F-6, and F-7 are not required. 

SAE F-13 and F-15 are recommended for sound deadening, 
chassis strips, spacers, dust shields, pedal pads, dash liners, and 


*® Nominal weights of SAE F-10, F-11, F-12, F-13, F-15, and F-26 have been given minor adjustments to provide uniform weight increments for unit thickness. Weight toler- 

have been made the same as F-5 and F-6, and those of F-10 the same as F-11, F-12, F-13, and F-15 with minor tolerance changes in the latter group as required for 

uniformity. Thickness tolerances for all grades have been slightly adjusted for uniformity and narrowed in accordance with manufacturing practice on thicknesses above 4 in. 
The actual wool content indicates the per cent of wool by chemical analysis and is exclusive of traces of other fibers and impurities present in the wool used in fabricating 

the several grades of felt. For example, SAE F-1, fabricated from 100% wool, may contain incidental traces of cotton and other fibers, residual wool fats, and oils or soaps used. 

in processing which may reduce the actual wool fiber content on analysis to a minimum of 95%. 

been increased for all qualities except SAE F-15, F-26, and F-55. 

4 Splitting resistance is not applicable to felts where the thickness is less than %6 in. For materials less than 34 in. in thickness, breaking strength only is recommended as 


© For thicknesses less than 1% in., for SAE F-1, see SAE F-50; F-3, see SAE F-51; F-7, see SAE F-55. 
f The former eight thicknesses for SAE F-50, F-51, and F-55 have been replaced by four thicknesses for F-50 and F-51 and two thicknesses for F-55, as tabulated; weights have 


€ Splitting resistance of SAE F-3 reduced from 24 to 22 lb per 2-in. width, and of SAE F-2 form 30 to 28 lb per 2-in. width. 


for mechanical purposes where abrasion and wear are not im- 
portant factors. 

SAE F-26 is suitable for packing or padding when held in 
place between other materials. This grade should not be used for 
mechanical purposes. 

SAE F-1 to F-26 inclusive can be obtained in thicknesses up to 
1 in. The weight and thickness tolerances shall be agreed upon 
by supplier and purchaser. 

SAE F-50 is recommended for ball and roller bearing oil-retainer 
washers and small dust-excluding washers; also for mechanical 
purposes where an accurate, thin, smooth, high-grade felt is 
required. 

SAE F-51 is recommended for the same general uses as F-50 
but in installations where tolerances and length of life are not 
as important; also for thin cut parts such as gaskets and liners. 

SAE F-55 is recommended for antisqueak strips and for lining 
when cemented to fiber board or metal panels. 


e 
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Serew Threads 


SAE Standard 


SAE Regular (NF Series) approved June 1911; SAE Fine (NEF Series) approved January 1915; SAE Special-Pitch Series approved June 1926; 
Coarse (NC Series) approved January 1935; 8, 12, and 16 (National Series) approved January 1935. Last revisions by Screw Threads Technical 
Committee January 1951. This SAE Standard conforms in general with American Standard Unified and American Screw Threads, ASA B1. 1-1949. 


[This SAE Standard differs from the Unified and American 
Standard B1.1-1949 (Second Edition, December 1949) in that 
the SAE Standard contains a table, Table 2, giving the standard 
series of diameter-pitch combinations, and in that Tables 3, 5,7, 
9, 11, and 13 (allowances and tolerances) of B1.1-1949 are omitted 
because the data in these tables are included in other tables of 
both published standards (SAE Tables 9 to 20). Drawings, for- 
mulas, and definitions correspond throughout both published stand- 
ards.| 


Corresponding Tables 


SAE STANDARD B1.1-1949 SAE sTANDARD B1.1-1949 
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Oh, Se ee ite 2 19a to 19800...) 24 
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BY Maes See as i, 7 EE ches 5c, ER 28 
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Section 1—Introduction 


1. There is no end to the development and improvement of 
an active standard. This revised edition of American Standard 
B1.1 and the SAE Standard marks an important step forward 
in that they embody the Unified thread standards which have 
been agreed upon by standardization committees of Canada, the 
United Kingdom, and the United States and signalized by the 
signing of an Accord at Washington, D. C. on November 18, 


1948. These Unified standards constitute the basic American 
standards. The earlier American standards are, in part, con- 
tinued in this Standard. 

This Standard incorporates a number of changes resulting 
from practical experience in manufacture, assembly, and use. 
World War II saw many of them tried and proved. Of particular 
interest are: 

a—Maximum metal-thread contours which provide for 
greater fatigue strength, root clearance, easier assembly, and 
longer wear of cutting tools. The clearances allowed are such 
as to permit rounded root form in both the external and inter- 
nal threads. Rounded roots are required in some applications 
and are made by tools that are purposely rounded. Otherwise, 
round roots may be the result of tool wear. 

b—Class 2A tolerances and allowances for external threads 
computed by formula, which provide a clearance under all 
conditions. 

c—Class 2B tolerances for internal threads, computed by 
formula. 

d—New classes of tolerances designated 1A for external 
threads and 1B for internal threads, intended to replace the 
old Class 1 for new work, which are formulated according to 
the principles of the Class 2A and Class 2B tolerances and 
allowances. The tolerances on Classes 1A and 1B are 1.5 times 
those on Classes 2A and 2B, respectively, and the allowance 
on 1A is the same as that on 2A. 

e—New classes of tolerances, 3A for external and 3B for 
internal threads, which also are in accord with the principles 
and formulas of the 2A and 2B classes of tolerances. The 
tolerances on 3A and 3B are 0.75 times those allowed on 2A 
and 2B, respectively, but no allowance is provided on 3A. 
These classes of tolerance are less liberal than 2A and 2B. 

f—Classes 2 and 3 have been retained without change, but 
they are not among the Unified classes. The thread forms, 
however, are identical. 

g—Class 4 has been dropped. It has been used rather seldom 
and almost invariably to meet particular requirements. 

h—Interference fits are now the subject of active study and 
will be contained in a separate standard as soon as details are 
developed. 

i—The 1% in.—13 NC size has been listed as alternate to 
the 44 in—12 UNC size. 

j—12 threads per in. have been made standard for 1 in— 
UNF threads, but the 1 in—14 NF thread is included in 
the tables. 

k—Classes of threads are distinguished by the amount of 
manufacturing tolerances and allowances (if any) permissible 
for externally or internally threaded components. Various fits 
of thread assemblies can be obtained by combining suitable 
classes of threads. 

2. Several appendices present useful information supplemen- 
tary to this standard. _ 

a—For definition of terms and symbols used in the text, 


| see Appendix A; and for formulas from which values in tables 
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| were derived, see Appendices B, C, D, and E. 


| b—Appendix G gives tables for the old Class 1. 


Section 2—Thread Form and Formulas 
Unified and American 


See Fig. 1 for thread form, Fig. 4 for dimension symbols, and 
' Table 1 for values. 


it Angle of thread: 2a = 60° 
| Half angle of thread: a = 30° 
| Number of threads per inch: n= = 
ie? Pp 
Pitch of thread: p= 
| Height of sharp V thread: H = 0.86603p 
_ 0.86603 
<i n 
1Height of external thread: hs = 0.61343p 
__ 0.61343 
RES 
17 
a ee 
Height of internal thread: hn = 0.54127p 
. _ 0.54127 
6. n 
\ ‘a 2 Fa 
Depth of thread’engagement: he = 0.54127p 
_ 0.54127 
m n 
Flat at crest of external thread: Liege Onl25p 
= 0.125 
ech 
iP: 
8 


Truncation of external-thread crest: fee = 0.10825p 
_ 0.10825 


*Truncation of  external-thread ~~ s,. = 0.14434p 


rounded root: = 


1 For calculating minor-diameter and stress-area values in ‘tables. 
2 Because external and internal threads have the same basic major diameters and 
the same basic pitch diameters, the subscripts are omitted from D and £ in subse- 


| sequent references to these diameters. 


*2has = hp = the basic height, h, of the original American National form. 
__ +Where a designation of a screw thread starts with U, it indicates that this series 
_ or diameter-pitch combination corresponds in all respects (including tolerances and 


| allowances) with the British and Canadian thread of the same designation. How- 


ever, where the U does not appear in a thread designation of Classes 1A, 2A, 3A, 
1B, 2B, or 3B, all thread elements conform to the principles on which 
Unified threads are based. = 
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Flat at crest of internal thread: Fen = 0.25p 
_ 0.25 
a Oni 
mae 
4 
Truncation of internal-thread crest: fen = 0.216517 
_ 0.21651 
* n 
H 
74 
Flat at root of internal thread: F,, = 0.125p 
_ 0.125 
re aie 
we, 
8 
Truncation of internal-thread root: fin = 0.10825p 
_ 0.10825 
mi n 
Bias! 
com) 
Addendum of external thread: has = 0.32476p 
_ 0.32476 
= n 
mee 
8 
IMajor diameter of external thread D, 
(nominal diameter) : 
3,3Pitch diameter of external thread: Hei) Di —s2hae 
= D — 0.64952p 
oh ee 0.64952 
n 
Minor diameter of external thread: K; = D; — 2h, 
= D, — 1.22687p 
eg 1.22687 
1Major diameter of internal thread: D, 
*Pitch diameter of internal thread: E,, 
Minor diameter of internal thread: Nk, eS ID Sp 
= D, — 1.08253p 
de tia 1.08253 


n 


Section 3—Thread Series and Suggested 
Applications 


3. Series of threads are classified and distinguished from each 
other by the number of threads per inch applied to a specific 
diameter. The Unified Screw Threads‘ are limited to the coarse- 
and fine-thread series of Classes 1A, 1B, 2A, 2B, 3A, and 3B as 
indicated in the tables of numerical values and preferred selected 
combinations of special threads of Classes 2A and 2B. 

4. Wherever possible, a Unified or American thread of the 
coarse- or fine-thread series should be used. If no such thread 
meets the requirements of the design, it is important to refer to 
the various tables in proper sequence. After looking for the re- 
quired thread in the tables of limits of size for the standard 
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INTERNAL 
THREAD 


(an ce oe 


Rounded or Flat 
st 


Max Minor Diameter af Minor Diameter Specitied 
Intersection of Root in Dimensional Tables. 
Contour and! Flank Used for Calculation of 

90° of Thread Stress Areas 

j ‘Rounded Root Optional or. 

‘Resulting from Tool Wear 


f : | » Axis of External Thread __ : 


Fig. 1—UNIFIED AND AMERICAN INTERNAL AND EXTERNAL THREAD DesiIGN Forms. (Maximum Merat ConpiTIon) 


series, reference is made to the tables of limits of size for selected 
combinations of special diameter and pitch. Reference is made 
to the step tables as the third expedient. Calculation of thread 
values by formula is the last resort. 

5. Coarse-Thread Series (SAE Tables 3, 9, to 46) 

The Coarse-Thread Series, designated as ahomrinn in the tables, 
is the former United States Standard supplemented in the sizes 
below 14 in. by a part of the Standard Proportions for Machine 
Screws established by the American Society of Mechanical En- 
gineers in 1907 (ASME Transactions 1907, No. 1142). It is 
recommended for general use in engineering work where con- 
ditions do not require the use of a fine thread. 

Basic dimensions for the Unified and American National 
Coarse-Thread Series are given in SAE Table 3. Limits of size, 
based on a length of engagement equal to the nominal diameter, 
are given in SAE Tables 9 to 16, inclusive, for Classes 1A, 2A, 
3A, 1B,. 2B, 3B, 2, and 3. 

6. Fine-Thread Series (SAE Tables 4, 9 to 16) 

The Fine-Thread Series, designated as shown in the tables, is 
the former Regular Screw-Thread Series established by the 
Society of Automotive Engineers in 1911 and supplemented 
below 14 in. by sizes of the Standard Proportions for Machine 
Screws established by the American Society of Mechanical 
Engineers. It is recommended for general use in automotive and 
aircraft work and where special conditions require a fine thread. 

Basic dimensions for the Unified and American Fine-Thread 
Series are given in SAE Table 4. Limits of size, based on a length 
of engagement equal to the nominal diameter, are given in SAE 
Tables 9 to 16, inclusive, for Classes 1A, 2A, 3A, 1B, 2B, 3B, 
2, and 3. 

7. Extra-Fine Thread Series (SAE Tables 5, 17 to 20) 

The Extra-Fine Thread Series, designated UNEF or NEF as 
shown in the tables of selected combinations of Section 5— 
Special Threads, is the same as the former SAE Fine Series and 
the present SAE Extra-Fine Series. It is used particularly in 
aircraft and aeronautical equipment where thin-walled material 
is to be threaded; thread depth of nuts clearing ferrules, coupling 


flanges, or the like must be held to a minimum; and a maximum 
practicable number of threads is required within a given thread 
length. 

Basic dimensions for the American Extra-Fine Series are given 
in SAE Table 5. Limits of size, based on a length of engagement 
of 9 pitches for Classes 2A, 2B, 2, and 3 are given in SAE Tables 
17 to 20. 

8. 8-Thread Series (SAE Tables 6, 10, 13, 15, and 16) 

The 8-Thread Series is designated 8 N. Bolts for high-pressure 
pipe flanges, cylinder-head studs, and similar fasteners against 
pressure require that an initial tension be set up by elastic 
deformations of the fastener and the components held together 
so that the joint will not open up when the steam or other pres- 
sure is applied. To secure a proper initial tension, it is not prac- 
ticable that the pitch should increase with the diameter of the 
thread as the torque required to assemble would be excessive. 
Accordingly, for such purposes, the 8-thread series has come into 
general use in many classes of engineering work and as a sub- 
stitute for the coarse-thread series. The 8-thread series is based 
on a length of engagement equal to the nominal diameter for 
Classes 2A and 2B; and equal to the nominal diameter for sizes 
up to and including 3 in.; and 3 in. for larger sizes, for Classes 
2 and 3. Basic dimensions are given in SAE Table 6. Limits of 
size are given in SAE Tables 10, 13, 15, and 16 for Classes 2A, 
2B, 2, and 3. 

(If a thread is in both the 8-thread series and the coarse- 
thread series, the symbol and tolerances of the coarse-thread 
series apply.) 

9. 12-Thread Series (SAE Tables 7, 17, 18, 19, and 20) 

The 12-Thread Series is designated 12 UN or 12 N as shown 
in the tables of selected combinations of Section 5—Special 
Threads. Sizes of 12-pitch threads from % in. to and including 
134 in. are used in boiler practice. This requires that worn stud 
holes be retapped with a tap of the next larger size, the increment 
being % in. throughout most of the range. The 12-thread series 
is also widely used in machine construction for thin nuts on 
shafts and sleeves. From the standpoint of good design and 
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TABLE 1—Thread Data, Unified and American Thread Form 


HEIGHT 
OF EX- 
TERNAL 
THREAD, 


he = 
aH = 
0.61343p 


HEIGHT 
OF SHARP- 
v 
THREAD, 
H= 


0.866039 


PITCH, 


THREADS PER 
INCH, % 


HEIGHT OF 
INTERNAL 
THREAD, 

hn = 
4H = 
0.54127p 


0.54127p 


FLAT AT 


EXTERNAL- 


TRUNCATION 
OF EXTER- 
NAL-THREAD 
CREST, 
Cae Se 
H/8 = 
0.10825p 
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‘TRUNCATION 
OF EXTER- 
NAL-THREAD 
ROOT, 


0.14434p 


FLAT AT 
INTERNAL- 
THREAD 
CREST, 


Fen = 
p/4 = 0.25p 


TRUNCATION 
OF INTER- 
NAL-THREAD 
CREST, 


0. 21651p 


FLAT AT 


INTERNAL- 


THREAD 
ROOT, 


TRUNCATION 
OF INTER- 
NAL-THREAD 
ROOT, 
iia 
H/3 = 
0.10825 


ADDENDUM 
OF EX- 


0.32476p 


TWICE THE 
EXTERNAL- 
THREAD 
ADDENDUM,” 
SO 
YH = 


0.64952p 


0.01250,0 .01083)/0 .00767 
0.01389)0.01203,0.00852 
0.01563)0 .01353/0 .00958 
0.01786|0.01546 0.01095 
0.02083 0.01804 0.01278 


0.02273)0.01968 0.01394 
0.02500,0.02165,0 .01534 
0.02778 0.02406 0.01704 
0.03125|0 .02706,0.01917 
0.03571|0.03093,0 .02191 


0.041670 .03608 0.02556 
0..05000)0 .04330)0 .03067 
0..05556|0 .04811)/0 .03408 
0.06250)0 .05413,0 .03834 
0.07143|0 .06186,0.04382 


0.07692/0 .06662\0.04719 
0.08333 0.07217\0.05112 
0.086960 .07531)0 .05334 
0 .09091\0 .07873,0.05577 


0.10000 0.086600 .06134 
0.11111/0.09623,0.06816 
0.12500)|0.10825)0 .07668 
0.14286/0.12372)0.08763 


6 |0.16667/0.14434/0.10224 
5 |0.20000/0.17321/0.12269 
0 2222210 .19245)0. 13632 
4  |0.25000'0.21651 0.15336 


0.00677 
0.00752 
0.00846 
0.00967 
0.01128 


0.01230 
0.01353 
0.01504 
0.01691 
0.01933 


0.02255 
0.02706 
0.03007 
0.03383 
0.03866 


0.04164 
0.04511 
0.04707 
0.04921 


0.05413 
0.06014 
0.06766 


0.09021 
0.10825 
0.12028 
0.13532 


0.07732 | 


0.00677 
0.00752 
0.00846 
0.00967 
0.01128 


0.01230 
0.01353 
0.01504 
0.01691 
0.01933 


0.02255 
0.02706 
0.03007 
0.03383 
0.03866 


0.04164 
0.04511 
0.04707 
0.04921 


0.05413 
0.06014 
0.06766 
0.07732 


0.09021 
0.10825 
0.12028 
0.13532 


0.00195 
0.00223 
0.00260 


0.00284 
0.00312 
0.00347 
0.00391 
0.00446 


0.00521 
0.00625 
0.00694 
0.00781 
0.00893 


0.00962 
0.01042 
0.01087 
0.01136 


0.01250 
0.01389 
0.01562 
0.01786 


0.02083 
0.02500 
0.02778 
0.03125 


0.00135 
0.00150: 
0.00169 
0.00193 
0.00226 


0.00246 
0.00271 
0.00301 
0.00338 
0.00387 


0.00451 
0.00541 
0.00601 
0.00677 
0.00773 


0.00833 
0.00902 
0.00941 
0.00984 


0.01083 
0.01203 
0.01353 
0.01546 


0.01804 
0.02165 
0.02406 
0.02706 


0.00180 
0.00200 
0.00226 
0.00258 
0.00301 


0.00328 
0.00361 
0.00401 
0.00451 
0.00515 


0.00601 
0.00722 
0.00802 
0.00902 
0.01031 


0.01110 
0.01203 
0.01255 
0.01312 


0.01443 
0.01604 
0.01804 
0.02062 


0.02406 
0.02887 
0.03208 
0.03608 


0.00312 
0.00347 
0.00391 
0.00446 
0.00521 


0.00568 
0.00625 
0.00694 
0.00781 
0.00893 


0.01042 
0.01250 
0.01389 
0.01562 
0.01786 


0.01923 
0.02083 
0.02174 
0.02273 


0.02500 
0.02778 
0.03125 
0.03571 


0.04167 
0.05000. 
0.05556 


| 0.06250 


0.00271 
0.00301 
0.00338 
0.00387 
0.00451 


0.00492 
0.00541 
0.00601 
0.00677 
0.00773 


0.00902 
0.01083 
0.01203 
0.01353 
0.01546 


0.01665 
0.01804 
0.01883 
0.01968 


0.02165 
0.02406 
0.02706 
0.03093 


0.03608 
0.04330 
0.04811 
0.05413 


0.00156 
0.00174 
0.00195 
0.00223 
0.00260 


0.00284 
0.00312 
0.00347 
0.00391 
0.00446 


0.00521 
0.00625 
0.00694 
0.00781 
0.00893 


0.00962 
0.01042 
0.01087 
0.01136 


0.01250 
0.01389 
0.01562 
0.01786 


0.02083 
0.02500 
0.02778 
0.03125 


0.00135 
0.00150 
0.00169 
0.00193 
0.00226 


0.00246 
0.00271 
0.00301 
0.00338 
0.00387 


0.00451 
0.00541 
0.00601 
0.00677 
0.00773 


0.00833 
0.00902 
0.00941 
0.00984 


0.01083 
0.01203 
0.01353 
0.01546 


0.01804 
0.02165 
0.02406 
0.02706 


0.00406 
0.00451 
0.00507 
0.00580 
0.00677 


0.00738 
0.00812 
0.00902 
0.01015 
0.01160 


0.01353 
0.01624 
0.01804 
0.02030 
0.02320 


0.02498 
0.02706 
0.02824 
0.02952 


0.03248 
0.03608 
0.04059 
0.04639 


0.05413 
0.06495 
0.07217 
0.08119 


0.00812 
0.00902 
0.01015 
0.01160 
0.01353 


0.01476 
0.01624 
0.01804 
0.02030 
0.02320 


0.02706 
0.03248 
0.03608 
0.04059 
0.04639 


0.04996 
0.05413 
0.05648 
0.05905 


0.06495 
0.07217 
0.08119 
0.09279 


0.10825 
0.12990 
0.14434 
0.16238 


® Equivalent to the basic height, h, of the original American National form. han = fen = H/4; hdn = has = 36H. (See Fig. 4). 


| simplification of practice, it is desirable to limit shoulder di- 


' ameters to steps of not less than 1% in. The 12 pitch is the coars- 
M est pitch in general use which will permit a threaded collar, 
4 which screws onto a threaded shoulder,-to slip over a shaft, the 
| difference in diameter between shoulder and shaft being 4 in. It 
also provides continuation of the fine thread series (UNF) for 
| diameters larger than 114 in. 

Basie dimensions for the American 12-Thread Series are given 


in SAE Table 7. Limits of size, based on a length of engagement 


_ equal to 9 pitches for Classes 2A, 2B, 2, and 3 are given in SAE 


Tables 17, 18, 19, and 20. 
(If a thread is in both the 12-thread series and the coarse- or 
fine-thread series, the symbols and tolerances of the coarse- or 


| fine-thread series apply.) 


10. 16-Thread Series (SAE Tables 8, 17, 18, 19, and 20) 
The 16-Thread Series, designated 16 UN or 16 N as shown in 


| the tables of selected combinations of Section 5—Special Threads, 
| is a uniform-pitch series for such applications as require a very 


- fine thread. It is intended for such uses as on threaded adjusting 


collars and bearing retaining nuts. It also provides continuation 
of the extra-fine thread series (NEF) for diameters larger than 
2 in. 

Basic dimensions for the American National 16-Thread Series 
are given in SAE Table 8. Limits of size, based on a length of 
engagement equal to 9 pitches for Classes 2A, 2B, 2, and 3 are 
given in SAE Tables 17, 18, 19, and 20. 

(If a thread is in both the 16-thread series and the fine- or 
extra-fine thread series, the symbols and tolerances of the fine- 
or extra-fine thread series apply.) 

11. Special Threads 

Special threads, designated UN, UNS, or NS as shown in the 
tables of Section 5—Special Threads, cover non-standard or 
special combinations of diameter, pitch, and length of engage- 
ment. 

12. Method of Designating a Screw Thread 

The method of designating a screw thread is by the use of the 
initial letters of the thread series, preceded by the nominal size 
(diameter in inches or the screw number) and number of threads 
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per inch, all in Arabic characters, and followed by the classi- 
fication designation, with or without the pitch-diameter toler- 
ances or limits of size. 
An example of an external-thread designation and its meaning 
ds: 
V4"—20 UNC—2A 
Class of screw thread (See Section 4) 
Thread series (See Tables) 
Number of threads per inch (n) 


Nominal size 


A left-hand thread must be identified by the letters LH fol- 
lowing the class designation. If no such designation is used, the 
thread will be understood to be right hand. An example of a left- 
hand external-thread designation is: 


Yy"”—20 UNC—2A—LH 
beds Hand 
—Class of screw threads (See Section 4) 
Thread series (See Tables) 
Number of threads per inch (n) 


Nominal size 


If a standard thread is modified by the inclusion of some non- 
standard feature, such as a smaller major diameter, the word 
“modified” should be added with an asterisk, and the non- 
standard feature-or dimension of the thread should be enclosed 
in brackets and likewise marked with an asterisk. 

If a standard thread has a long length of engagement for which 
standard allowances and tolerances are not applicable, such 
special length should be noted on the drawing or included in the 
designation, as for example: 


34”—16 UNF—2A (1 ¥% length of engagement) 


Tolerances and allowances for the UNF series are calculated 
for a length of engagement equal to the nominal diameter. When 
the length of engagement exceeds 114 times the nominal diame- 
ter, tolerances and allowances should be obtained from the 
Special Thread step Tables 22 to 30, if applicable, or computed 
from the formulas in Appendices C and E and constants in SAE 
Table 33. In this example, the tolerance for pitch diameter should 
be 0.0056 and the allowance, 0.0017 (corresponding to increases 
of 0.0006 and 0.0002, respectively, over the values for a length 
of engagement equal to the nominal diameter). 


Section 4 —Unified and American Thread Classes 


13. General 

Classes of thread are distinguished from each other by the 
amounts of tolerance and allowance specified. This Standard 
includes Classes 1A, 2A, and 3A applied to external threads 
only; Classes 1B, 2B, and 3B applied to internal threads only; 
and Classes 2 and 3 applied to both internal and external threads. 
It is not the purpose of this Standard to limit applications of the 
various standard classes of tolerances. The requirements for a 


5 Class 1 step tables appear in Appendix G. 
6 Classes 2 and 3 are not Unified classes. 


screw-thread fit for specific applications are predicated on end 
use and can be met by specifying the proper combination of 
thread classes for the components. For example, a Class 2A 
external thread can be used with Classes 1B, 2B, 3B, 2, or 3 
internal threads for specific applications. 

14. Classes 1A and 1B (SAE Tables 9, 12, 22, 23, 26, and 31) 

For ordnance and other special uses, Class 1A applied to ex- 
ternal threads and Class 1B applied to internal threads replace 
Class 1 of the former American Standard B1.1—1935 for all new 
items. Pertinent data for UNC and UNF series for sizes 14 in. 
and larger appear in SAE Tables 9 and 12, and step Tables 22, 
23, and 26. Items which at present are standardized for produc- 
tion may of necessity remain as at present under the designation 
of Class 15. Class 1A maximum dimensions are less than basic 
by the amount of the same allowance as applied to Class 2A 
(see Paragraph 15) and for the same purpose. Classes 1A and 
1B UNC and UNF threads are included as information regard- 
ing British practice, being applied to British black bolts. Classes 
1A and 1B UNS or NS threads are applied principally to ord- 
nance. Mr 

15. Classes 2A and 2B (SAE Tables 10, 18, 17, 18, 22, 24, 27, 

and 31) 

Class 2A applied to external threads and Class 2B applied to 
internal threads are the recognized standards for the normal 
production of screws, bolts, and nuts. They are also suitable for 
a wide variety of other applications. Class 2A maximum dimen- 
sions are less than basic by the amount of an allowance; the main 
purpose of this allowance is to provide a minimum clearance 
between external and internal threads, thus minimizing galling 
and seizure encountered in assembly and use. An additional 
advantage of the allowance is that it supplies a space to take 
care of plating applied to external threads. Where the allowance 
is not sufficient for thicknesses of plating or coating required, 
special provisions are necessary. 

16. Classes 3A and 3B (SAE Tables 11, 14, 25, 28, and 31) 

Classes 3A (external threads) and 3B (internal threads) are 
new classes of tolerances. Class 3A has no allowance; its maxi- 
mum dimensions are basic. 

17. Classes 2 and 3° (SAE Tables 15, 16, 19, 20, 29, 30, and 

32) 

Class 2 and Class 3 have been retained. No allowances are 
provided. Basic dimensions are used for maximum external- and 
minimum internal-thread dimensions. Tolerances for Class 3 are 
approximately 70% of Class 2 tolerances. 

18. Pitch-Diameter Tolerances of All Classes 

The tolerances for pitch diameter are cumulative, that is, 
include the variations of lead and angle. Therefore, the full 
tolerance is not available for pitch diameter unless the lead and 
angle of the thread are perfect. 

19. Minor Diameter of Internal Threads 

The minimum minor diameters of internal threads are the 
same for all classes. The maximum minor diameters are the same 
for Classes 1B, 2B, and 3B but differ from those for Classes 2 
and 3. 

20. Length of Engagement 

The tolerances specified for UNC, UNF, and 8 N series are 
based on a length of engagement equal to the nominal major 
diameter of the external thread. For NEF, 12 N, and 16 N series 
as they appear in SAE Tables 17, 18, 19, and 20 of selected 
combinations of special threads, the tolerances are based on a 
length of engagement of 9 pitches. 


(Text continued after Table 16b.) 


SCREW THREADS 


TABLE 2—Unified and American Screw-Thread Serves 


THREADS PER INCH 


eee 


ply to Classes 2 and 3. 


* For diameters over 114 in., use 12-Thread Series. 
| ° For diameters over 2 in., use 16-Thread Series. f =i 
| Series symbols UNC, UNF, or UN as indicated in column heading apply to Classes 1A, 1B, 2A, 2B, 3A. and 3B; NC, NF, 


SIZE BASIC MAJOR SIZE 
ERNE Coarse Fine® Extra fine? 8-Thread series 12-Thread series 16-Thread series 
(UNC or NC) (UNF or NF) (UNEF or NEF) (N (UN or N) (UN or N) 
0 0.0600 = 80 NF -_ — 0 
1 0.0730 64 NC 72 NF _ — = 1 
2 0.0860 56 NC 64 NF = — = 2 
3 0.0990 48 NC 56 NE = — = = 3 
4 0.1120 40 NC 48 NF _ == Ea 4 
5 0.1250 40 NC 44 NF = — = = 5 
6 0.1380 32 NC 40 NF we _ =- an 6 
8 0.1640 32 NC 36 NF = o = = 8 
10 0.1900 24 NC 32 NF = — 2 = 10 
12 0.2160 24 NC 28 NF 32 NEF — = = 12 
y 0.2500 20° 28° 32 NEF _ — — ra 
546 0.3125 18° 24 ¢ 32 NEF = — = He 
36 0.3750 16 ° 2A 32 NEF — — % 
Ke 0.4375 14 ¢ 20 ° 28 ¢ _ -— — VG 
% 0.5000 13 NC 20 ¢ 28 ¢ Ss 12¢ os 4% 
Vy 0.5000 12 UNC a) = <2 Es = Vy 
Ve 0.5625 12° 18 24 NEF == 12° — Ke 
5¢ 0.6250 ll ° 18 © 24 NEF = 12 N _— % 
14, 0.6875 24 NEF — 12 N — M6 
3% 0.7500 10 ° 16 ° 20 ¢ = 12 N 16 © 4 
1346 0.8125 = 20 ° fs 12 N 16 ° 13/6 
Ll % 0.8750 ge 14 ¢ 20 ¢ = 12 N 16 ¢ % 
1346 0.9375 = = 20 ¢ = 12 ¢ 16° 15/6 
1 1.0000 = 14 NE = zee = a 1 
1 1.0000 8° 12 UNF 20 ¢ 8N 12 N 16 © 1 
1Ke6 1.0625 == = 18 NEF oe 12 © 16 © 1K. 
1% 1.1250 7° 12 © 18 NEF SN 12° 16° 114 
1346 1.1875 — oe 18 NEF =3 12° 16 ° 1346 
4 1.2500 7° 12 ° 18 NEF 8N 12¢ 16 ¢ 14% 
1546 1.3125 = = 18 NEF = 12° 16 © 146 
13 1.3750 6° 12 ¢ 18 NEF 8N 12 ¢ 16 © 134 
1K6 1.4375 = — 18 NEF as 12° 16 ° 1K 
1% 1.5000 6° 12° 18 NEF 8N ib) © 16 ° 1% 
1% 6 1.5625 = — 18 NEF <= — 16 N 1%6 
154 1.6250 7 = 18 NEF 8N 12 N 16 N 154 
likig 1.6875 = = 18 NEF _ 12 N 16 N 1146 
134 1.7500 5° 16 ° 8 N 12 ¢ 16 ° 134 
1134, 1.8125 = == = = 16 N AG 
1% 1.8750 — — 8N 12 N 16 N 1% 
11546 1.9375 = - — ~ 16 N 11346 
2 2.0000 4l4g — 16 ° 8 N 12 ¢ 16 © 2 
We 2.0625 — = = = = 16 N We 
2 2.1250 = = — 8N 12 N 16 N 2% 
2346 2.1875 _ “= = = = 16 N 2346 
24 2.2500 41g e — _ 8N 12° 16 ¢ 24 
2546 2.3125 — a =3 = = 16 N 246 
236 2.3750 = = = = 12 N 16 N 234 
2.6 2.4875 — — — — _ 16 N 2146 
OVA 2.5000 4e =< = 8N 12 ¢ 16 © 24% 
234 2.6250 =— = = = 12 N |; 16N 254 
234 2.7500 4 = = 8 N 12 ¢ 16 ° 234 
2% 2.8750 = = = a 12 N 16 N 2% 
one 3.0000 4e = = SN 12 ¢ 16 ° 3 
3% 3.1250 = = = = 12 N 16 N 3% 
314 3.2500 4e = a3 8N 12° 16 © 34 
336 3.3750 = = = = 12 N 16 N 334 
34 3.5000 4¢ = = 8 N 12° 16 © 34 
354 3.6250 a == = = 12N 16 N 356 
334 3.7500 4e — = 8N 12 ¢ 16 ¢ 334 
| 3% 3.8750 ms = == = 12 N 16 N 3% 
4 4.0000 4e = = SN 12° 16 © 4 
4 4.2500 = — = 8N 12 ¢ 16 © 414 
44 4.5000 = — = 8 N 12 ¢ 16 © 46 
434 4.7500 = = = 8N 12 ¢ 16 ¢ 434 
‘5 5.0000 = — _ 8 N 12 © 16 © 5 
5% 5.2500 = — = 8N 12° 16.¢ 54 
54 5.5000 a — _— 8 N 12 ¢ 16° 54 
534 5.7500 a — 7 8N 12 ¢ 16 ° 534 
6 6.0000 = — == 8N 12¢ 16 ° 6 


NEF, or N as indicated in column heading ap- 


_———————— " _— 
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MBIIG JO JOJOWOIY YIP WNWJUIp 


SS 
NX 
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Jafawolg Y24ld 218g 
JON $0 JafaWOIG YA WNWUIUIW 
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MasI$ $0 Jafawolg solbpy wnwuiuly 
Mair> £0 Japeulonlg soloy WAUixey 
49M fo Jepewnlg soloy WNWILIpY 


GON JO Jaseuwnig soley Wnu/xey 
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JN FO a,eWe/Gg 
JOulp wnuiXey 
JIN JO Jofauv/g 


We Joulp WAWwiuly 
yy - 
SA 


a 


Permissible 
Form of Thre 
trom New Too/ 


Mas 40 safaWbig 

Joulp WNUiulpy 
MdIIC JO JOLaWOIG 
JOU UINWIXOY 


EXTERNAL THREAD 
(SCREW) 


Cuasses 1A, 2A, 1B, anp 2B 


Fic. 2—Disposition or TOLERANCES, ALLOWANCE, AND CREST 
CLEARANCES FoR UNIFIED AND AMERICAN 
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Fig. 3—DIsposivTIion oF ToufRANCES AND CREST CLEARANCES 
FoR UNIFIED AND AmERICAN CiassEs 3A, 3B, 2, anv 3 
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280 SCREW THREADS 
TABLE 3—Coarse-Thread Series, UNC and NC—Basic Dimensions 
BASIC MAJOR BASIC PITCH MINOX Nae BeNOR, ABN BS LEAD ISNGLE SECTION AT 
a uN eS SETEIDS ESS TREADS, TREADS, ae sy erat es mnOn ee STRESS AREAP 
n 

In. In. In, In. Deg Min Sq in. Sq in. 

1 (0.073) 0.0730 64 0.0629 0.0538 0.0561 4 31 0.0022 0.0026 
2 (0.086) 0.0860 56 0.0744 0.0641 0.0667 4 22 0.0031 0.0036 
3 (0.099) 0.0990 48 0.0855 0.0734 0.0764 4 26 0.0041 0.0048 
4 (0.112) 0.1120 40 0.0958 0.0813 0.0849 4 45 0.0050 0.0060 
5 (0.125) 0.1250 40 0.1088 0.0943 0.0979 4 ll 0.0067 0.0079 
6 (0.138) 0.1380 32 0.1177 0.0997 0.1042 4 50 0.0075 0.0090 
8 (0.164) 0.1640 32 0.1437 0.1257 0.1302 3 58 0.0120 0.0139 
10 (0.190) 0.1900 24 0.1629 0.1389 0.1449 4 39 0.0145 0.0174 
12 (0.216) 0.2160 24 0.1889 0.1649 0.1709 4 1 0.0206 0.0240 
y 0.2500 20 0.2175 0.1887 0.1959 4 11 0.0269 0.0317 
Ke 0.3125 18 0.2764 0.2443 0.2524 3 40 0.0454 0.0522 
34 0.3750 16 0.3344 0.2983 0.3073 3 24 0.0678 0.0773 
Ye 0.4375 14 0.3911 0.3499 0.3602 3 20- 0.0933 0.1060 
A 0.5000 13 0.4500 0.4056 0.4167 3 Zi 0.1257 0.1416 
Vy 0.5000 2 0.4459 0.3978 0.4098 3 24 0.1205 0.1374 
Ke 0.5625 12 0.5084 0.4603 0.4723 2 59 0.1620 0.1816 
% 0.6250 11 0.5660 0.5135 0.5266 2 56 0.2018 0.2256 
34 0.7500 10 0.6850 0.6273 0.6417 2 40 0.3020 0.3340 
% 0.8750 9 0.8028 0.7387 0.7547 2 31 0.4193 0.4612 
lees 1.0000 8 0.9188 0.8466 0.8647 2 29 0.5510 0.6051 
1% 1.1250 7 1.0322 0.9497 0.9704 2 31 0.6931 0.7627 
1% 1.2500 a 1.1572 1.0747 1.0954 2 15 0.8898 0.9684 
134 1.3750 6 1.2667 1.1705 1.1946 2 24 1.0541 1.1538 
1% 1.5000 6 1.3917 1.2955 1.3196 2 ll 1.2938 1.4041 
13% 1.7500 5 1.6201 1.5046 1.5335 2 15 1.7441 1.8983 
2 2.0000 416 1.8557 1.7274 1.7594 2 11 2.3001 2.4971 
2y% 2.2500 46 2.1057 1.9774 2.0094 1 55 3.0212 3.2464 
24 2.5000 4 2.3376 2.1933 2.2294 1 lve 3.7161 3.9976 
234 2.7500 4 2.5876 2.4433 2.4794 1 46 4.6194 4.9326 
3 3.0000 4 2.8376 2.6933 2.7294 1 36 5.6209 5.9659 
34 3.2500 4 3.0876 2.9433 2.9794 1 29 6.7205 7.0992 
344 3.5000 4 3.3376 3.1933 3.2294 1 22 7.9183 8.3268 
334 3.7500 4 3.5876 3.4433 3.4794 1 16 9.2143 9.6546 
4 4.0000 4 3.8376 3.6933 3.7294 i 11 10.6084 11.0805 


* British: Effective Diameter. 
See formula under definition of stress area in Appendix A, Terminology. 


SIZES 


0 (0.060) 
1 (0.073) 
2 (0.086) 
3 (0.099) 
4 (0.112) 


5 (0.125) 
6 (0.138) 
8 (0.164) 
0 (0.190) 
2 (0.216) 


KN 


| 


1 

1% 
14 
136 
1% 


SCREW THREADS 


TABLE 4—Fine-Thread Series, UNF and NF—Basic Dimensions 


BASIC MAJOR 


THREADS 


BASIC PITCH 


MINOR DIAME- 
TER EXTERNAL 


MINOR DIAME- 
TER INTERNAL 


LEAD ANGLE 
AT BASIC PITCH 


SECTION AT 
MINOR DIAMETER 


281 


STRESS AREAP 


ACBL bs eH, PEER, eS Babe DIAMETER, at D-2he 

In. In. In In. Deg Min Sq in. Sq in. 
0.0600 80 0.0519 0.0447 0.0465 4 23 0.0015 0.0018 
0.0730 72 0.0640 0.0560 0.0580 3 57 0.0024 0.0027 
0.0860 64 0.0759 0.0668 0.0691 3 45 0.0034 0.0039 
0.0990 56 0.0874 0.0771 0.0797 3 43 0.0045 0.0052 
0.1120 48 0.0985 0.0864 0.0894 3 51 0.0057 0.0065 
0.1250 44 0.1102 0.0971 0.1004 3 45 0.0072 0.0082 
0.1380 40 0.1218 0.1073 0.1109 3 44 0.0087 0.0101 
0.1640 36 0.1460 0.1299 0.1339 3 28 0.0128 0.0146 
0.1900 32 0.1697 0.1517 0.1562 3 21 0.0175 0.0199 
0.2160 28 0.1928 0.1722 0.1773 3 22 0.0226 0.0257 
0.2500 28 0.2268 0.2062 0.2113 2 52 0.0326 0.0362 
0.3125 24 0.2854 0.2614 0.2674 2 40 0.0524 0.0579 
0.3750 24 0.3479 0.3239 0.3299 2 11 0.0809 0.0876 
0.4375 20 0.4050 0.3762 0.3834 2 15 0.1090 0.1185 
0.5000 20 0.4675 0.4887 0.4459 1 57 0.1486 0.1597 
0.5625 18 0.5264 0.4943 0.5024 1 55 0.1888 0.2026 
0.6250 18 0.5889 0.5568 0.5649 1 43 0.2400 0.2555 
0.7500 16 0.7094 0.6733 0.6823 1 36 0.3513 0.3724 
0.8750 14 0.8286 0.7874 0.7977 1 34 0.4805 0.5088 
1.0000 14 0.9536 0.9124 0.9227 1 22 0.6464 0.6791 
1.0000 12 0.9459 0.8978 0.9098 1 36 0.6245 0.6624 
1.1250 12 1.0709 1.0228 1.0348 1 25 0.8118 0.8549 
1.2500 12 1.1959 1.1478 1.1598 L. 16 1.0237 1.0721 
1.3750 12 1.3209 1.2728 1.2848 1 9 1.2602 1.3137 
1.5000 12 1.4459 1.3978 1.4098 1 3 1.5212 1.5799 


* British: Effective Diameter. t b F 
See formula under definition of stress area in Appendix A, Terminology. 


282 SCREW THREADS 
TABLE 5—Extra-Fine Thread Series, NEF*—Basic Dimensions 
MINOR DIAME- MINOR DIAME- LEAD ANGLE 
BASIC MAJOR BASIC PITCH SECTION AT 
n 
Tn. In. In. In. Deg Min Sq in. 

12 (0.216) 0.2160 32 0.1957 0.1777 0.1822 2 55 0.0242 
Y 0.2500 32 0.2297 0.2117 0.2162 2 29 0.0344 
Ke 0.3125 32 0.2922 0.2742 0.2787 i 57 0.0581 
3% 0.3750 32 0.3547 0.3367 0.3412 1 36 0.0878 
Ke 0.4875 28 0.4143 0.3937 0.3988 1 34 0.1201 
yy 0.5000 28 0.4768 0.4562 0.4613 1 22 0.1616 
Xe 0.5625 24 0.5354 0.5114 0.5174 1 25 0.2030 
% 0.6250 24 0.5979 0.5739 0.5799 1 16 0.2560 
146 0.6875 24 0.6604 0.6364 0.6424 1 9 0.3151 
34 0.7500 20 0.7175 0.6887 0.6959 1 16 0.3685 
1346 0.8125 20 0.7800 0.7512 0.7584 1 10 0.4388 
% 0.8750 20 0.8425 0.8137 0.8209 1 5~ 0.5153 
1546 0.9375 20 0.9050 0.8762 0.8834 1 0 0.5979 
1 1.0000 20 0.9675 0.9387 0.9459 0 57 0.6866 
le 1.0625 18 1.0264 0.9943 1.0024 0 59 0.7702 
1% 1.1250 18 1.0889 1.0568 1.0649 0 56 0.8705 
16 1.1875 18 1.1514 1.1193 1.1274 0 53 0.9770 
1% 1.2500 18 1.2139 1.1818 1.1899 0 50 1.0895 
1546 1.3125 18 1.2764 1.2443 1.2524 0 48 1.2082 
13 1.3750 18 1.3389 1.3068 1.3149 0 45 1.3330 
lKe 1.4375 18 1.4014 1.3693 1.3774 0 43 1.4640 
1% 1.5000 18 1.4639 1.4318 1.4399 0 42 1.6011 
1%6 1.5625 18 1.5264 1.4943 1.5024 0 40 1.7444 
1% 1.6250 18 1.5889 1.5568 1.5649 0 38 1.8937 
11M, 1.6875 18 1.6514 1.6193 1.6274 0 37 2.0493 
134 1.7500 16 1.7094 1.6733 1.6823 0 40 2.1873 
2 2.0000 16 1.9594 1.9233 1.9323 0 35 2.8917 


® Certain sizes are designated UNEF in Tables 17 and 18. 


> British: Effective Diameter. 
© See formula under definition of stress area in Appendix A, Terminology. 


STRESS AREA® 


SCREW THREADS 


TABLE 6—8-Thread Series, 8N—Basic Dimensions 
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LEAD ANGLE 
sizes "DIAMETER, Piaueren* | EXTERNAL THREADS, | INTERNAL THREADS, | ATPASICPITCH | sexGp prawerer | STRESS AREAP 
D E Ks n PER av D-2hp 
In. In. In. ees Tn. Deg Min Sq in. Sq in. 
1 1.0000 0.9188 0.8466 0.8647 2 29 0.5510 0.6051 
1K 1.1250 1.0438 0.9716 0.9897 2 11 0.7277 0.7896 
1% - 1.2500 1.1688 1.0966 1.1147 1 57 0.9290 0.9985 
13¢ 1.3750 1.2938 1.2216 1.2397 1 46 1.1548 1.2319 
1% 1.5000 1.4188 1.3466 1.3647 1 36 1.4052 1.4899 
15% 1.6250 1.54388 1.4716 1.4897 1 29 1.6801 1.7723 
13% 1.7500 1.6688 1.5966 1.6147 1 22 1.9796 2.0792 
1% 1.8750 1.7938 1.7216 1.7397 1 16 2.3036 2.4107 
2 2.0000 1.9188 1.8466 1.8647 1 11 2.6521 2.7665 
26 2.1250 2.0438 1.9716 1.9897 1 7 3.0252 3.1469 
24° 2.2500 2.1688 2.0966 2.1147 1 3 3.4228 3.5519 
26° 2.5000 2.4188 2.3466 2.3647 0 57 4.2917 4.4352 
234° 2.7500 2.6688 2.5966 2.6147 0 51 5.2588 5.4164 
3° 3.0000 2.9188 2.8466 2.8647 0 47 6.3240 6.4957 
3c 3.2500 3.1688 3.0966 3.1147 0 43 7 A874 7.6738 
34° 3.5000 3.4188 3.3466 3.3647 0 40 8.7490 8.9504 
334° 3.7500 3.6688 3.5966 3.6147 0 37 10.1088 10.3249 
4c 4.0000 3.9188 3.8466 3.8647 0 35 11.5667 11.7975 
4lye 4.2500 4.1688 4.0966 4.1147 0 33 13.1228 13.3683 
4lec 4.5000 4.4188 4.3466 4.3647 0 31 14.7771 15.0372 
434¢ 4.7500 4.6688 4.5966 4.6147 0 29 16.5295 16.8042 
5e 5.0000 4.9188 4.8466 4.8647 0 28 18.3802 18.6694 
5% 5.2500 5.1688 5.0966 5.1147 0 26 20.3290 20.6330 
bee 5.5000 5.4188 5.3466 5.3647 0 25 22.3760 22.6945 
534° 5.7500 5.6688 5.5966 5.6147 0 24 24,5211 24.8541 
6° 6.0000 5.9188 5.8466 5.8647 0 23 26.7645 27.1118 


® British: Effective Diameter. ‘ 
b See formula under definition of stress area in Appendix A, Terminology. 
© These sizes with specified limits of size, based on length of engagement of 9 threads, are designated UN in Tables 17 and 18, 
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TABLE 7—12-Thread Series, 12N*—Basic Dimensions 


| : ; LEAD ANGLE ; 
] BASE MAJOR | Bask FIV | a MINOR DIAMETER AY BASIC 
SIZES . aanexree, | DIAMETER? ) re | INTER a, | — | 
| 
Ib. co hh : in. : in. | Deg Min | 
lg 0.5000 0.4459 | 0.3978 | 0.4098 ) ae 
% 0.5625 0.5084 0.4603 0.4723 | sta 
5¢ 0.6250 0.5709 | «(0.5228 0.5348 ) 228 a | 
6 0.6875 O.es¢ | 0.583 | O78 | 2 mM | 
Sy 0.7500 0.059 | O78 | o698 | 2 LH | 
1346 0.8125 0.7584 0.7103 0.7223 2 0 
i< 0.8750 0.8209 0.7728 0.7848 1 51 
1546 0.9375 0.8834 0.8353 ass | 95.33 
1 1.0000 ooo 6 |:)Cliogovs S|: is S| ll 
1%¢ 1.0625 1.0084 0.9603 0.9723 oe | 
1K 1.1250 1.0709 1.0228 1.0348 es T 
1X%¢ 1.1875 1.1334 1.0853 1.0973 ka ee 
7+ 
144 1.2500 1.1959 1.1478 Lime —;—_1— fo | 
1X¢ 1.3125 1.2584 1.2103 1.2233 bate a2" 
134 1.3750 1.3209 1.2728 1.2848 1 a le | 
Ke 1.4375 1.3834 1.3353 1.3473 1 : | 
1g 1.5000 1.4459 1.3978 1.4098 Wena Bad! 
13g 1.6250 1.5709 1.5228 1.5348 oo s | 
134 1.75 1.6959 1.6478 1.6598 0 Cy | 
1% 1.8750 1.8209 1.7728 1.7848 o | 
2 2.0000 1.9459 1.8978 1.9098 oNag | 
2 2.1250 2.0709 2.0228 2.0348 a aa 
24% 2.2500 2.19599 | 2.1478 2.1598 o 42 | 
234 2.3750 2.3209 2.2728 2268 | 0, @ | 
216 2.5000 24459 2.3978 2.4098 ae ae 
25g 2.6250 2.5709 2.5228 2.5348 Q- 36 1) 
234 2.75 2.6959 2.6478 2.6598 §. © 06 
2g 2.8750 2.3208 2.7728 2S ah” One Bees] 
3 3.0000 2.9459 2.3978 ro mn) RE cee Dad 
3k 3.1250 3.0709 3.0228 3008 | -0 2 | 
3% 3.2500 3.1959 3.1478 3.1598 | oOo 2@ | 
33 3.3750 3.3208 3.2728 3.2 04) OS Brie | 
) . 
314 3.5000 3.4459 3.3978 3.4088 gs. 26 
33¢ 3.6250 3.5709 3.5228 3.5348 G «~s 
334 3.75 3.6959 3.6478 3.6598 & J 
334 3.8750 3.8209 3.7728 3s 4 Oe 
: 
4 4.0000 3.9459 3.8978 ce | 
4% 4.2500 4.1959 4.1478 4198 | 0 @ 
41g 4.5000 4.4459 4.3978 4.4098 0 21 
434 4.75 4.6959 4.6478 4.6598 ee tae 
; 5.0000 4.9459 4.8978 4998 | 0 B 
514 5.2500 5.1959 5.1478 5.1598 0 18 
516 5.5000 5.4459 5.3978 | 5.4098 ee 
534 5.75 5.6959 5.6478 | 5.698 | oO 6 | 
6 6.0000 5.9459 . 5.8978 5.9098 o wb | 
+ Certain sizes are designated UN in Tables 17 and 18. 


Diameter. 
© See formule under definition of stress area in Appendix A, Terminology. 


SCREW THREADS 


TABLE 8—16-Thread Series, 16N*—Basic Dimensions 


} 


BASIC MAJOR BASIC PITCH | MENoR Diawerez | moNo DiAwerse oe tS SECTION st 
DIAMETER, DIAMETER,P | EXTERNAL THEEADS, INTERNAL THEE<DS, eee eee MINOR DIAMETER sYezss azes* 
D | E s : Ky wc a a ; at D2 
In. ) In. In. In. De Ma Sq in Sein. 

0.7500 0.7094 0.6733 0.6823 1 36 0.3513 | 0.3724 
0.8125 0.7719 0.7358 0.7448 1 29 0.4200 0.4429 
0.8750 | 0.8344 0.7983 0.8073 1 ie 0.4949 0.5197 
0.9375 | 0.8969 0.8608 0.8698 1 16 0.5759 0.6025 
1.0000 0.9594 0.9233 0.9323 1 11 0.6630 0.6916 
1.0625 ; 1.0219 0.9858 0.9948 1 7 0.7563 0.7367 
1.1250 1.0844 1.0483 1.0573 1 3 0.8557 0.8880 
1.1875 : 1.1469 1.1108 1.1198 1 0 0.9612 0.9955 

I 

{ 
1.2500 1.2094 1.1733 1.1823 ao. * 1.0729 1.1030 
1.3135 © | 1.2719 1.2358 1.2448 0 54 1.1907 1.2287 
1.3750 ) 1.3344 1.2983 1.3073 0 51 1.3147 1.3545 
1.4375 ) 1.3969 1.3608 1.3698 0 49 1.4448 1.4865 

} 
1.5000 | = 1.4594 1.4233 1.4323 0 47 1.5810 1.6246 
1.5625 1.5219 1.4858 1.4948 0 45 172 1.7687 
1.6250 1.5844 : 1.5483 1.557: a °Se 1.8719 1.9191 
1.6875 1.6469 1.6108 1.6198 oe 2.0265 2.0757 
1.7500 1.7094 1.6733 1.6823 0 4 2.1873 2.2382 
1.8125 1.7719 1.7358 "1.7448 o- *' 39 2 3542 2 4970 
1.8750 1.8344 1.7983 1.8073 6. 3 2.5272 2.5819 
1.9375 1.3969 | 1.8608 1.8698 a 7a 2.7064 2.7629 
2.000  —-:1.9504 1.9233 1.9323 0 35 2.8917 2.9501 
2.0625 | 2.0219 1.9858 1.9948 0 34 3.0831 3.1434 
2.1250 2.0844 2.0483 2.0573 0 33 3 2807 3.3427 
2.1875 | 2.1469 2.1108 2.1198 o 2 3.4844 3.5483 
2.2500 i 2.9094 ) 2.1733 2.1823 g Stay 3.6943 3.7601 
ma izi=] 8238 2.2448 0 30 3.9103 3.9780 
2.3750 | 2.3344 2.2983 2.3073 o 2 4.1324 4.2918 
2.4375 2.3969 | 2.3608 2.3698 0 29 4.3606 4.4319 
2.5000 | 2.4504 2.4233 2.4323 0 BZ 4.5950 4.6682 
2.6250 2.5844 2.5483 2.557. 0 2 5.0822 5.1790 
2.7500 2.7094 2.6733 2.6823 0 3B 5.5940 5.6745 
2.8750 | 2.8344 2.7983 2.8073 0 2 6.1303 6.2143 

j 
3.0000 2.9594 2.9233 2.9323 o 3 6.6911 6.778 
3.1250 3.0844 3.0483 3.0573 0 2 7.2765 7.3678 
3.2500 3.2004 3.1733 3.1823 hee 7 S864 7.9814 
3.3750 BBB 3.2083 3.3073 0 21 $.5209 8.6194 
3.5000 . 3.4504 ) 3.4233 3.4323 0 2 9.1799 9.2821 
3.6250 3.5844 3.5483 ) 3.557: 0 19 9.8634 9.9691 
3.7500 3.7094 3.6733 3.6823 0 18 10.5715 10.6809 
3.8750 | 3.8344 | 3.7983 | 3.8073 0 Is 11.302 11.4170 

: ; 

: : H 
4.0000 3 9594 3.9233 3.9323 0 17 12.0614 12.1779 
4.2500 4.2004 Pes Ses 4.1823 0 16 13.6494 13.77 
4 5000 4.4504 | 4.4233 4.4323 0 15 15.3355 154662 
4.7500 a7 ) 4.6733 4.6823 ee 17.1199 17.2575 

- 
5.0000 {| 4.9594 4.9233 4.9323 0 14 19.0024 19.1470 
5.2500 5.2004 5.1733 5.1823 ge 8 20.9831 21.1350 
5.5000 5.4594 5.4233 5.4323 0 13 23 0620 23.2208 
5.7500 5.7094 5.6733 5.6823 0 12 25.2390 25 4047 
6.0000 5.9594 5.9233 5.9323 0 Bt 27 5142 27.6868 
"} Certain sizes are designated UN in Tables 17 and 18. 


© See formula under definition of stress area in Appendix A, Terminology. 


286 SCREW THREADS 
TABLE 9—Class 1A, External Threads—UNC, UNF, NC, and NF Series 
DESIGNATION : EXTERNAL-THREAD LIMITS OF SIZE 
Major diameter Pitch diameter* 
ire ieee per | Thread symbol Allowance Limits rue Limits Ro aa 2 ae saath > 
Max Min Max Min 
Yy 20 UNC-1A 0.0011 0.2489 0.2367 0.0122 0.2164 0.2108 0.0056 0.1876 
A 28 UNF-1A 0.0010 0.2490 0.2392 0.0098 0.2258 0.2208 0.0050 0.2052 
Ke 18 UNC-1A 0.0012 0.3113 0.2982 0.0131 0.2752 | 0.2691 0.0061 0.2431 
He 24 UNF-1A 0.0011 0.3114 0.3006 0.0108 0.2843 0.2788 0.0055 0.2603 
3¢ 16 UNC-1A 0.0013 0.3737 0.3595 0.0142 0.3331 0.3266 0.0065 0.2970 
36 24 UNF-1A 0.0011 0.3739 | 0.3631 0.0108 0.3468 0.3411 0.0057 0.3228 
Y6 14 UNC-1A 0.0014 0.4361 0.4206 0.0155 6.3897 0.3826 0.0071 0.3485 
U6 20 UNF-1A 0.0013 0.43862 0.4240 0.0122 0.4037 0.3975 0.0062 0.3749 
6 13 NC-1A 0.0015 0.4985 0.4822 0.0163 0.4485 0.4411 0.0074 0.4041 
Vy 12 UNC-1A 0.0015 0.4985 0.4813 0.0172 0.4444 > 054367 0.0077 0.3963 
4 20 UNF-1A 0.0013 0.4987 0.4865 0.0122 0.4662 0.4598 0.0064 0.4374 
| 
%6 12 UNC-1A 0.0016 0.5609 0.5437 0.0172 0.5068 0.4990 0.0078 0.4587 
%6 18 UNF-1A 0.0014 0.5611 0.5480 0.0131 0.5250 0.5182 0.0068 0.4929 
% ll UNC-1A 0.0016 0.6234 | 0.6052 0.0182 0.5644 0.5561 0.0083 0.5119 
x 18 UNF-1A 0.0014 0.6236 | 0.6105 0.0131 0.5875 0.5805 0 0070 0.5554 
34 10 UNC-1A 0.0018 0.7482 0.7288 0.0194 0.6832 0.6744 0.0088 0.6255 
34 16 UNF-1A 0.0015 0.7485 0.7343 0.0142 0.7079 0.7004 0.0075 0.6718 
1% 9 UNC-1A 0.0019 0.8731 0.8523 0.0208 0.8009 0.7914 0.0095 0.7368 
K% 14 UNF-1A 0.0016 0.8734 0.8579 0.0155 0.8270 0.8189 0.0081 0.7858 
1 8 UNC-1A 0.0020 0.9980 0.9755 0.0225 0.9168 0.9067 0.0101 0.8446 
uf 12 UNF-1A 0.0018 0.9982 0.9810 0.0172 0.9441 0.9353 0.0088 0.8960 
1 14 NF-1A 0.0017 0.9983 | 0.9828 0.0155 0.9519 0.9435 0.0084 0.9107 
1k 7, UNC-1A 0.0022 1.1228 1.0982 0.0246 1.0300 1.0191 0.0109 0.9475 
1k 12 UNF-1A 0.0018 1.1232 1.1060 0.0172 1.0691 1.0601 0.0090 1.0210 
1% if UNC-1A 0.0022 1.2478 112232 0.0246 1.1550 | 1.1439 0.0111 1.0725 
14 12 UNF-1A 0.0018 1.2482 1.2310 0.0172 1.1941 1.1849 0.0092 1.1460 
34 6 UNC-1A 0.0024 1.3726 1.3453 0.0273 126435 9 oles 0.0120 1.1681 
13¢ 12 UNF-1A 0.0019 1.3731 1.3559 0.0172 1.3190 | 1.3096 0.0094 1.2709 
1% 6 UNC-1A 0.0024 1.4976 | 1.4703 0.0273 1.3893 1.3772 0.0121 1.2931 
lo 12 UNF-1A 0.0019 1.4981 1.4809 0.0172 1.4440 1.4344 0.0096 1.3959 
A 5 UNC-1A 0.0027 1.7473 1.7165 0.0308 1.6174 1.6040 0.0134 1.5019 
2 416 UNC-1A 0.0029 1997 eee Gel S641. 0.0330 1.8528 1.8385 0.01438 1.7245 
244 41g UNC-1A 0.0029 2.2471 | 2.2141 0.0330 2.1028 2.0882 0.0146 1.9745 
24 4 UNC-1A 0.0031 2.4969 2.4612 0.0357 2.3345 2.3190 0.0155 2.1902 
234 4 UNC-1A 0.0032 2.7468 | 2.7111 0.0357 2.5844 | 2.5686 0.0158 2.4401 
3 4 UNC-1A 0.0032 2.9968 . 2.9611 0.0357 DERS4A weal 2 BERS 0.0161 2.6901 
34 4 UNC-1A 0.0033 eye NR era) 0.0357 3.0843 3.0680 0.0163 2.9400 
34 4 UNC-1A 0.0033 3.4967 3.4610 0.0357 3.3343 3.3177 0.0166 3.1900 
334 4 UNC-1A 0.0034 3.7466 3.7109 0.0357 3.5842 3.5674 0.0168 3.4399 
a | 4 UNC-1A 0.0034 3.9966 3.9609 0.0357 3.8342 3.8172 0.0170 3.6899 


* British: Effective Diameter. 


» See Fig. 1. 


[. SCREW THREADS 287 
3 TABLE 10a—Class 2A, External Threads—UNC, UNF, NC, NF, and 8N Series 
DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE 
ie Majer diameter Pitch diameter* 
‘Threads 
7 Thread eh Fen M 
Size ce S aed Allowance Limits Tolerance Limits Coeds ho Tee 
Max® Min® Min® d Li Max® Min 
0 (0.060); 80 | NF-2A 0.0005 0.0595 0.0563 ~ 0.00382 — 0.0514 0.0496 0.0018 0.0442 
1 (0.073); 64 | NC-2A 0.0006 0.0724: 0.0686 — 0.0038 _— 0.0623 0.0603 0.0020 0.0532 
'1 (.073)| 72 | NF-2A 0.0006 0.0724 0.0689 — 0.0035 _— 0.0634 0.0615 0.0019 0.0554 
(2 (0.086)| 56 | NC-2A 0.0006 0.0854 0.0813 — 0.0041 — 0.0738 0.0717 0.0021 0.0635 
2 (0.086); 64 | NF-2A 0.0006 0.0854 0.0816 — 0.0038 — 0.0753 0.0733 0.0020 0.0662 
3 (0.099); 48 | NC-2A 0.0007 0.0983 0.0938 — 0.0045 — 0.0848 0.0825 0.0023 0.0727 
|3 (0.099)| 56 NF-2A 0.0007 | 0.0983 0.0942 — 0.0041 — 0.0867 0.0845 0.0022 0.0764 
| 4 (0.112);} 40 | NC-2A 0.0008 0.1112 0.1061 _ 0.0051 — 0.0950 0.0925 0.0025 0.0805 
4 (0.112)| 48 | NF-2A 0.0007 0.1113 0.1068 — 0.0045 — 0.0978 0.0954 0.0024 | 0.0857 
5 (0.125)| 40 | NC-2A 0.0008 0.1242 0.1191 — 0.0051 — 0.1080 0.1054 0.0026 0.0935 
5 (0.125)} 44 | NF-2A 0.0007 0.1243 0.1195 — 0.0048 — 0.1095 0.1070 0.0025 0.0964 
6 (0.138)| 32 | NC-2A 0.0008 0.1372 0.1312 — 0.0060 — 0.1169 0.1141 0.0028 0.0989 
6 (0.1388)} 40 | NF-2A 0.0008 0.1372 0.1321 — 0.0051 — 0.1210 0.1184 0.0026 0.1065 
8 (0.164); 32 | NC-2A 0.0009 0.1631 0.1571 — 0.0060 — 0.1428 0.1399 0.0029 0.1248 
8 (0.164) 36 | NF-2A 0.0008 0.1632 0.1577 — 0.0055 — 0.1452 0.1424 0.0028 0.1291 
10 (0.190)! 24 | NC-2A 0.0010 0.1890 0.1818 — 0.0072 _— 0.1619 0.1586 0.0033 0.1379 
116 (0.190)| 32 | NF-2A 0.0009 0.1891 0.1831 — 0.0060 — 0.1688 0.1658 0.0030 0.1508 
“12 (0.216)} 24 | NC-2A 0.0010 0.2150 0.2078 — 0.0072 — 0.1879 0.1845 0.0034 0.1639 
12 (0.216)| 28 | NF-2A 0.0010 0.2150 0.2085 — 0.0065 — 0.1918 0.1886 0.0032 0.1712 
| Yy 20 | UNC-2A | 0.0011 0.2489 0.2408 0.2367 0.0081 0.0122 0.2164 0.2127 0.0037 0.1876 
A 28 | UNF-2A | 0.0010 0.2490 0.2425 — 0.0065 — 0.2258 0.2225 0.0033 0.2052 
\ 
46 18 | UNC-2A | 0.0012 0.3113 0.3026 0.2982 0.0087 0.0131 0.2752 | 0.2712 0.0040 0.2431 
He 24 | UNF-2A | 0.0011 0.3114 0.3042 — 0.0072 — 0.2843 0.2806 0.0037 0.2603 
3¢ 16 | UNC-2A | 0.0013 0.3737 0.3643 0.3595 0.0094 0.0142 0.3331 0.3287 0.0044 0.2970 
3¢ 24 | UNF-2A | 0.0011 0.3739 0.3667 — 0.0072 — 0.3468 0.3430 0.0038 0.3228 
| Keo 14 | UNC-2A | 0.0014 0.4361 0.4258 0.4206 0.0103 0.0155 0.3897 0.3850 0.0047 0.3485 
| 146 20 | UNF-2A | 0.0013 0.4362 0.4281 — 0.0081 — 0.4037 0.3995 0.0042 0.3749 
| aA 13. | NC-2A 0.0015 0.4985 0.4876 0.4822 0.0109 0.0163 0.4485 0.4435 0.0050 0.4041 
ine 3G 12 | UNC-2A | 0.0015 0.4985 0.4871 0.4813 0.0114 0.0172 0.4444 0.4393 0.0051 0.3963 
%. 20 | UNF-2A | 0.0013 0.4987 0.4906 — 0.0081 — 0.4662 0.4619 0.0043 0.4374 
12 | UNC-2A | 0.0016 0.5609 0.5495 0.5437 0.0114 0.0172 0.5068 0.5016 0.0052 0.4587 
18 | UNF-2A | 0.0014 0.5611 0.5524 — 0.0087 — 0.5250 0.5205 0.0045 0.4929 
11 | UNC-2A | 0.0016 0.6234 0.6113 0.6052 0.0121 0.0182 0.5644 0.5589 0.0055 0.5119 
18 | UNF-2A | 0.0014 0.6236 0.6149 — 0.0087 — 0.5875 0.5828 0.0047 0.5554 
10 | UNC-2A | 0.0018 0.7482 0.7353 0.7288 0.0129 0.0194 0.6832 0.6773 0.0059 0.6255 
16 | UNF-2A | 0.0015 | 0.7485 0.7391 — 0.0094 — 0.7079 0.7029 0.0050 0.6718 
9 UNC-2A 0.0019 0.8731 0 8592 0.8523 | 0.0139 0.0208 0.8009 0.7946 0.0063 0.7368 
14 | UNF-2A | 0.0016 0.8734 0.8631 —" 0.0103 — 0.8270 0.8216 0.0054 0.7858 
8 | UNC-2A | 0.0020 0.9980 0.9830 0.9755 0.0150 0.0225 0.9168 0.9100 0.0068 0.8446 
12 | UNF-2A | 0.0018 0.9982 0.9868 aoe 0.0114 — 0.9441 0.9382 0.0059 0.8960 
14 | NF-2A 0.0017 0.9983 0.9880 — 0.0103 _— 0.9519 0.9463 0.0056 0.9107 
7 | UNC-2A | 0.0022 1.1228 1.1064 1.0982 0.0164 0.0246 1.0300 1.0228 0.0072 0.9475 
8 | N-2A 0.0021 1.1229 1.1079 1.1004 0.0150 0.0225 1.0417 1.0348 0.0069 0.9695 
12 | UNF-2A | 0.0018 Tet232 1.1118 — 0.0114 — 1.0691 1.0631 0.0060 1.0210 


i British: Effeetive Diameter. 
B: See Fig. 1. __ 
4 _ © Maximum limits are increased by the amount of the allowance for threads which are electroplated or have coatings of similar thicknesses. Where the allowance is not suffi- 
i cient for the required thickness of plating or coating, special provisions are necessary. 
For semi-finished and finished screws and bolts, threaded portion only. 
® For unfinished hot-rolled material, threaded portion only. 


288 SCREW THREADS 


TABLE 10b—Class 2A, External Threads—UNC, UNF, NC, NF, and 8N Series 


DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE 
Major diameter Pitch diameter* 
ds | Thread smi a Mi 
Size ee symbol Allowance Limits Tolerance Limits Tas diameve : 
Max® Min? Min® 2 © Max° Min 
1% a UNC-2A | 0.0022 1.2478 1.2314 1.2232 0.0164 0.0246 1.1550 1.1476 0.0074 1.0725 
1% 8 N-2A 0.0021 1.2479 1.2329 1.2254 0.0150 0.0225 1.1667 1.1597 0.0070 1.0945 
1% 12 UNF-2A 0.0018 1.2482 1.2368 — 0.0114 = 1.1941 1.1879 0.0062 1.1460 
134 6 UNC-2A | 0.0024 1.3726 1.3544 1.3453 0.0182 0.0273 1.2643 1.2563 0.0080 1.1681 
13g 8 N-2A 0.0022 1.3728 1.3578 1.3503 0.0150 0.0225 1.2916 1.2844 0.0072 1.2194 
13% 12 UNF-2A | 0.0019 1.3731 1.3617 —_ 0.0114 = 1.3190 1.3127 0.0063 1.2709 
14% 6 UNC-2A | 0.0024 1.4976 1.4794 1.4703 0.0182 0.0273 1.3893 1.3812 0.0081 1.2931 
1% 8 N-2A 0.0022 1.4978 1.4828 1.4753 0.0150 0.0225 1.4166 1.4093 0.0073 1.3444 
1% 12 UNF-2A | 0.0019 1.4981 1.4867 — 0.0114 = 1.4440 1.4376 0.0064 1.3959 
15% 8 N-2A 0.0022 1.6228 1.6078 | 1.6003 0.0150 0.0225 1.5416 1.5342 0.0074 1.4694 
13%4 5 UNC-2A | 0.0027 1.7473 1.7268 1.7165 0.0205} 0.0308 ~ 1.6174 1.6085 0.0089 1.&019 
13% 8 N-2A 0.0023 1.7477 UBCyil 1.7252 0.0150 0.0225 1.6665 1.6590 0.0075 1.5943 
1% 8 N-2A 0.0023 1.8727 1.8577 1.8502 0.0150 0.0225 1.7915 1.7838 0.0077 1.7193 
2 41g | UNC-2A | 0.0029 1.9971 1.9751 1.9641 0.0220 0.0330 128528 1.84383 0.0095 1.7245 
2 8 N-2A 0.0023 1.9977 1.9827 1.9752 0.0150 0.0225 1.9165 1.9087 0.0078 1.8443 
216 8 N-2A 0.0024 2.1226 2.1076 2.1001 0.0150 0.0225 2.0414 2.0335 0.0079 1.9692 
244 446 | UNC-2A | 0.0029 2.2471 2.2251 2.2141 0.0220 0.0330 2.1028 2.0931 0.0097 1.9745 
24% 8 N-2A 0.0024 2.2476 2.2326 2.2251 0.0150 0.0225 2.1664 2.1584 0.0080 2.0942 
216 4 UNC-2A | 0.00381 2.4969 2.4731 2.4612 0.0238 0.0357 2.3345 2.3241 0.0104 2.1902 
24 8 N-2A 0.0024 2.4976 2.4826 2.4751 0.0150 0.0225 2.4164 2.4082 0.0082 2.3442 
234 4 UNC-2A | 0.00382 2.7468 2.7230 2.7111 0.0238 0.0357 2.5844 2.5739 0.0105 2.4401 
234 8 N-2A 0.0025 2.7475 2.7325 2.7250 0.0150 0.0225 2.6663 2.6580 0.0083 2.5941 
3 4 UNC-2A | 0.00382 2.9968 2.9730 2.9611 0.0238 0.0357 2.8344 2.8237 0.0107 2.6901 
3 8 N-2A 0.0026 2.9974 2.9824 2.9749 0.0150 0.0225 2.9162 2.9077 0.0085 2.8440 
34 4 UNC-2A | 0.0033 3.2467 3.2229 3.2110 0.0238 0.0357 3.0843 3.0734 0.0109 2.9400 
34 8 N-2A 0.0026 3.2474 3.2324 3.2249 0.0150 0.0225 3.1662 3.1575 0.0087 3.0940 
34 4 UNC-2A | 0.0033 3.4967 3.4729 3.4610 0.0238 0.0357 3.3343 3.3233 0.0110 3.1900 
34 8 N-2A 0.0026 3.4974 3.4824 3.4749 0.0150 0.0225 3.4162 3.4074 0.0088 3.3440 
334 4 UNC-2A 0.0034 3.7466 3.7228 3.7109 0.0238 0.0357 3.5842 3.5730 0.0112 3.4399 
334 8 N-2A 0.0027 3.7473 3.7323 3.7248 0.0150 0.0225 3.6661 3.6571 0.0090 3.5939 
a 4 UNC-2A | 0.0034 3.9966 3.9728 3.9609 0.0238 0.0357 3.8342 3.8229 0.0113 3.6899 
4 8 N-2A 0.0027 3.9973 3.9823 3.9748 0.0150 0.0225 3.9161 3.9070 0.0091 3.8439 
414 8 N-2A 0.0028 4.2472 |- 4.2322 4.2247 0.0150 0.0225 4.1660 4.1567 0.0093 4.0938 
416 8 N-2A 0.0028 4.4972 4.4822 4.4747 0.0150 0.0225 4.4160 4.4066 0.0094 4.3438 
434 8 N-2A 0.0029 4.7471 4.7321 4.7246 0.0150 0.0225 4.6659 4.6564 0.0095 4.5937 
5 8 N-2A 0.0029 4.9971 4.9821 4.9746 0.0150 0.0225 4.9159 4.9062 0.0097 4.8437 
54% 8 N-2A 0.0029 5.2471 5.2321 5.2246 0.0150 0.0225 5.1659 5.1561 0.0098 5.0937 
54% 8 N-2A 0.0030 5.4970 5.4820 5.4745 0.0150 0.0225 5.4158 5.4059 0.0099 5.3436 
534 8 N-2A 0.0030 5.7470 5.7320 5.7245 0.0150 0.0225 5.6658 5.6558 0.0100 5.5936 
6 8 N-2A 0.0030 5.9970 5.9820 5.9745 0.0150 0.0225 5.9158 5.9056 0.0102 5.8436 


* British: Effective Diameter. 
See Fig. 1. 
_ ° Maximum limits are increased by the amount of the allowance for threads which are electroplated or have coatings of similar thicknesses. Where the allowance is not su 
cient for the required thickness of plating or coating, special provisions are necessary. 
4 For semi-finished and finished screws and bolts, threaded portion only. 
* For unfinished hot-rolled material, threaded portion only. 


SCREW THREADS 


TABLE 11—Class 3A, External Threads—UNC, UNF, NC, and NF Series 


DESIGNATION 
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Major diameter Pitch diameter* 
Size Rbeeees per | Thread symbol} Allowance Limits Limits Minor diameter® 
Tolerance Tolerance 
Max Min Max Min 
% 20 UNC-3A 0.0000 0.2500 0.2419 0.0081 0.2175 0.2147 0.0028 0.1887 
yy 28 UNF-3A 0.0000 0.2500 0.24385 0.0065 0.2268 0.2243 0.0025 0.2062 
He 18 UNC-3A 0.0000 0.3125 0.3038 0.0087 0.2764 0.2734 0.0030 0.2443 
46 24 UNF-3A 0.0000 0.3125 0.3053 0.0072 0.2854 0.2827 0.0027 0.2614 
34 16 UNC-3A 0.0000 0.3750 0.3656 0.0094 0.3344 0.3311 0.0033 0.2983 
34 24 UNF-3A 0.0000 0.3750 0.3678 0.0072 0.3479 0.3450 | 0.0029. 0.3239 
Vo 14 UNC-3A 0.0000 0.4375 0.4272 0.0103 0.3911 0.3876 0.0035 0.3499 
~ Ke 20 UNF-3A 0.0000 0.4375 0.4294 0.0081 0.4050 0.4019 0.0031 0.3762 
aa 13 NC-3A 0.0000 0.5000 0.4891 0.0109 0.4500 0.4463 0.0037 0.4056 
oA 12 UNC-3A 0.0000 0.5000 0.4886 0.0114 0.4459 0.4421 0.0038 0.3978 
% 20 UNF-3A 0.0000 0.5000 0.4919 0.0081 0.4675 0.4643 0.0032 0.4887 
Ye 12 UNC-3A 0.0000 0.5625 0.5511 0.0114 0.5084 0.5045 0.0039 0.4603 
Ke 18 UNF-38A 0.0000 0.5625 0.5538 0.0087 0.5264 0.5230 0.0034 0.4943 
54 11 UNC-3A 0.0000 0.6250 0.6129 0.0121 0.5660 0.5619 0.0041 0.5135 
| 54 18 UNF-3A 0.0000 0.6250 0.6163 0.0087 0.5889 0.5854 0.0035 0.5568 
34 10 UNC-3A 0.0000 0.7500 0.7371 0.0129 0.6850 0.6806 0.0044 0.6273 
34 16 UNF-3A 0.0000 0.7500 0.7406 | 0.0094 0.7094 0.7056 0.0038 0.6733 
i% 9 UNC-3A 0.0000 0.8750 0.8611 0.0139 0.8028 0.7981 0.0047 0.7387 
iK% 14 UNF-3A 0.0000 0.8750 0.8647 0.0103 0.8286 0.8245 0.0041 0.7874 
: oe 8 UNC-3A 0.0000 1.0000 0.9850 0.0150 0.9188 | 0.9137 0.0051 0.8466 
1 12 UNF-3A 0.0000 1.0000 0.9886 0.0114 0.9459 0.9415 0.0044 0.8978 
1 14 NF-3A 0.0000 1.0000 0.9897 0.0103 0.9536 0.9494 0.0042 0.9124 
1 é UNC-3A 0.0000 1.1250 1.1086 0.0164 1.0322 1.0268 0.0054 0.9497 
1K 12 UNF-3A 0.0000 1.1250 1.1136 0.0114 1.0709 1.0664 0.0045 1.0228 
1% a UNC-3A 0.0000 1.2500 1.2336 0.0164 1.1572 VSist7 0.0055 1.0747 
1% 12 UNF-3A 0.0000 1.2500 1.2386 0.0114 1.1959 1.1913 0.0046 1.1478 
13% 6 UNC-3A 0.0000 1.3750 1.3568 0.0182 1.2667 1.2607 0.0060 1.1705 
134 12 UNF-3A 0.0000 1.3750 1.3636 0.0114 1.3209 1.3162 0.0047 1.2728 
14% 6 UNC-3A 0.0000 1.5000 1.4818 0.0182 1.3917 1.3856 0.0061 1.2955 
14% 12 UNF-3A 0.0000 1.5000 1.4886 0.0114 1.4459 1.4411 0.0048 1.3978 
4 134 5 UNC-38A 0.0000 1.7500 1.7295 0.0205 1.6201 1.6134 0.0067 1.5046 
2 414 UNC-3A 0.0000 2.0000 1.9780 0.0220 1.8557 | 1.8486 | 0.0071 1.7274 
2% 416 UNC-3A 0.0000 2.2500 2.2280 0.0220 2.1057 | 2.0984 0.0073 1.9774 
244 4 UNC-3A 0.0000 2.5000 2.4762 0.0238 2.3376 | 2.3298 0.0078 2.1933 
234 4 UNC-3A 0.0000 2.7500 2.7262 0.0238 2.5876 2.5797 0.0079 2.4433 
‘ | | 
3 4 UNC-3A 0.0000 3.0000 2.9762 0.0238 2.8376 | 2.8296 0.0080 2.6933 
3% 4 UNC-3A 0.0000 3.2500 3.2262 0.0238 3.0876 | 3.0794 0.0082 2.9483 
34 4 UNC-3A 0.0000 3.5000 3.4762 | 0.0238 3.3376 3.3293 0.0083 3.1933 
334 4 UNC-3A 0.0000 3.7500 3.7262 0.0238 3.5876 | 3.5792 0.0084 3.4433 
4 4 UNC-3A 0.0000 4.0000 3.9762 | 0.0238 3.8376 3.8291 0.0085 3.6933 


* British: Effective Diameter. 
> See Fig. 1. 
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TABLE 12—Class 1B, Internal Threads—UNC, UNF, NC, and NF Series 
DESIGNATION INTERNAL-THERAD LIMITS OF SIZE 
Minor diameter Pitch diameter* 
Major diameter 
Size Threads per inch Thread symbol Limits Limits 
Tolerance Tolerance 
Min Max Min Max Min 
yy 20 UNC-1B 0.1959 0.2067 0.0108 0.2175 0.2248 0.0073 0.2500 
yy 28 UNF-1B 0.2113 0.2190 0.0077 0.2268 0.2333 0.0065 0.2500 
46 18 UNC-1B 0.2524 0.2630 0.0106 0.2764 0.2843 0.0079 0.3125 
Ho 24 UNF-1B 0.2674 0.2754 0.0080 0.2854 0.2925 0.0071 0.3125 
3% 16 UNC-1B 0.3073 0.3182 0.0109 0.3344 0.3429 0.0085 0.3750 
36 24 UNF-1B 0.3299 0.3372 0.0073 0.3479 0.3553 0.0074 0.3750 
6 14 UNC-1B 0.3602 0.3717 0.0115 0.3911 0.4003 0.0092 0.4375 
ye 20 UNF-1B 0.3834 0.3916 0.0082 0.4050 0.4131 0.0081 0.4375 
Wy 13 NC-1B 0.4167 0.4284 0.0117 0.4500 ~ 0.4597 0.0097 0.5000 
4% 12 UNC-1B 0.4098 0.4223 0.0125 0.4459 0.4559 0.0100 0.5000 
% 20 UNF-1B 0.4459 0.4537 0.0078 0.4675 0.4759 0.0084 0.5000 
Ke 12 UNC-1B 0.4723 0.4843 0.0120 0.5084 0.5186 0.0102 0.5625 
Ye 18 UNF-1B 0.5024 0.5106 0.0082 0.5264 0.5353 0.0089 0.5625 
5B 11 UNC-1B 0.5266 0.5391 0.0125 0.5660 0.5767 0.0107 0.6250 
5B 18 UNF-1B 0.5649 0.5730 0.0081 0.5889 0.5980 0.0091 0.6250 
34 10 UNC-1B 0.6417 0.6545 0.0128 0.6850 0.6965 0.0115 0.7500 
34 16 UNF-1B 0.6823 0.6908 0.0085 0.7094 0.7192 0.0098 0.7500 
K% 9 UNC-1B 0.7547 0.7681 0.0134 0.8028 0.8151 0.0123 0.8750 
i 14 UNF-1B 0.7977 0.8068 0.0091 0.8286 0.8392 0.0106 0.8750 
iD 8 UNC-1B 0.8647 0.8797 0.0150 0.9188 0.9320 0.0132 1.0000 
1 12 UNF-1B 0.9098 0.9198 0.0100 0.9459 0.9573 0.0114 1.0000 
1 14 NF-1B 0.9227 0.9315 0.0088 0.9536 0.9645 0.0109 1.0000 
1% 7 UNC-1B 0.9704 0.9875 0.0171 1.0322 1.0463 0.0141 1.1250 
1% 12 UNF-1B 1.0348 1.0448 0.0100 1.0709 1.0826 0.0117 1.1250 
1% 7 UNC-1B 1.0954 1.9125, 0.0171 1.1572 1.1716 0.0144 1.2500 
1% 12 UNF-1B 1.1598 1.1698 0.0100 1.1959 1.2079 0.0120 1.2500 
134 6 UNC-1B 1.1946 1.2146 0.0200 1.2667 1.2822 0.0155 1.3750 
134 12 UNF-1B 1.2848 1.2948 0.0100 1.3209 1.3332 0.0123 1.3750 
1% 6 UNC-1B 1.3196 1.3396 0.0200 1.3917 1.4075 0.0158 1.5000 
1% 12 UNF-1B 1.4098 1.4198 0.0100 1.4459 1.4584 0.0125 1.5000 
134 5 UNC-1B 1.5335 1.5575 0.0240 1.6201 1.6375 0.0174 1.7500 
2, 416 UNC-1B 1.7594 1.7861 0.0267 1.8557 1.8743 0.0186 2.0000 
24% 416 UNC-1B 2.0094 2.0361 0.0267 2.1057 2.1247 0.0190 2.2500 
2% 4 UNC-1B 2:2294 2.2594 0.0300 2.3376 2.3578 0.0202 2.5000 
234 4 UNC-1B 2.4794 2.5094 0.0300 2.5876 2.6082 0.0206 2.7500 
3 4 UNC-1B 2.7294 2.7594 0.0300 2.8376 2.8585 0.0209 3.0000 
34 4 UNC-1B 2.9794 3.0094 0.0300 3.0876 3.1088 0.0212 3.2500 
344 4 UNC-1B 3.2294 3.2594 0.0300 3.3376 3.3591 0.0215 3.5000 
334 4 UNC-1B 3.4794 3.5094 0.0300 3.5876 3.6094 0.0218 3.7500 
4 4 UNC-1B 3.7294 3.7594 0.0300 3.8376 3.8597 0.0221 4.0000 


* British: Effective Diameter. 


TABLE 13a—Class 2B, Internal Threads—UNC, UNF, NC, NF, and 8N Series 
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DESIGNATION 


INTERNAL-THREAD LIMITS OF SIZE 


Minor diameter Pitch diameter® 
Major diameter 
Size Threads perinch Thread symbol Limits Limits 
j Tolerance Tolerance 
Min Max Min Max Min 
0 (0.060) 80 NF-2B 0.0465 0.0514 0.0049 0.0519 0.0542 0.0023 0.0600 
1 (0.073) 64 NC-2B 0.0561 0.0623 0.0062 0.0629 0.0655 0.0026 0.0730 
1 (0.073) 72 NF-2B 0.0580 0.0635 0.0055 0.0640 0.0665 0.0025 0.0730 
2 (0.086) 56 NC-2B 0.0667 0.0737 0.0070 0.0744 0.0772 0.0028 0.0860 
| 2 (0.086) 64 NF-2B 0.0691 0.0753 0.0062 0.0759 0.0786 0.0027 0.0860 
| 3 (0.099) 48 NC-2B 0.0764 0.0845 0.0081 0.0855 0.0885 0.0030 0.0990 
3 (0.099) 56 NF-2B 0.0797 0.0865 0.0068 0.0874 0.0902 0.0028 0.0990 
: 4 (0.112) 40 NC-2B 0.0849 0.0939 0.0090 0.0958 0.0991 0.6033 0.1120 
4 (0.112) 48 NF-2B 0.0894 0.0968 0.0074 0.0985 0.1016 0.0031 0.1120 
5 (0.125) 40 NC-2B 0.0979 0.1062 0.0083 0.1088 0.1121 0.0033 0.1250 
5 (0.125) 44 NF-2B 0.1004 0.1079 0.0075 0.1102 0.1134 0.0032 0.1250 
| 6 (0.138) 32 NC-2B 0.1042 0.1140 0.0098 0.1177 0.1214 0.0037 0.1380 
6 (0.138) 40 NF-2B 0.1109 0.1186 0.0077 0.1218 0.1252 0.0034 0.1380 
8 (0.164) 32 NC-2B 0.1302 0.1389 0.0087 0.1437 0.1475 0.0038 0.1640 
8 (0.164) 36 NF-2B 0.13839 0.1416 0.0077 0.1460 0.1496 0.0036 0.1640 
| , 10 (.190) 24 NC-2B 0.1449 0.1555 0.0106 0.1629 0.1672 0.0043 0.1900 
| 10 (0.190) 32 NF-2B 0.1562 0.1641 0.0079 0.1697 0.1736 0.0039 0.1900 
. 12 (0.216) 24 NC-2B 0.1709 0.1807 0.0098 0.1889 0.1933 0.0044 0.2160 
12 (0.216) 28 NF-2B 0.1773 0.1857 0.0084 0.1928 0.1970 0.0042 0.2160 
‘ yy 20 UNC-2B 0.1959 0.2067 0.0108 0.2175 0.2223 0.0048 0.2500 
| \y 28 UNF-2B 0.2113 0.2190 0.0077 0.2268 0.2311 0.0043 0.2500 
. He 18 UNC-2B 0.2524 0.2630 0.0106 0.2764 0.2817 0.0053 0.3125 
| He 24 UNF-2B 0.2674 0.2754 0.0080 0.2854 0.2902 0.0048 0.3125 
' 34 16 UNC-2B 0.3073 0.3182 0.0109 0.3344 0.3401 0.0057 0.3750 
| 36 24 UNF-2B 0.3299 0.3372 0.0073 0.3479 0.3528 0.0049 0.3750 
i 46 14 UNC-2B 0.3602 0.3717 0.0115 0.3911 0.3972 0.0061 0.4875 
| Keo 20 UNF-2B 0.3834 0.3916 0.0082 0.4050 0.4104 0.0054 0.4375 
| 
| % 1 NC-2B 0.4167 0.4284 0.0117 0.4500 0.4565 0.0065 0.5000 
| | A 12 UNC-2B 0.4098 0.4223 0.0125 0.4459 0.4525 0.0066 0.5000 
| ¥% 20 UNF-2B 0.4459 0.4537 0.0078 0.4675 0.4731 0.0056 0.5000 
%e6 12 UNC-2B 0.4723 0.4843 0.0120 0.5084 0.5152 0.0068 0.5625 
Ne 18 UNF-2B 0.5024 0.5106 0.0082 0.5264 0.5323 0.0059 0.5625 
i] : ; 
i | % 11 UNC-2B 0.5266 0.5391 0.0125 0.5660 0.5732 0.0072 0.6250 
| 56 18 UNF-2B 0.5649 0.5730 0.0081 0.5889 0.5949 0.0060 0.6250 
| 34 10 UNC-2B 0.6417 0.6545 0.0128 0.6850 0.6927 0.0077 0.7500 
4% 16 UNF-2B 0.6823 0.6908 0.0085 0.7094 0.7159 0.0065 0.7500 
K% 9 UNC-2B 0.7547 0.7681 0.0134 0.8028 0.8110 0.0082 0.8750 
% 14 UNF-2B 0.7977 0.8068 0.0091 0.8286 0.8356 0.0070 0.8750 
1 8 UNC-2B 0.8647 0.8797 0.0150 0.9188 0.9276 0.0088 1.0000 
1 a2 UNF-2B 0.9098 0.9198 0.0100 0.9459 0.9535 0.0076 1.0000 
1 14 NF-2B 0.9227 0.9315 0.0088 0.9536 0.9609 0.0073 1.0000 
1K K UNC-2B 0.9704 0.9875 0.0171 1.03822 1.0416 0.0094 1.1250 
be 1K 8 N-2B 0.9897 1.0047 0.0150 1.0488 1.0528 0.0090 1.1250 
; 1K 12 UNF-2B 1.0348 | 1.0448 0.0100 1.0709 1.0787 0.0078 1.1250 
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TABLE 13b—Class 2B, Internal Threads—UNC, UNF, NC, NF, and 8N Series 


DESIGNATION 


INTERNAL-THREAD LIMITS OF SIZE 


Minor diameter 


Pitch diameter® 


Major diameter 
Size Threads per inch Thread symbol Limits Limits 
Tolerance Tolerance 
Min Max Min Max Min 
1\% 7 UNC-2B 1.0954 1.1125 0.0171 1.1572 1.1668 0.0096 1.2500 
1% 8 N-2B 1.1147 1.1297 0.0150 1.1688 1.1780 0.0092 1.2500 
1% 12 UNF-2B 1.1598 1.1698 0.0100 1.1959 1.2039 0.0080 1.2500 
13% 6 UNC-2B 1.1946 1.2146 0.0200 1.2667 1.2771 0.0104 1.3750 
13g 8 N-2B 1.2397 1.2547 0.0150 1.2938 1.3031 0.0093 1.3750 
134 12 UNF-2B 1.2848 1.2948 0.0100 1.3209 1.3291 0.0082 1.3750 
1% 6 UNC-2B 1.3196 1.3396 0.0200 1.3917 1.4022 0.0105 1.5000 
1% 8 N-2B 1.3647 1.3797 0.0150 1.4188 1.4283 0.0095 1.5000 
14% 12 UNEF-2B 1.4098 1.4198 0.0100 1.4459 1.4542 0.0083 1.5000 
154 8 N-2B 1.4897 1.5047 0.0150 1.5438 1.55385 0.0097 1.6250 
134 5 UNC-2B 1.5335 1.5575 0.0240 1.6201 1.6317 0.0116 1.7500 
134 8 N-2B 1.6147 1.6297 0.0150 1.6688 1.6786 0.0098 1.7500 
1% 8 N-2B 1.7397 1.7547 0.0150 1.7938 1.8038 0.0100 1.8750 
2 44 UNC-2B 1.7594 1.7861 0.0267 1.8557 1.8681 0.0124 2.0000 
2 8 N-2B 1.8647 1.8797 0.0150 1.9188 1.9289 0.0101 2.0000 
2% 8 N-2B 1.9897 2.0047 0.0150 2.0438 2.0540 0.0102 2.1250 
2% 46 UNC-2B 2.0094 2.0361 0.0267 2.1057 2.1183 0.0126 2.2500 
21% 8 N-2B 2.1147 2.1297 0.0150 2.1688 2.1792 0.0104 2.2500 
24% 4 UNC-2B 2.2294 2.2594 0.0300 2.3376 2.3511 0.0135 2.5000 
24 8 N-2B 2.3647 2.3797 0.0150 2.4188 2.4294 0.0106 2.5000 
234 4 UNC-2B 2.4794 2.5094 0.0300 2.5876 2.6013 0.0137 2.7500 
234 8 N-2B 2.6147 2.6297 0.0150 2.6688 2.6796 0.0108 2.7500 
3 4 UNC-2B 2.7294 2.7594 0.0300 2.8376 2.8515 0.0139 3.0000 
3 8 N-2B 2.8647 2.8797 0.0150 2.9188 2.9299 0.0111 3.0000 
34 4 UNC-2B 2.9794 3.0094 0.0300 3.0876 3.1017 0.0141 3.2500 
34 8 N-2B 3.1147 3.1297 0.0150 3.1688 3.1801 0.0113 3.2500 
34% 4 UNC-2B 3.2294 3.2594 0.0300 3.3376 3.3519 0.01438 3.5000 
3% 8 N-2B 3.3647 3.3797 0.0150 3.4188 3.4303 0.0115 3.5000 
334 4 UNC-2B 3.4794 3.5094 0.0300 3.5876 3.6021 0.0145 3.7500 
334 8 N-2B 3.6147 3.6297 0.0150 3.6688 3.6805 0.0117 3.7500 
4 4 UNC-2B 3.7294 3.7594 0.0300 3.8376 3.8523 0.0147 4.0000 
4 8 N-2B 3.8647 3.8797 0.0150 3.9188 3.9307 0.0119 4.0000 
44 8 N-2B 4.1147 4.1297 0.0150 4.1688 4.1809 0.0121 4.2500 
414 8 N-2B 4.3647 4.3797 0.0150 4.4188 4.4310 0.0122 4.5000 
434 8 N-2B 4.6147 4.6297 0.0150 4.6688 4.6812 0.0124 4.7500 
5 8 N-2B 4.8647 4.8797 0.0150 4.9188 4.9314 0.0126 5.0000 
54 8 N-2B 5.1147 5.1297 0.0150 5.1688 5.1815 0.0127 5.2500 
514 8 N-2B 5.3647 5.3797 0.0150 5.4188 5.4317 0.0129 5.5000 
534 8 N-2B 5.6147 5.6297 0.0150 5.6688 5.6818 0.0130 5.7500 
6 8 N-2B 5.8647 5.8797 0.0150 5.9188 5.9320 0.0132 6.0000 


® British: Effective Diameter. 
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SCREW THREADS 293 
TABLE 14—Class 3B, Internal Threads—UNC, UNF, NC, and NF Series 
INTERNAL-THREAD LIMITS OF SIZE 
Minor diameter Pitch diameter* Major 
Thread symbol Limits Teams diameter 
Tolerance Tolerance 
Min Max Min Max Min 
UNC-3B 0.1959 0.2067 0.0108 0.2175 0.2211 0.0036 0.2500 
UNF-3B 0.2113 0.2190 0.0077 0.2268 0.2300 0.0032 0.2500 
UNC-3B 0.2524 0.2630 0.0106 0.2764 0.2803 0.0039 0.3125 
UNF-3B 0.2674 0.2754 0.0080 0.2854 0.2890 0.0036 0.3125 
UNC-3B 0.3073 0.3182 0.0109 0.3344 0.3387 0.0043 0.3750 
UNF-3B 0.3299 0.3372 | 0.0073 0.3479 0.3516 0.0037 © 0.3750 
UNC-3B 0.3602 0.3717 0.0115 0.3911 0.3957 0.0046 0.4375 
UNF-3B 0.3834 0.3916 0.0082 0.4050 0.4091 0.0041 0.4375 
NC-3B 0.4167 0.4284 0.0117 0.4500 0.4548 0.0048 0.5000 
UNC-3B 0.4098 0.4223 0.0125 0.4459 0.4509 0.0050 0.5000 
UNF-3B 0.4459 0.4537 0.0078 0.4675 0.4717 0.0042 0.5000 
UNC-3B 0.4723 0.4843 0.0120 0.5084 0.5135 0.0051 0.5625 
UNF-3B 0.5024 0.5106 0.0082 0.5264 0.5308 0.0044 0.5625 
UNC-3B 0.5266 0.5391 0.0125 0.5660 0.5714 0.0054 0.6250 
UNF-3B 0.5649 0.5730 0.0081 0.5889 0.5934 0.0045 0.6250 
UNC-3B 0.6417 0.6545 0.0128 0.6850 0.6907 0.0057 0.7500 
UNF-3B 0.6823 0.6908 0.0085 0.7094 0.7143 0.0049 0.7500 
UNC-3B 0.7547 0.7681 0.0134 0.8028 0.8089 0.0061 0.8750 
UNF-3B 0.7977 0.8068 0.0091 0.8286 0.8339 0.0053 0.8750 
UNC-3B 0.8647 0.8797 0.0150 0.9188 0.9254 0.0066 1.0000 
UNF-3B 0.9098 0.9198 0.0100 0.9459 0.9516 0.0057 1.0000 
NF-3B 0.9227 0.9315 0.0088 0.9536 0.9590 0.0054 1.0000 
UNC-3B 0.9704 0.9875 0.0171 1.0322 1.0393 0.0071 1.1250 
UNF-3B 1.0348 1.0448 0.0100 1.0709 1.0768 0.0059 1.1250 
UNC-3B 1.0954 1.1125 0.0171 1.1572 1.1644 0.0072 1.2500 
UNF-3B 1.1598 1.1698 0.0100 1.1959 1.2019 0.0060 1.2500 
UNC-3B 1.1946 1.2146 0.0200 1.2667 1.2745 0.0078 1.3750 
UNF-3B 1.2848 1.2948 0.0100 1.3209 1 3270 0.0061 1.3750 
UNC-3B 1.3196 1.3396 0.0200 1.3917 1.3996 0.0079 1.5000 
UNF-3B~ 1.4098 1.4198 0.0100 1.4459 1.4522 0.0063 1.5000 
UNC-3B 1.5335 1.5575 0.0240 1.6201 1.6288 0.0087 1.7500 
UNC-3B 1.7594 1.7861 0.0267 1.8557 1.8650 0.0093 2.0000 
UNC-3B 2.0094 2.0361 0.0267 2.1057 2.1152 0.0095 2.2500 
UNC-3B 2.2294 2.2594 0.03800 2.3376 2.3477 0.0101 2.5000 
UNC-3B 2.4794 2.5094 0.0300 2.5876 2.5979 0.0103 2.7500 
UNC-3B 2.7294 2.7594 | 0.0300 2.8376 2.8480 0.0104 3.0000 
UNC-3B 2.9794 3.0094 0.0300 3.0876 3.0982 0.0106 3.2500 
UNC-3B 3.2294 3.2594 0.0300 3.3376 3.3484 0.0108 3.5000 
UNC-3B 3.4794 3.5094 0.0300 3.5876 3.5985 0.0109 3.7500 
UNC-3B 3.7294 3.7594 0.0300 3.8376 3.8487 0.0111 4.0000 


_ * British: Effective Diameter. 


294 SCREW THREADS 
TABLE 15a—Class 2, External and Internal Threads—NC, NF, and 8N Series 
DESIGNATION LIMITS OF SIZE 
External threads Internal threads 
Size aaa Thread symbol Major diameter Pitch diameter Minor Minor diameter Pitch diameter Beni 
: : ae = diameter* : a 
Max Min Min° Max Min Min Max Min Max Min 

0 (0.060) 80 NF-2 0.0600 | 0.0566 — 0.0519 | 0.0502 | 0.0447 | 0.0465 | 0.0514 | 0.0519 | 0.0536 | 0.0600 
1 (0.073) 64 NC-2 0.0730 | 0.0692 | 0.0678 | 0.0629 | 0.0610 | 0.0538 | 0.0561 | 0.0623 | 0.0629 | 0.0648 | 0.0730 
1 (0.073) 72 NF-2 0.0730 | 0.0694 —_ 0.0640 | 0.0622 | 0.0560 | 0.0580 | 0.0634 | 0.0640 | 0.0658 | 0.0730 
2 (0.086) 56 NC-2 0.0860 | 0.0820 | 0.0804 | 0.0744 | 0.0724 | 0.0641 | 0.0667 | 0.0737 | 0.0744 | 0.0764 | 0.0860 
2 (0.086) 64 NF-2 0.0860 | 0.0822 — 0.0759 | 0.0740 | 0.0668 | 0.0691 | 0.0746 | 0.0759 | 0.0778 | 0.0860 
3 (0.099) 48 NC-2 0.0990 | 0.0946 | 0.0928 | 0.0855 | 0.0833 | 0.0734 | 0.0764 | 0.0841 | 0.0855 | 0.0877 | 0.0990 
3 (0.099) 56 NF-2 0.0990 | 0.0950 — 0.0874 | 0.0854 | 0.0771 | 0.0797 | 0.0856 | 0.0874 | 0.0894 | 0.0990 
4 (0.112) 40 NC-2 0.1120 |} 0.1072 | 0.1052 | 0.0958 | 0.0934 | 0.0813 | 0.0849 | 0.09388 | 0.0958 | 0.0982 | 0.1120 
4 (0.112) 48 NF-2 0.1120 | 0.1076 — 0.0935 | 0.0963 | 0.0864 | 0.0894 | 0.0960 | 0.0985 | 0.1007 | 0.1120 
5 (0.125) 40 NC-2 0.1250 | 0.1202 | 0.1182 | 0.1088 | 0.1064 | 0.0943 | 0.0979 | 0.1062 | 0.1088 | 0.1112 | 0.1250 
5 (0.125) 44 NF-2 0.1250 | 0.1204 —_— 0.1102 | 0.1079 | ).0971 | 0.1004-}.0.1068 | 0.1102 | 0.1125 | 0.1250 
6 (0.138) B2 NC-2 0.1880 | 0.13826 |-0.1304 | 0.1177 0.1150. 0.0997 | 0.1042 | 0.1145 | 0.1177 | 0.1204 | 0.1380 
6 (0.138) 40 NE-2 0.1380 | 0.1332 — 0.1218 | 0.1194 | 0.1073 | 0.1109 |} 0.1179 | 0.1218 | 0.1242 | 0.1380 
8 (0.164) 32 NC-2 + 0.1640 | 0.1586 | 0.1564 | 0.1487 | 0.1410 | 0.1257 | 0.1302 | 0.1384 | 0.1437 | 0.1464 | 0.1640 
8 (0.164) 36 NF-2 0.1640 } 0.1590 — 0.1460 | 0.1435 | 0.1299 | 0.1339 | 0.1402 | 0.1460 | 0.1485 | 0.1640 
10 (0.190) 24 NC-2 0.1900 | 0.1834 | 0.1808 | 0.1629 | 0.1596 | 0.1389 | 0.1449 | 0.1559 | 0.1629 | 0.1662 | 0.1900 
10 (0.190) 32 NF-2 0.1900 | 0.1846 a= 0.1697 | 0.1670 | 0.1517 | 0.1562 | 0.1624 | 0.1697 | 0.1724 | 0.1900 
12 (0.216) 24 NC-2 0.2160 | 0.2094 | 0.2068 | 0.1889 | 0.1856 | 0.1649 | 0.1709 | 0.1801 | 0.1889 | 0.1922 | 0.2160 
12 (0.216) 28 NF-2 0.2160 | 0.2098 — 0.1928 | 0.1897 | 0.1722 | 0.1773 | 0.1835 | 0.1928 | 0.1959 | 0.2160 
yy 20 NC-2 0.2500 | 0.2428 | 0.2398 | 0.2175 | 0.2139 | 0.1887 | 0.1959 | 0.2060 | 0.2175 | 0.2211 | 0.2500 
A 28 NF-2 0.2500 | 0.2438 = 0.2268 | 0.2237 | 0.2062 | 0.2113 | 0.2173 | 0.2268 | 0.2299 | 0.2500 
Ho 18 NC-2 0.3125 | 0.3043 | 0.3011 | 0.2764 | 0.2723 | 0.2443 | 0.2524 | 0.2630 | 0.2764 | 0.2805 | 0.3125 
46 24 NF-2 0.3125 | 0.38059 — 0.2854 | 0.2821 | 0.2614 | 0.2674 | 0.2739 | 0.2854 | 0.2887 | 0.3125 
3% 16 NC-2 0.3750 | 0.3660 | 0.3624 | 0.3344 | 0.3299 | 0.29838 | 0.3073 | 0.3184 | 0.3344 | 0.3389 | 0.3750 
3% 24 NF-2 0.3750 | 0.3684 = 0.3479 | 0.3446 | 0.3239 | 0.3299 | 0.3364 | 0.3479 | 0.3512 | 0.3750 
46 14 NC-2 0.4375 | 0.4277 | 0.4235 | 0.3911 | 0.3862 | 0.3499 | 0.3602 | 0.3721 | 0.3911 | 0.3960 | 0.4375 
46 20 NF-2 0.43875 | 0.4303 — 0.4050 | 0.4014 | 0.3762 | 0.3834 | 0.3906 | 0.4050 | 0.4086 | 0.4375 
mA 13 NC-2 0.5000 | 0.4896 | 0.4852 | 0.4500 | 0.4448 | 0.4056 | 0.4167 | 0.4290 | 0.4500 | 0.4552 | 0.5000 
4% 20 NF-2 0.5000 | 0.4928 = 0.4675 | 0.4639 | 0.4887 | 0.4459 | 0.4531 | 0.4675 | 0.4711 | 0.5000 
%6 12 NC-2 0.5625 | 0.5513 | 0.5467 | 0.5084 | 0.5028 | 0.4603 | 0.4723 | 0.4850 | 0.5084 | 0.5140 | 0.5625 
6 18 NF-2 0.5625 | 0.5548 == 0.5264 | 0.5223 | 0.4948 | 0.5024 | 0.5100 | 0.5264 | 0.5305 | 0.5625 
56 1uk NC-2 0.6250 | 0.6132 | 0.6080 | 0.5660 | 0.5601 | 0.5135 | 0.5266 | 0.5397 | 0.5660 | 0.5719 | 0.6250 
5% 18 NF-2 0.6250 | 0.6168 —— 0.5889 | 0.5848 | 0.5568 | 0.5649 | 0.5725 | 0.5889 | 0.5930 | 0.6250 
34 10 NC-2 0.7500 | 0.7372 | 0.7316 | 0.6850 } 0.6786 | 0.6273 | 0.6417 | 0.6553 | 0.6850 | 0.6914 | 0.7500 
34 16 NF-2 0.7500 | 0.7410 Se 0.7094 | 0.7049 | 0.6733 | 0.6823 | 0.6903 | 0.7094 | 0.7139 | 0.7500 
4g 9 NC-2 0.8750 | 0.8610 | 0.8550 | 0.8028 | 0.7958 | 0.7387 | 0.7547 | 0.7689 | 0.8028 | 0.8098 | 0.8750 
% 14 NF-2 0.8750 | 0.8652 ca 0.8286 | 0.8237 | 0.7874 | 0.7977 | 0.8062 | 0.8286 | 0.8335 | 0.8750 
1 8 NC-2 1.0000 | 0.9848 | 0.9778 | 0.9188 | 0.9112 | 0.8466 | 0.8647 | 0.8795 | 0.9188 | 0.9264 | 1.0000 
1 14 NF-2 1.0000 | 0.9902 = 0.9536 | 0.9487 | 0.9124 | 0.9227 | 0.9312 | 0.9536 | 0.9585 1.0000 
1K ii NC-2 1.1250 | 1.1080 | 1.1002 | 1.0322 | 1.0237 | 0.9497 | 0.9704 | 0.9858 | 1.0322 | 1.0407 | 1.1250 
1K 8 N-2 1.1250 | 1.1098 | 1.1028 | 1.0438 | 1.0359 | 0.9716 | 0.9897 | 1.0045 | 1.0438 | 1.0517 | 1.1250 
1k 12 NF-2 1.1250 | 1.1188 SS 1.0709 | 1.0653 | 1.0228 | 1.0348 | 1.0488 | 1.0709 | 1.0765 | 1.1250 

® See Fig. 1. 


b Por semi-finished and finished screws and bolts, threaded portion only. 
© For unfinished hot-rolled material, threaded portion only. 


SCREW THREADS 295 


| TABLE 15b—Class 2, External and Internal Threads—NC, NF, and 8N Series 


| DESIGNATION LIMITS OF SIZE 

| . External threads : Internal threads 

| Size ere Thread symbol Major diameter Pitch diameter Minor Minor diameter Pitch diameter gee 

diameter* 

Max Min? Min° Max Min Min Max Min Max Min 

| 144 7 NC-2 1.2500 | 1.2330 | 1.2252 | 1.1572 | 1.1487 | 1.0747 | 1.0954 | 1.1108 | 1.1572 | 1.1657 | 1.2500 

| 1% 8 N-2 1.2500 | 1.2848 | 1.2278 | 1.1688 | 1.1605 | 1.0966 | 1.1147 | 1.1295 | 1.1688 | 1.1771 | 1.2500 
14 12 NF-2 1.2500 | 1.2388 = 1.1959 | 1.1903 | 1.1478 | 1.1598 | 1.1688 | 1.1959 | 1.2015 | 1.2500 

| 13¢ 6 NC-2 1.3750 | 1.3548 | 1.3460 | 1.2667 | 1.2566 | 1.1705 | 1.1946 | 1.2126 | 1.2667 | 1.2768 | 1.3750 
134 8 N-2 1.3750 | 1.3598 | 1.3528 | 1.2938 | 1.2852 | 1.2216 | 1.2397 | 1.2545 | 1.2938 | 1.3024 | 1.3750 
134 12 NF-2 1.3750 | 1.3638 = 1.3209 | 1.3153 | 1.2728 | 1.2848 | 1.2938 | 1.3209 | 1.3265 | 1.3750 

ie 14% 6 NC-2 1.5000 | 1.4798 | 1.4710 | 1.3917 | 1.3816 | 1.2955 | 1.3196 | 1.3876 | 1.3917 | 1.4018 | 1.5000 
14% 8 N-2 1.5000 | 1.4848 | 1.4778 | 1.4188 | 1.4098 | 1.3466 | 1.3647 | 1.3795 | 1.4188 | 1.4278 | 1.;5000 
1g 12 NF-2 1.5000 | 1.4888 = 1.4459 | 1.4403 | 1.3978 | 1.4098 | 1.4188 | 1.4459 | 1.4515 | 1.5000 
15 8 N-2 1.6250 | 1.6098 | 1.6028 | 1.5438 | 1.5345 | 1.4716 | 1.4897 | 1.5045 | 1.5488 | 1.5531 | 1.6250 
134 5 NC-2 1.7500 | 1.7268 | 1.7162 | 1.6201 | 1.6085 | 1.5046 | 1.5335 | 1.5551 | 1.6201 | 1.6317 | 1.7500 
13% 8 N-2 1.7500 | 1.7348 | 1.7278 | 1.6688 | 1.6591 | 1.5966 | 1.6147 | 1.6295 | 1.6688 | 1.6785 | 1.7500 
1% 8 N-2 1.8750 | 1.8598 | 1.8528 | 1.7938 | 1.7838 | 1.7216 | 1.7397 | 1.7545 | 1.7938 | 1.8088 | 1.8750 
2 41g NC-2 2.0000 | 1.9746 | 1.9632 | 1.8557 | 1.8480 | 1.7274 | 1.7594 | 1.7835 | 1.8557 | 1.8684 | 2.0000 

{ 2 8 N-2 2.0000 | 1.9848 | 1.9778 | 1.9188 | 1.9084 | 1.8466 | 1.8647 | 1.8795 | 1.9188 | 1.9292 | 2.0000 
24 8 N-2 2.1250 | 2.1098 | 2.1028 | 2.0488 | 2.0331 | 1.9716 | 1.9897 | 2.0045 | 2.0488 | 2.0545 | 2.1250 
24% 416 NC-2 2.2500 | 2.2246 | 2.2132 | 2.1057 | 2.0930 | 1.9774 | 2.0094 | 2.0335 | 2.1057 | 2.1184 | 2.2500 
24% 8 N-2 2.2500 | 2.2348 | 2.2278 | 2.1688 | 2.1578 | 2.0966 | 2.1147 | 2.1295 | 2.1688 | 2.1798 | 2.2500 
: 244 4 NC-2 2.5000 | 2.4720 | 2.4592 | 2.3376 | 2.3236 | 2.1983 | 2.2204 | 2.2564 | 2.3376 | 2.3516 | 2.5000 

24% 8 N-2 2.5000 | 2.4848 | 2.4778 | 2.4188 | 2.4071 | 2.3466 | 2.3647 | 2.3795 | 2.4188 | 2.4305 | 2.5000 
234 4 NC-2 2.7500 | 2.7220 | 2.7092 | 2.5876 | 2.5736 | 2.4483 | 2.4794 | 2.5064 | 2.5876 | 2.6016 | 2.7500 
234 8 N-2 2.7500 | 2.7348 | 2.7278 | 2.6688 | 2.6564 | 2.5966 | 2.6147 | 2.6295 | 2.6688 | 2.6812 | 2.7500 
3 4 NC-2 3.0000 | 2.9720 | 2.9592 | 2.8376 | 2.8236 | 2.6933 | 2.7294 | 2.7564 | 2.8376 | 2.8516 | 3.0000 
3 8 N-2 3.0000 | 2.9848 | 2.9778 | 2.9188 | 2.9058 | 2.8466 | 2.8647 | 2.8795 | 2.9188 | 2.9318 | 3.0000 
314 4 NC-2 3.2500 | 3.2220 | 3.2092 | 3.0876 | 3.0736 | 2.9483 | 2.9794 | 3.0064 | 3.0876 | 3.1016 | 3.2500 
314 8 N-2 3.2500 | 3.2348 | 3.2278 | 3.1688 | 3.1556 | 3.0966 | 3.1147 | 3.1295 | 3.1688 | 3.1820 | 3.2500 
34 4 NC-2 3.5000 | 3.4720 | 3.4592 | 3.3376 | 3.3236 | 3.1933 | 3.2294 | 3.2564 | 3.3376 | 3.3516 | 3.5000 
344 8 N-2 3.5000 | 3.4848 | 3.4778 | 3.4188 | 3.4055 | 3.3466 | 3.3647 | 3.3795 | 3.4188 | 3.4321 | 3.5000 
334 4 NC-2 3.7500 | 3.7220 | 3.7092 | 3.5876 | 3.5736 | 3.4433 | 3.4794 | 3.5064 | 3.5876 | 3.6016 | 3.7500 

\ 334 8 N-2 3.7500 | 3.7348 | 3.7278 | 3.6688 | 3.6554 | 3.5966 | 3.6147 | 3.6295 | 3.6688 | 3.6822 | 3.7500 
4 4 » NC-2 4.0000 | 3.9720 | 3.9592 | 3.8376 | 3.8236 | 3.6933 | 3.7294 | 3.7564 | 3.8376 | 3.8516 | 4.0000 
4 ‘ 8 N-2 4.0000 | 3.9848 | 3.9778 | 3.9188 | 3.9053 | 3.8466 | 3.8647 | 3.8795 | 3.9188 | 3.9323 | 4.0000 
4M, 8 N-2 4.2500 | 4.2348 | 4.2278 | 4.1688 | 4.1551 | 4.0966 | 4.1147 | 4.1295 | 4.1688 | 4.1825 | 4.2500 
Ale 8 N-2. 4.5000 | 4.4848 | 4.4778 | 4.4188 | 4.4050 | 4.3466 | 4.3647 | 4.3795 | 4.4188 | 4.4326 | 4.5000 
434 8 N-2 4.7500 | 4.7348 | 4.7278 | 4.6688 | 4.6549 | 4.5966 | 4.6147 | 4.6295 | 4.6688 | 4.6827 | 4.7500 
5 8 N-2 5.0000 | 4.9848 | 4.9778 | 4.9188 | 4.9048 | 4.8466 | 4.8647 | 4.8795 | 4.9188 | 4.9328 | 5.0000 
54 8 N-2 5.2500 | 5.2348 | 5.2278 | 5.1688 | 5.1547 | 5.0966 | 5.1147 | 5.1295 | 5.1688 | 5.1829 | 5.2500 
544 8 N-2 5.5000 | 5.4848 | 5.4778 | 5.4188 | 5.4046 | 5.3466 | 5.3647 | 5.3795 | 5.4188 | 5.4830 | 5.5000 
534 8 N-2 5.7500 | 5.7348 | 5.7278 | 5.6688 | 5.6545 | 5.5966 | 5.6147 | 5.6295 | 5.6688 | 5.6831 | 5.7500 
6 8 N-2 6.0000 | 5.9848 | 5.9778 | 5.9188 | 5.9044 | 5.8466 | 5.8647 | 5.8795 | 5.9188 | 5.9332 | 6.0000 

* See Fig. 1. 


b Por semi-finished and finished screws and bolts, threaded portion only. 
© For unfinished hot-rolled material, threaded portion only. 


296 SCREW THREADS 
TABLE 16a—Class 3, External and Internal Threads—NC, NF, and 8N Series 
DESIGNATION LIMITS OF SIZE 
External threads Internal threads 
Size Sea ees Major diameter Pitch diameter Minos Minor diameter Pitch diameter alain’ 
diameter® 
Max Min Max Min Min Max Min Max Min 
0 (0.060) 80 NF-3 0.0600 0.0566 0.0519 0.0506 0.0447 0.0465 0.0514 0.0519 0.0532 0.0600 
1 (0.078) 64 NC-3 0.0730 0.0692 0.0629 0.0615 0.0538 0.0561 0.0623 0.0629 0.0643 0.0730 
1 (0.073) 72 NF-3 0.0730 0.0694 0.0640 0.0627 0.0560 0.0580 0.0634 0.0640 0.0653 0.0730 
2 (0.086) 56 NC-3 0.0860 0.0820 0.0744 0.0729 0.0641 0.0667 0.0737 0.0744 0.0759 0.0860 
2 (0.086) 64 NF-3 0.0860 0.0822 0.0759 0.0745 0.0668 0.0691 0.0746 0.0759 0.0773 0.0860 
3 (0.099) 48 NC-3 0.0990 0.0946 0.0855 0.9839 0.0734 0.0764 0.0841 0.0855 0.0871 0.0990 
3 (0.099) 56 NF-3 0.0990 0.0950 0.0874 0.0859 0.0771 0.0797 0.0856 0.0874 0.0889 0.0990 
4 (0.112) 40 NC-3 0.1120 0.1072 0.0958 0.0941 0.0813 0.0849 0.09388 0.0958 0.0975 0.1120 
4 (0.112) 48 NF-3 0.1120 0.1076 0.0985 0.0969 0.0864 0.0894 0.0960 0.0985 0.1001 0.1120 
5 (0.125) 40 NC-3 0.1250 0.1202 0.1088 0.1071 0.0943 0.0979 0. 1062 0.1088 0.1105 0.1250 
5 (0.125) 44 NF-3 0.1250 0.1204 0.1102 0.1086 0.0971 A 0.1004 0.1068 0.1102 0.1118 0.1250 
6 (0.188) 32 NC-3 0.1380 0.1326 0.1177 0.1158 0.0997 0.1042 0.1145 0.1177 0.1196 0.1380 
6 (0.188) 40 NF-3 0.1380 0.1332 0.1218 0.1201 0.1073 0.1109 0.1179 0.1218 0.1235 0.1380 
8 (0.164) 32 NC-3 0.1640 0.1586 0.1487 0.1418 0.1257 0.1302 0.1384 0.1487 0.1456 0.1640 
8 (0.164) 36 NF-3 0.1640 0.1590 0.1460 0.1442 0.1299 0.13839 0.1402 0.1460 0.1478 0.1640 
10 (0.190) 24 NC-3 0.1900 0.1834 0.1629 0.1605 0.1389 0.1449 0.1559 0.1629 0.1653 0.1900 
10 (0.190) 32 NF-3 0.1900 0.1846 0.1697 0.1678 0.1517 0.1562 0.1624 0.1697 0.1716 0.1900 
12 (0.216) 24 NC-3 0.2160 0.2094 0.1889 0.1865 0.1649 0.1709 0.1801 0.1889 0.1913 0.2160 
12 (0.216) 28 NF-3 0.2160 0.2098 0.1928 0.1906 0.1722 0.1773 0.1835 0.1928 0.1950 0.2160 
y% 20 NC-3 0.2500 0.2428 0.2175 0.2149 0.1887 0.1959 0.2060 0.2175 0.2201 0.2500 
Yy 28 NF-3 0.2500 0.24388 0.2268 0.2246 0.2062 0.2113 0.2173 0.2268 0.2290 0.2500 
546 18 NC-3 0.3125 0.3048 0.2764 0.2734 0.2443 0.2524 0.2630 0.2764 0.2794 0.3125 
46 24 NF-3 0.3125 0.3059 0.2854 0.2830 0.2614 0.2674 0.2739 0.2854 0.2878 0.3125 
3¢ 16 NC-3 0.3750 0.3660 0.3344 0.3312 0.2983 0.3073 0.3184 0.3344 0.3376 0.3750 
3% 24 NF-3 0.3750 0.3684 0.3479 0.3455 0.3239 0.3299 0.3364 0.3479 0.3503 0.3750 
6 14 NC-3 0.4375 0.4277 0.3911 0.3875 0.3499 0.3602 0.3721 0.3911 0.3947 0.4875 
146 20 NF-3 0.4875 0.4303 0.4050 0.4024 0.3762 0.3834 0.3906 0.4050 0.4076 0.4375 
4 13 NC-3 0.5000 0.4896 0.4500 0.4463 0.4056 0.4167 0.4290 0.4500 0.4537 0.5000 
% 20 NF-3 0.5000 0.4928 0.4675 0.4649 0.4387 0.4459 0.4531 0.4675 0.4701 0.5000 
%e6 12 NC-3 0.5625 0.5513 0.5084 0.5044 0.4603 0.4723 0.4850 0.5084 0.5124 0.5625 
946 18 NF-3 0.5625 0.5543 0.5264 0.5234 0.4943 0.5024 0.5100 0.5264 0.5294 0.5625 
56 11 NC-3 0.6250 0.6132 0.5660 0.5618 0.5135 0.5266 0.5397 0.5660 0.5702 0.6250 
54 18 NF-3 0.6250 0.6168 0.5889 0.5859 0.5568 0.5649 0.5725 0.5889 0.5919 0.6250 
34 10 NC-3 0.7500 0.7372 0.6850 0.6805 0.6273 0.6417 0.6553 0.6850 0.6895 0.7500 
34 16 NF-3 0.7500 0.7410 0.7094 0.7062 0.6733 0.6823 0.6903 0.7094 0.7126 0.7500 
% 9 NC-3 0.8750 0.8610 0.8028 0.7979 0.7387 0.7547 0.7689 0.8028 0.8077 0.8750 
% 14 NI-3 0.8750 0.8652 0.8286 0.8250 0.7874 0.7977 0.8062 0.8286 0.8322 0.8750 
1 8 NC-3 1.0000 0.9848 |. 0.9188 0.9134 0.8466 0.8647 0.8795 0.9188 0.9242 1.0000 
1 14 NF-3 1.0000 0.9902 0.9536 0.9500 0.9124 0.9227 0.9312 0.9536 0.9572 1.0000 
1% if NC-3 1.1250 1.1080 1.03822 1.0263 0.9497 0.9704 0.9858 1.0322 1.0381 1.1250 
1% 8 N-3 1.1250 1.1098 1.0438 1.0383 0.9716 0.9897 1.0045 1.0438 1.0493 1.1250 
1% 12 NF-3 1.1250 1.11388 1.0709 1.0669 1.0228 1.0348 1.0488 1.0709 1.0749 1.1250 
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TABLE 16b—Class 3, External and Internal Threads—NC, NF, and 8N Series 
DESIGNATION LIMITS OF SIZE 
External threads Internal threads 
Size Guia oe Major diameter Pitch diameter Minor Minor diameter Pitch diameter Poe t 
diameter* 
Max Min Max Min Min Max Min Max Min 
1% 7 NC-3 1.2500 1.2330 1.1572 1.1513 1.0747 1.0954 1.1108 1.1572 1.1631 1.2500 
14% 8 N-3 1.2500 1.2348 1.1688 1.1630 1.0966 1.1147 1.1295 1.1688 1.1746 1.2500 
1% 12 NF-3 . 2500 1.2388 1.1959 1.1919 1.1478 1.1598 1.1688 1.1959 1.1999 1.2500 
13g 6 NC-3 1.3750 1.3548 1.2667 1.2596 1.1705 1.1946 1.2126 1.2667 1.2738 1.3750 
13¢ 8 N-3 .3750 1.3598 1.2938 1.2877 1.2216 1.2397 1.2545 1.2938 1.2999 1.3750 
13g 12 NF-3 1.3750 1.3638 1.3209 1.3169 1.2728 1.2848 1.2938 1.3209 1.3249 1.3750 
14 6 NC-3 1.5000 1.4798 1.3917 1.3846 1.2955 1.3196 1.3376 1.3917 1.3988 1.5000 
144 8 N-3 1.5000 1.4848 1.4188 1.4125 1.3466 1.3647 1.3795 1.4188 1.4251 1.5000 
1% 12 NF-3 1.5000 1.4888 1.4459 1.4419 1.3978 1.4098 1.4188 1.4459 1.4499 1.5000 
15¢ 8 N-3 1.6250 1.6098 1.5438 1.5373 1.4716 1.4897 1.5045 1.5438 1.5503 1.6250 
134 5 NC-3 1.7500 1.7268 1.6201 1.6119 1.5046 1.5335 1.5551 1.6201 1.6283 1.7500 
134 8 N-3 1.7500 1.7348 1.6688 1.6620 1.5966 1.6147 1.6295 1.6688 1.6756 1.7500 
1% 8 N-3 1.8750 1.8598 1.7938 1.7868 1.7216 1.7397 1.7545 1.7938 1.8008 1.8750 
2 416 | NC-3 2.0000 1.9746 1.8557 1.8468 1.7274 1.7594 1.7835 1.8557 1.8646 2.0000 
2 8 N-3 2.0000 1.9848 1.9188 1.9115 1.8466 1.8647 1.8795 1.9188 1.9261 2.0000 
2144 8 N-3 2.1250 2.1098 2.0438 2.0363 1.9716 1.9897 2.0045 2.04388 2.0513 2.1250 
24% 416 | NC-3 2.2500 2.2246 2.1057 2.0968 1.9774 2.0094 2.0335 2.1057 2.1146 2.2500 
24 8 N-3 2.2500 2.2348 2.1688 2.1611 2.0966 2.1147 2.1295 2.1688 2.1765 2.2500 
2446 4 NC-3 2.5000 2.4720 2.3376 2.3279 2.1933 2.2294 2.2564 2.3376 2.3473 2.5000 
214 8 N-3 2.5000 2.4848 2.4188 2.4106 2.3466 2.3647 2.3795 2.4188 2.4270 2.5000 
234 4 NC-3 2.7500 2.7220 2.5876 2.5779 2.4433 2.4794 2.5064 2.5876 2.5973 2.7500 
234 8 N-3 2.7500 2.7348 2.6688 2.6601 2.5966 2.6147 2.6295 2.6688 2.6775 2.7500 
3 4 NC-3 3.0000 2.9720 2.8376 2.8279 2.6933 2.7294 2.7564 2.8376 2.8473 3.0000 
3 8 N-3 3.0000 2.9848 2.9188 2.9096 2.8466 2.8647 2.8795 2.9188 2.9280 3.0000 
34 4 NC-3 3.2500 3.2220 3.0876 3.0779 2.9433 2.9794 3.0064 3.0876 3.0973 3.2500 
34 8 N-3 3.2500 3.2348 3.1688 3.1595 3.0966 3.1147 3.1295 3.1688 3.1781 3.2500 
314 4 NC-3 3.5000 3.4720 3.3376 3.3279 3.19383 3.2294 3.2564 3.3376 3.3473 3.5000 
3% 8 N-3 3.5000 3.4848 3.4188 3.4095 3.3466 3.3647 3.3795 3.4188 3.4281 3.5000 
334 4 NC-3 3.7500 3.7220 3.5876 3.5779 3.4433 3.4794 3.5064 3.5876 3.5973 3.7500 
334 8 N-3 3.7500 3.7348 3.6688 3.6594 3.5966 3.6147 3.6295 3.6688 3.6782 3.7500 
4 4 NC-3 4.0000 3.9720 3.8376 3.8279 3.6933 3.7294 | 3.7564 3.8376 3.8473 3.0000 
4 8 N-3 4.0000 3.9848 3.9188 3.9093 3.8466 3.8647 3.8795 3.9188 3.9283 4.0000 
4M 8 N-3 4.2500 4.2348 4.1688 4.1592 4.0966 4.1147 4.1295 4.1688 4.1784 4.2500 
Abe 8 N-3 4.5000 | 4.4848 4.4188 4.4091 4.3466 4.3647 4.3795 4.4188 4.4285 4.5000 
434 8 N-3 4.7500 4.7348 4.6688 4.6590 4.5966 4.6147 4.6295 4.6688 4.6786 4.7500 
5 8 N-3 5.0000 4.9848 4.9188 4.9089 4.8466 4.8647 4.8795 4.9188 4.9287 5.0000 
54% 8 N-3 5.2500 5.2348 5.1688 5.1589 5.0966 5.1147 5.1295 5.1688 5.1787 5.2500 
5% 8 N-3 5.5000 5.4848 5.4188 5.4088 5.3466 5.3647 5.3795 5.4188 5.4288 5.5000 
| 534 8 N-3 5.7500 5.7348 5.6688 5.6587 5.5966 5.6147 5.6295 5.6688 5.6789 5.7500 
6 8 N-3 6.0000 5.9848 5.9188 5.9086 5.8466 5.8647 5.8795 5.9188 5.9290 6.0000 
* See Fig. 1. 
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Section 5—Special Threads 


21. The special thread specifications in this section cover non- 
standard or special combinations of diameter, pitch, and length 
of engagement in which the tolerances are derived from and are 
a function of the diameter, pitch, and length of engagement. 
(See formulas in Appendix D). 

22. This section includes tabulated thread data (see SAE 
Tables 17 to 20) for selected combinations of diameter and pitch 
with length of engagement equal to 9p, together with the limits 
of size for the NEF, 12N, and 16N thread series, some of which 
are designated as Unified Special Threads. Thread data for other 
combinations of diameter, pitch, and engagement within the 
fundamental limitations on design imposed by combining the 
extreme tolerances of pitch diameter, major diameter, and minor 
diameter are given in SAE Tables 22 to 31 and Appendix D. 

23. The third column (9 X pitch) in the following tables is 
the length of thread engagement upon which the given pitch- 
diameter limits are based. 

The pitch-diameter limits are applicable to a length of engage- 
ment of from 5 to 15 times the pitch. (This should not be con- 
fused with the lengths of thread on the mating parts, as they 
may exceed the length of engagement by a considerable amount.) 

Thread gages based on a nominal length of nine threads will, 
of course, be suited to any lesser length of engagement, and 
ordinarily to greater lengths of engagement, provided that the 
lead errors are kept correspondingly low. 

Thus, ordinarily but one set of gages will be required for any 
one size and pitch except to satisfy unusual conditions. In such 
cases, refer to thread data for other combinations of diameter, 
pitch, and engagement given in SAE Tables 22 to 31 and Appen- 
dix D. The step-table allowances and pitch-diameter tolerances 
and minor-diameter tolerances for lengths of engagement, as 
given in SAE Tables 22 to 31, require but two sets of gages to 
cover all conditions of engagement within the range shown in 
the tables. For extreme conditions of engagement, the allowance 
and tolerance should be derived from the formulas in Appendix 
E or the table notes. 

24. Form of Thread 

The basic thread form is the Unified and American Standard. 

25. For formulas for limits of size, see Appendix D. 

26. Internal-Thread Minor-Diameter Tolerances 

Tolerances for all diameters, lengths of engagement, and the 
selected pitches recommended in this section are given in SAE 
Table 31 for Classes 1B, 2B, and 3B and in SAE Table 32 for 
Classes 2 and 3. 

The principal practical factors which govern these tolerances 
are tapping difficulties, particularly tap breakage in the small 
sizes, and depth of engagement. Depth of engagement correlates 
with the stripping strength of the thread assembly and thus also 
with the length of engagement. It also correlates with the ten- 
dency toward disengagement of the threads on one side, when 
assembly is eccentric. The amount of possible eccentricity is one 
half of the sum of the pitch-diameter allowance and tolerances 
on both mating parts. For a given pitch, or height of thread, this 
sum increases with the diameter; and accordingly, this factor 
would require a decrease in minor-diameter tolerance with in- 
crease in diameter. 


27. Unified Tolerances, Classes 1B, 2B, and 3B 

The Unified tolerances given in SAE Table 31, namely those 
for lengths of engagement from 24D to 14D, are based on the 
following empirical formula, which meets the above conditions: 


Tolerance = 0.05+/p? + 0.03 p/D — 0.002 

The fundamental basis of this formula and of SAE Table 31 
is the set of minor-diameter tolerances which have been estab- 
lished for many years for the coarse- and fine-thread series on 
the basis of experience in production and use. That is, values in 
the table corresponding to standard diameters, pitches, and 
lengths of engagement from 24D to 114D are in close agreement 
with the previously used NC and NF values. 

There are, however, certain limitations applied in connection 
with the above formula at and near the extremes of the diameter 
ranges for a given pitch. For the smallest sizes at the left of the 
table, the tolerances are not greater-than 0.394p, which corres- 
ponds to a thread height of 53% of the basic thread height. For 
pitches of 12 threads per inch or coarser, at the right of the table, 
the tolerances are not less than 0.120p, which corresponds to a 
thread height of 74%. Also for pitches finer than 12 threads per 
inch, the tolerances are not less than 0.23p — 1.5p?, which cor- 
responds to a thread height of 67% for 80 threads per inch gradu- 
ating to 74% for 14 threads per inch. (It thus develops that the 
tolerance for all UNC, UNF, 8N, and 12N sizes 1 in. in diameter 
and larger is 0.120p.) 

In addition to the Unified values, tolerances are given for 
lengths of engagement less than 44D. These are 14 of the formula 
values. Also tolerances are given for lengths of engagement from 
YD to 24D which are 34 of the Unified tolerances and for lengths 
of engagement over 14D which are 114 times these. 

SAE Table 31 thus provides a specific internal minor-diameter 
tolerance for any given choice of diameter, pitch, and length of 
engagement, which is expected to fulfill all requirements of good 
design. The minor-diameter tolerances for all standard series 
in Classes 1B, 2B, and 3B are in agreement with this table for 
the lengths of engagement from 2D to 1144D. 

28. Tolerances for Classes 2 and 3 

The fundamental basis of SAE Table 32 is the present set of 
minor-diameter tolerances established for the American coarse- 
and fine-thread series on the basis of experience in production. 
That is, values in the table corresponding to standard diameters 
and pitches and lengths of engagement from 24D to 14D are 
in close agreement with the Classes 2 and 3 NC and NF values, 
with slight deviations in some cases to conform with formulas 
used. These formulas subdivide the tolerance-diameter relation- 
ship into four zones, with a particular proportion of tolerance 
to diameter applicable in each zone, and apply to lengths of 
engagement from 24D to 114D. Tolerances for lengths of en- 
gagement less than 14D are 4 of these, for 4D to %D are 
34 of these, and for over 1144D are 114 times these. However, 
where the resulting tolerance would make the height of thread 
less than 53% of the basic thread height, the values are adjusted 
to produce the 538% height of thread. In the fourth zone, cor- 
responding to the larger diameters at the right of the table, 
tolerances for lengths of engagement from 24D to 14D are 
adjusted to equality with Class 2 pitch-diameter tolerances and 
for lengths greater than 114D to equality with Class 1 pitch- 
diameter tolerances. 
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| 
ia 
| TABLE 17a—Class 2A, Selected Combinations of Special Diameter and Pitth—UN, N, NEF, and NS 
| DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE 
1 : 
Major diameter Pitch diameter? 
; Le, 9 X PITCH : 
| - Size Papen Thread symbol Allowance Limits Limits sume 
Tolerance Tolerance 
Max4 Min Max@ Min 
LO (0.190) 28 NS-2A 0.3214 0.0010 0.1890 0.1825 0.0065 0.1658 0.1625 0.0083 0. 1452 
|| 10 (0.190) 36 NS-2A 0.2500 0.0009 0.1891 0.1836 0.0055 0.1711 0.1681 0.0030 0.1550 
| 10 (0.190) 40 NS-2A 0.2250 0.0009 0.1891 0.1840 0.0051 0.1729 0.1700 0.0029 0.1584 
10 (0.190) 48 NS-2A 0.1875 0.0008 0.1892 0.1847 0.0045 0.1757 0.1731 0.0026 0.1636 
10 (0.190) 56 NS-2A 0.1607 0.0007 0.1893 0.1852 0.0041 0.1777 0.1752 0.0025 0.1674 
|| 12 (0.216) 32 NEF-2A 0.2812 0.0009 0.2151 0.2091 0.0060 0.1948 0.1917 0.0031 0.1768 
12 (0.216) 36 NS-2A 0.2500 0.0009 0.2151 0.2096 0.0055 0.1971 0.1941 0.0030 0.1810 
|e 2 (0.216) 40 NS-2A 0.2250 0.0009 0.2151 0.2100 0.0051 0.1989 0.1960 0.0029 0.1844 
| 12 (0.216) 48 NS-2A 0.1875 0.0008 0.2152 0.2107 0.0045 0.2017 0.1991 0.0026 0.1896 
| “12 (0.216) 56 NS-2A 0. 1607 0.0007 0.2153 0.2112 0.0041 0.2037 0.2012 0.0025 0.1934 
| 14 24 NS-2A 0.3750 0.0011 0.2489 0.2417 0.0072 0.2218 0.2181 0.0037 0.1978 
| y% 32 NEF-2A 0.2812 0.0010 0.2490 0.2430 0.0060 0.2287 0.2255 0.0082 0.2107 
Y% 36 UN-2A 0.2500 0.0009 0.2491 0.2486 0.0055 0.2311 0.2280 0.0031 0.2150 
yy 40 NS-2A 0.2250 0.0009 0.2491 0.2440 0.0051 0.2329 0.2300 0.0029 0.2184 
y 48 NS-2A 0.1875 0.0008 0.2492 0.2447 0.0045 0.2357 0.2330 0.0027 0.2236 
| 56 NS-2A 0.1607 0.0008 0.2492 0.2451 0.0041 0.2376 0.2350 0.0026 0.2273 
346 20 NS-2A 0.4500 0.0012 0.3113 0.30382 0.0081 0.2788 0.2748 0.0040 0.2500 
X46 28 NS-2A 0.3214 0.0010 0.3115 0.3050 0.0065 0.2883 0.2849 0.0034 0.2677 
He 32 NEF-2A 0.2812 0.0010 0.3115 0.3055 0.0060 0.2912 0.2880 0.0032 0.2732 
46 36 UN-2A 0.2500 0.0009 0.3116 0.3061 0.0055 0.2936 0.2905 0.0031 0.2775 
46 40 NS-2A 0.2250 0.0009 0.3116 0.3065 0.0051 0.2954 0.2925 0.0029 0.2809 
He 48 NS-2A 0.1875 0.0008 0.3117 0.3072 0.0045 0.2982 0.2955 0.0027 0.2861 
3¢ 18 NS-2A 0.5000 0.0013 0.3737 0.3650 0. 0087 0.3376 0.3333 0.0043 0.3055 
3g 20 NS-2A 0.4500 0.0012 0.3738 0.3657 0.0081 0.3413 0.3372 0.0041 0.3125 
3¢ 28 NS-2A 0.3214 0.0011 0.3739 0.3674 0.0065 0.3507 0.3471 0.0036 0.3301 
1\ \ 3% 32 NEF-2A 0.2812 0.0010 0.3740 0.3680 0.0060 0.3537 0.35038 0.0034 0.3357 
3g 36 UN-2A 0.2500 0.0010 0.3740 0.3685 0.0055 0.3560 0.3528 0.0032 0.3399 
34 40 NS-2A 0.2250 0. C009 0.3741 0.3690 0.0051 0.3579 0.3548 0.0031 0.3434 
Ke 16 NS-2A 0.5625 0.0014 0.4861 0.4267 0.0094 0.38955 0.3909 0.0046 0.3594 
Ke 18 NS-2A . 0.5000 0.00138 0.43862 0.4275 0.0087 0.4001 0.3958 0.0048 | 0.3680 
Ke 24 NS-2A 0.3750 0.0011 0.4364 0.4292 0.0072 0.4093 0.4055 0.0038 | 0.3853 
Ke 28 UNEF-2A 0.3214 0.0011 0.4364 0.4299 0.0065 0.4132 0.4096 0.0036 0.3926 
Yo 32 NS-2A 0.2812 0.0010 0.4365 0.4305 0.0060 0.4162 0.4128 0.0034 0.3982 
mA 14 NS-2A 0: 6429 0.0015 0.4985 0.4882 0.0103 0.4521 0.4471 0.0050 0.4109 
A 16 NS-2A 0.5625 0.0014 0.4986 0.4892 0.0094 0.4580 0.4583 0.0047 0.4219 
A 18 NS-2A 0.5000 0.0013 0.4987 0.4900 0.0087 0.4626 0.4582 0.0044 1.4305 
eA 24 NS-2A 0.3750 0.0012 0.4988 0.4916 0.0072 0.4717 0.4678 0.0039 0.4477 
aA 28 UNEF-2A 0.3214 0.0011 0.4989 0.4924 0.0065 0.4757 0.4720 0.0037 0.4551 
ime 26 32 NS-2A 0.2812 0.0010 0.4990 0.4930 0.0060 0.4787 0.4752 0.0035 0.4607 
\ 
| Ke 14 NS-2A 0.6429 0.0015 0.5610 0.5507 0.0103 0.5146 0.5096 0.0050 0.4734 
|| Ke 16 NS-2A 0.5625 0.0014 0.5611 0.5517 0.0094 0.5205 0.5158 0.0047 0.4844 
| Ke 20 NS-2A 0.4500 0.0013 0.5612 0.5531 0.0081 0.5287 0.5245 0.0042 0.4999 
| Ke 24 NEF-2A 0.3750 0.0012 0.5613 0.5541 0.0072 0.5342 0.5303 0.0089 0.5102 
Wee Me 28 UN-2A ~- 0.3214 0.0011 0.5614 0.5549 0.0065 0.5382 0.5345 0.0037 | 0.5176 
| > 46 32 NS-2A 0.2812 0.0010 0.5615 0.5555 * 0. 0060 0.5412 0.5377 0.00385 | 0.5232 
| 54 12 N-2A 6.7500 0.0016 0.6234 0.6120 0.0114 0.5693 0.5639 0. 0054 0.5212 
54 14 NS-2A 0.6429 0.0015 0.6235 0.6132 0.0103 0.5771 0.5720 0.0051 | 0.5359 
| 54 16 NS-2A 0.5625 0.0014 0.6236 0.6142 0.0094 0.5830 0.5782 0.0048 0.5469 
| 54 20 NS-2A 0.4500 0.0013 0.6237 0.6156 0.0081 0.5912 0.5869 0.0043 0.5624 
| 54 -24 NEF-2A 0.3750 0.0012 0.6238 0.6166 0.0072 0.5967 0.5927 0.0040 0.5727 
| 5g 28 UN-2A 0.3214 0.0011 0.6239 0.6174 0.0065 0.6007 0.5969 0.0038 | 0.5801 
5¢ 32 NS-2A 0.2812 0.0011 0.6239 0.6179 0.0060 0.6036 0.6000 0.0036 0.5856 
1, 12 N-2A 0.7500 0.0016 0.6859 0.6745 0.0114 0.6318 0.6264 0.0054 0.5837 
llig 24 NEF-2A 0.3750 0.0012 0.6863 0.6791 0.0072 0.6592 0.6552 0.0040 0.6352 
} Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 


British: Effective Diameter. 


© See Fig. 1. 


_ © Maximum limits are incrased by the amount of the allowance for threads which are electroplated or have coatings of similar thicknesses. Where the allowance is not suffi- 
_ cient for the required thickness of plating or coating, special provisions are necessary. 
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TABLE 17b—Class 2A, Selected Combinations of Special Diameter and Pitch—UN, N, UNEF, NEF, and NS 


DESIGNATION 


Le, 


EXTERNAL-THREAD LIMITS OF SIZE® 


Major diameter 


Pitch diameter > 


9 X PITCH . 
Size ee Thread symbol * Allowance Limits Limits Pee 
Tolerance Tolerance 
Max? Min Max? Min 
34 12 N-2A 0.7500 0.0017 0.7483 0.7369 0.0114 0.6942 0.6887 0.0055 -0.6461 
34 14 NS-2A 0.6429 0.0015 0.7485 0.7382 0.0103 0.7021 0.6970 0.0051 0.6609 
34 18 NS-2A 0.5000 0.0014 0.7486 0.7399 0.0087 0.7125 0.7079 0.0046 0.6804 
34 20 UNEF-2A 0.4500 0.0013 0.7487 0.7406 0.0081 0.7162 0.7118 0.0044 0.6874 
34 24 NS-2A 0.3750 0.0012 0.7488 0.7416 0.0072 0.7217 0.7176 0.0041 0.6977 
34 28 UN-2A 0.3214 0.0012 0.7488 0.7423 0.0065 0.7256 0.7218 0.0038 0.7050 
34 32 NS-2A 0.2812 0.0011 0.7489 0.7429 0.0060 0.7286 0.7250 0.0036 0.7106 
13/6 12 N-2A 0.7500 0.0017 0.8108 0.7994 0.0114 0.7567 0.7512 0.0055 0.7086 
13/6 16 UN-2A 0.5625 0.0015 0.8110 0.8016 0.0094 0.7704 0.7655 0.0049 0.7343 
1346 20 UNEF-2A 0.4500 0.0013 0.8112 0.8031 0.0081 0.7787 0.7743 0.0044 0.7498 
14 10 NS-2A 0.9000 0.0018 0.8732 0.8603 0.0129 0.8082 0.8022 0.0060 0.7505 
iy 12 N-2A 0.7500 0.0017 0.8733 0.8619 0.0114 0.8192 0.8137 0.0055 0.7711 
iB 16 UN-2A 0.5625 0.0015 0.8735 0.8641 0.0094 0.8329 0.8280 0.0049 0.7968 
i% 18 NS-2A 0.5000 0.0014 0.8736 0.8649 0.0087 0.8375 0.8329 0.0046 0.8054 
iy 20 UNEF-2A 0.4500 0.0013. 0.8737 0.8656 | ~0.0081 0.8412 0.8368 0.0044 0.8124 
i 24 NS-2A 0.3750 0.0012 0.8738 0.8656 0.0072 0.8467 0.8426 0.0041 0.8227 
i 28 UN-2A 0.3214 0.0012 0.8738 0.8673 0.0065 0.8506 0.8468 0.0038 0.8300 
i 32 NS-2A 0.2812 0.0011 0.8739 0.8679 0.0060 0.8536 0.8500 0.0036 0.8356 
1546 12 UN-2A 0.7500 0.0017 0.9358 0.9244 0.0114 0.8817 0.8760 0.0057 0.8336 
1546 16 UN-2A 0.5625 0.0015 0.9360 0.9266 0.0094 0.8954 0.8904 0.0050 0.8593 
1546 20 UNEF-2A 0.4500 0.0014 0.9361 0.9280 0.0081 0.9036 0.8991 0.0045 0.8748 
1 10 NS-2A 0.9000 0.0018 0.9982 0.9853 0.0129 0.9332 0.9270 0.0062 0.8755 
1 16 UN-2A 0.5625 0.0015 0.9985 0.9891 0.0094 0.9579 0.9529 0.0050 0.9218 
1 18 NS-2A 0.5000 0.0014 0.9986 0.9899 0.0087 0.9625 0.9578 0.0047 0.9304 
1 20 UNEF-2A 0.4500 0.0014 0.9986 0.9905 0.0081 0.9661 0.9616 0.0045 0.9373 
1 24 NS-2A 0.3750 0.0013 0.9987 0.9915 0.0072 0.9716 0.9674 0.0042 0.9476 
1 28 UN-2A 0.3214 0.0012 0.9988 0.9923 0.0065 0.9756 0.9716 0.0040 0.9550 
1 32 NS-2A 0.2812 0.0011 0.9989 0.9929 0.0060 0.9786 0.9748 0.0038 0.9606 
6 12 UN-2A 0.7500 0.0017 1.0608 1.0494 0.0114 1.0067 1.0010 0.0057 0.9586 
le 16 UN-2A 0.5625 0.0015 1.0610 1.0516 0.0094 1.0204 1.0154 0.0050 0.9843 
li, 18 NEF-2A 0.5000 0.0014 1.0611 1.0524 0.0087 1.0250 1.0203 0.0047 0.9929 
1K 10 NS-2A 0.9000 0.0018 1.1232 1.1103 0.0129 1.0582 1.0520 0.0062 1.0005 
1g 14 NS-2A 0.6429 0.0016 1.1234 1.1131 0.0103 1.0770 1.0717 0.0053 1.0358 
1K 16 UN-2A 0.5625 0.0015 1.1235 1.1141 0.0094 1.0829 1.0779 0.0050 1.0468 
1k 18 NEF-2A 0.5000 0.0014 1.1236 1.1149 0.0087 1.0875 1.0828 0.0047 1.0554 
1k 20 UN-2A 0.4500 0.0014 1.1236 1.1155 0.0081 1.0911 1.0866 0.0045 1.0623 
1K 24 NS-2A 0.3750 0.0013 1.1237 1.1165 0.0072 1.0966 1.0924 0.0042 1.0726 
11 28 UN-2A 0.3214 0.0012 1.1238 1.1173 0.0065 1.1006 1.0966 0.0040 1.0800 
1346 12 UN-2A 0.7500 0.0017 1.1858 1.1744 0.0114 1.1317 1.1259 0.0058 1.0836 
1346 16 UN-2A 0.5625 0.0015 1.1860 1.1766 0.0094 1.1454 1.1403 0.0051 1.1093 
1346 18 NEF-2A 0.5000 0.0015 1.1860 1.1773 0.0087 1.1499 1.1450 0.0049 1.1178 
14% 10 NS-2A 0.9000 0.0019 1.2481 1.2352 0.0129 1.1831 1.1768 0.0063 1.1254 
1% 14 NS-2A 0.6429 0.0016 1.2484 1.2381 0.0103 1.2020 1.1966 0.0054 1.1608 
1% 16 UN-2A 0.5625 0.0015 1.2485 1.2391 0.0094 1.2079 1.2028 0.0051 1.1718 
14 18 NEF-2A 0.5000 0.0015 1.2485 1.2398 0.0087 1.2124 1.2075 0.0049 1.1803 
14 20 UN-2A 0.4500 0.0014 1.2486 1.2405 0.0081 1.2161 1.2114 0.0047 1.1873 
14 24 NS-2A 0.3750 0.0013 1.2487 1.2415 0.0072 1.2216 1.2173 0.0043 1.1976 
145 12 UN-2A 0.7500 0.0017 1.3108 1.2994 0.0114 1.2567 1.2509 0.0058 1.2086 
146 16 UN-2A 0.5625 0.0015 1.3110 1.3016 0.0094 1.2704 1.2653 0.0051 1.2343 
1546 18 NEF-2A 0.5000 0.0015 1.3110 1.3023 0.0087 1.2749 1.2700 0.0049 1.2428 


® Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 
British: Effective Diameter. 


° See Fig. 1. 


_ © Maximum limits are increased by the 
cient for the required thickness of plating 


amount of the allowance for threads which are electroplated or have coatings of similar thicknesses. Where the allowance is not suffi- 
or coating, special provisions are necessary. 


SCREW THREADS 301 


| TABLE 17c—Class 2A, Selected Combinations of Special Diameter and Pitch—UN, N, UNEF, NEF, and NS 
| DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE* 
Ps Major diameter Pitch diameter? 
: 9 : 
ae, Thread symbol altace Allowance Limits Limits dens 
aolerance | —————— nl Tolerance 
Max4 Min Max? Min 
10 NS-2A 0.9000 0.0019 1.3731 1.3602 0.0129 1.3081 1.3018 0.0063 1.2504 
14 NS-2A 0.6429 0.0016 1.3734 1.3631 0.0103 1.3270 1.3216 0.0054 1.2858 
16 UN-2A _ 0.5625 0.0015 1.3735 1.3641 0.0094 1.3329 1.3278 0.0051 1.2968 
18 NEF-2A ~ 0.5000 0.0015 1.3735 1.3648 0.0087 1.3374 1.3325 0.0049 1.3053 
|| Ke 12 UN-2A 0.7500 0.0018 1.4357 1.4243 0.0114 1.3816 1.3757 0.0059 1.3335 
| Ke 16 UN-2A 0.5625 0.0016 1.4359 1.4265 0.0094 1.3953 1.3901 0.0052 1.3592 
f 1K6 18 NEF-2A 0.5000 0.0015 1.4360 1.4273 0.0087 1.3999 1.3949 0.0050 1.3678 
i 
| 1% 10 NS-2A 0.9000 0.0019 1.4981 1.4852 0.0129 1.4831 1.4267 0.0064 1.3754 
14% 14 NS-2A 0.6429 0.0017 1.4983 1.4880 0.0103 1.4519 1.4464 0.0055 1.4107 
14% 16 UN-2A 0.5625 0.0016 1.4984 1.4890 0.0094 1.4578 1.4526 0.0052 1.4217 
i) 1% 18 NEF-2A 0.5000 0.0015 1.4985 1.4898 0.0087 1.4624 1.4574 0.0050 1.4803 
1% 20 UN-2A 0.4500 0.0014 1.4986 1.4905 0.0081 1.4661 1.4613 0.0048 1.4373 
| 1% 24 NS-2A 0.3750 0.0013 1.4987 1.4915 0.0072 1.4716 1.4672 0.0044 1.4476 
| 1%6 16 N-2A 0.5625 0.0016 1.5609 1.5515 0.0094 1.5203 1.5151 0.0052 1.4842 
1% 6 18 NEF-2A 0.5000 0.0015 1.5610 1.5523 0.0087 1.5249 1.5199 0.0050 1.4928 
\ 15g 6 NS-2A 1.5000 0.0024 1.6226 1.6044 0.0182 1.5143 1.5062 0.0081 1.4181 
1) 136 } NS-2A 1.2857 0.0023 1.6227 1.6063 0.0164 1.5299 1.5224 0.0075 1.4474 
\| 156 10 NS-2A 0.9000 0.0019 1.6231 1.6102 0.0129 1.5581 PbO ha 0.0064 1.5004 
| (15% 12 N-2A 0.7500 0.0018 1.6232 1.6118 0.0114 1.5691 1.5632 0.0059 1.5210 
) 1% 14 NS-2A 0.6429 0.0017 1.6233 1.6130 0.0103 1.5769 1.5714 0.0055 1.5357 
| 15% 16 N-2A 0.5625 0.0016 1.6234 1.6140 0.0094 1.5828 1.5776 0.0052 1.5467 
| 15¢ 18 NEF-2A 0.5000 0.0015 1.6235 1.6148 0.0087 1.5874 1.5824 0.0050 1.5553 
| 15 20 NS-2A 0.4500 0.0014 1.6236 1.6155 0.0081 1.5911 1.5863 0.0048 1.5623 
! ‘154 24 NS-2A 0.3750 0.0013 1.6237 1.6165 0.0072 1.5966 1.5922 0.0044 1.5726 
| \ 11M, 16 N-2A 0.5625 0.0016 1.6859 1.6765 0.0094 1.6453 1.6400 0.0053 1.6092 
| Li, 18 NEF-2A 0.5000 0.0015 1.6860 1.6773 0.0087 1.6499 1.6448 0.0051 1.6178 
| 134 6 NS-2A 1.5000 0.0025 1.7475 1.7293 0.0182 1.6392 1.6310 0.0082 1.5430 
1384 7 NS-2A 1.2857 0.0023 1.7477 1.7313 0.0164 1.6549 1.6473 0.0076 1.5724 
134 8 UN-2A 1.1250 0.0021 1.7479 1.7329 0.0150 1.6667 1.6596 0.0071 1.5945 
13% 10 NS-2A 0.9000 0.0019 1.7481 1.7352 0.0129 1.6831 1.6766 0.0065 1.6254 
134 12 UN-2A 0.7500 0.0018 1.7482 1.7368 0.0114 1.6941 1:6881 0.0060 1.6460 
134 14 NS-2A 0.6429 0.0017 1.7483 1.7380 0.0103 1.7019 1.6963 0.0056 1.6607 
134 16 UNEF-2A 0.5625 0.0016 1.7484 1.7390 0.0094 1.7078 1.7025 0.0053 1.6717 
134 18 NS-2A 0.5000 0.0015 1.7485 1.7398 0.0087 1.7124 1.7073 0.0051 1.6803 
134 20 UN-2A 0.4500 0.0015 1.7485 1.7404 0.0081 1.7160 1.7112 0.0048 1.6872 
13X45 16 N-2A 0.5625 0.0016 1.8109 1.8015 0.0094 1.7703 1.7650 0.0053 1.7342 
| 1% 6 NS-2A 1.5000 0.0025 1.8725 1.8543 0.0182 1.7642 1.7560 0.0082 1.6680 
| 1% 7 NS-2A 1.2857 0.0023 1.8727 1.8563 0.0164 1.7799 1.7723 0.0076 1.6974 
| Ke 8 NS-2A 1.1250 0.0021 1.8729 1.8579 0.0150 de OL7 1.7846 0.0071 1.7195 
| 1% 10 NS-2A 0.9000 0.0019 1.8731 1.8602 0.0129 1.8081 1.8016 0.0065 1.7504 
|) es 12 N-2A 0.7500 0.0018 1.8732 1.8618 0.0114 1.8191 1/8131 0.0060 1.7710 
| 1% 14 NS-2A 0.6429 0.0017 1.8733 1.8630 0.0103 1.8269 1.8213 0.0056 1.7857 
1% 16 N-2A 0.5625 0.0016 1.8734 1.8640 0.0094 1.8328 1.8275 0.0053 1.7967 
1% 18 NS-2A- : 0.5000 0.0015 1.8735 1.8648 0.0087 1.8374 1.8323 0.0051 1.8053 
Live | 20 NS-2A 0.4500 0.0015 1.8735 1.8654 0.0081 1.8410 1.8362 0.0048 1.8122 
1115/6, 16 N-2A 0.5625 0.0016 1.9359 1.9265 0.0094 1.8953 1.8899 0.0054 1.8592 


_ ® Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 
_ » British: Effective Diameter. 
° See Fig. 1. 
4 Maximum limits are increased by theamount of the allowance for threads which are electroplated or have coatings of similar thicknesses. Where the allowance is not sufficient 
for the required thickness of plating or coating, special provisions are necessary. 
© For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 


| 302 SCREW THREADS 


TABLE 17d—Class 2A, Selected Combinations of Special Diameter and Pitch—UN, N, UNEF, NEF, and NS 


DESIGNATION | EXTERNAL-THREAD LIMITS OF SIZE® 
| L Major diameter Pitch diameter? 
ee : 
| Size Threads Thread symbol as ects: Allowance Limits Limits Picea? 
| per inch Tolerance Tolerance 
Max? Min Max‘ Min 
9 6 NS-2A 1.5000 0.0025 1.9975 1.9793 0.0182 1.8892 | 1.8809 0.0083 1.7930 
2 if NS-2A 1.2857 0.0023 1.9977 1.9813 0.0164 1.9049 1.8972 0.0077 1.8224 
2 8 UN-2A 1.1250 0.0022 1.9978 1.9828 0.0150 .| 1.9166 1.9094 0.0072 1.8444 
2 10 NS-2A 0.9000. 0.0020 1.9980 1.9851 0.0129 1.9330 1.9265 | 0.0065 1.8753 
| 2 12 UN-2A 0.7500 0.0018 1.9982 1.9868 0.0114 1.9441 1.9380 0.0061 1.8960 
| 2 14 NS-2A 0.6429 0.0017 1.9983 1.9880 0.0103 1.9519 1.9462 0.0057 1.9107 
2 16 UNEF-2A 0.5625 0.0016 1.9984 1.9890 0.0094 1.9578 1.9524 0.0054 1.9217 
2 18 NS-2A 0.5000 0.: 015 1.9985 1.9898 0.0087 1.9624 1.9573 | 0.0051 1.9303 
2 20 UN-2A 0.4500 0.0015 1.9985 1.9904 0.0081 1.9660 1.9611 0.0049 1.9372 
26 16 N-2A 0.5625 0.0016 2.0609 2.0515 0.0094 2.0203 2.0149 0.0054 1.9842 
2k 12 N-2A 0.7500 0.0018 2.1232 2.1118 0.0114 2.0691 2.0630 0.0061 2.0210 
2 16 N-2A 0.5625 0.0016 2.1234 2.1140 0.0094 2.0828 2.0774 0.0054 2.0467 
236 16 N-2A 0.5625 0.0016 2.1859 2.1765 0.0094 2.1453 2.1399 0.0054 2.1092 
| 244 6 NS-2A 1.5000 0.0025 2.2475 2.2293 ‘i 0.0182 2.1392 2.1309 0.0083 2.0430 
24% 7 NS-2A 1.2857 0.0024 2.2476 2.2312 0.0164 2.1548 2.1471 0.0077 2.0723 
24% 8 UN-2A 1.1250 0.0022 2.2478 2.2328 0.0150 2.1666 2.1594 0.0072 2.0944 
244 10 NS-2A 0.9000 0.0020 2.2480 2.2351 0.0129 2.1830 2.1765 0.0065 2.1253 
24% 12 UN-2A 0.7500 0.0018 2.2482 2.2368 0.0114 2.1941 2.1880 0.0061 2.1460 
24% 14 NS-2A 0.6429 0.0017 2.2483 2.2380 0.0103 2.2019 2.1962 0.0057 2.1607 
24% 16 UN-2A 0.5625 0.0016 2.2484 2.2390 0.0094 2.2078 2.2024 0.0054 P2a8 le aly 
| 2% 18 NS-2A 0.5000 0.0015 2.2485 2.2398 0.0087 2.2124 2.2073 0.0051 2.1803 
24% 20 UN-2A 0.4500 0.0015 2.2485 2.2404 0.0081 2.2160 2.2111 0.0049 2.1872 
| 2546 16 N-2A 0.5625 0.0017 2.3108 2.3014 0.0094 2.2702 2.2647 0.0055 2.2341 
| 234 12 N-2A 0.7500 0.0019 2.3731 2.3617 0.0114 2.3190 2.3128 0.0062 2.2709 
23¢ 16 N-2A 0.5625 0.0017 2.3733 2.3639 0.0094 2.3327 2.3272 0.0055 2.2966 
2iK6 16 N-2A 0.5625 0.0017 2.4858 2.4264 0.0094 2.3952 2.3897 0.0055 2.3591 
24% 6 NS-2A 1.5000 0.0025 2.4975 2.4793 0.0182 2.3892 2.3808 0.0084 2.2930 
246 7 NS-2A 1.2857 0.0024 2.4976 2.4812 0.0164 2.4048 2.3970 0.0078 2.3223 
24 8 UN-2A 1.1250 0.0022 2.4978 2.4828 0.0150 2.4166 2.4092 0.0074 2.3444 
24 10 NS-2A 0.9000 0.0020 2.4980 2.4851 0.0129 2.4330 2.4263 0.0067 2.3753 
24 12 UN-2A 0.7500 0.0019 2.4981 2.4867 0.0114 2.4440 2.4378 0.0062 2.3959 
24 14 NS-2A 0.6429 0.0017 2.4983 2.4880, 0.0103 2.4519 2.4461 0.0058 2.4107 
24 16 UN-2A 0.5625 0.0017 2.4983 2.4889 0.0094 2.4577 2.4522 0.0055 2.4216 
24 18 NS-2A 0.5000 0.0016 2.4984 2.4897 0.0087 2.4623 2.4570 0.0053 2.4302 
24 20 UN-2A 0.4500 0.0015 2.4985 2.4904 0.0081 2.4660 2.4609 0.0051 2.4372 
25¢ 12 N-2A 0.7500 0.0019 2.6231 2.6117 0.0114 2.5690 | 2.5628 0.0062 2.5209 
| 254 16 N-2A 0.5625 0.0017 2.6233 2.6139 0.0094 2.5827 2.5772 0.0055 2.5466 
234 6 NS-2A 1.5000 0.0025 2.7475 2.7293 0.0182 2.63892 2.6808 0.0084 2.5430 
234 iC NS-2A 1.2857 0.0024 2.7476 2.1312 0.0164 2.6548 2.6470 0.0078 2.5723 
. 234 8 UN-2A 1.1250 0.0022 2.7478 2.7328 0.0150 2.6666 2.6592 0.0074 2.6944 
234 10 NS-2A 0.9000 0.0020 2.7480 2.7851 0.0129 2.6830 2.6763 0.0067 2.6253 
234 12 UN-2A 0.7500. 0.0019 2.7481 2.7367 0.0114 2.6940 2.6878 0.0062 2.6459 
234 14 NS-2A 0.6429 0.0017 2.7483 2.7380 0.0103 2.7019 | 2.6961 0.0058 2.6607 
234 16 UN-2A 0.5625 0.0017 2.7483 2.7389 0.0094 2.7077 2.7022 0.0055 2.6716 
234 18 NS-2A 0.5000 0.0016 2.7484 2.7397 0.0087 2.7123 | 2.7070 0.0053 2.6802 
2% 12 N-2A 0.7500 0.0019 |; 2.8731 2.8617 0.0114 2.8190 | 2.8127 0.0063 2.7709 
27% 16 N-2A | 0.5625 0.0017 2.8733 2.8639 0.0094 2.8327 2.8271 0.0056 2.7966 


® Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 
> British: Effective Diameter. 
° See Fig. 1. 


Maximum limits are increased by the amount of the allowance for threads which are electroplated or have coatings of similar thicknesses. Where the allowance is not suffi- 


cient for the required thickness of plating or coating special provisions are necessary. 


SCREW THREADS 303 
| 


TABLE 17e—Class 2A, Selected Combinations of Special Diameter and Pitch—UN, N, NEF, and NS 


DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE® 
Le, Major diameter Pitch diameter 
9 PITCH = F 
Size mite Thread symbol ie Allowance Limits Limits Ae 
z = Tolerance |—— ae Tolerance 
Max? Min Max@ Min 
| 3 6 NS-2A 1.5000 0.0026 2.9974 2.9792 0.0182 2.8891 2.8806 0.0085 2.7929 
3 i NS-2A 1.2857 0.0024 2.9976 2.9812 0.0164 2.9048 2.8968 0.0080 2.8223 
| 3 8 UN-2A 1.1250 0.0023 2.9977 2.9827 0.0150 2.9165 2.9090 0.0075 2.8443 
| 3 10 NS-2A 0.9000 0.0020 2.9980 2.9851 0.0129 2.9330 2.9262 0.0068 2.8753 
3 12 UN-2A 0.7500 0.0019 2.9981 2.9867 0.0114 2.9440 2.9377 0.0063 2.8959 
3 14 NS-2A 0.6429 0.0018 2.9982 2.9879 0.0103 2.9518 2.9459 0.0059 2.9106 
3 16 UN-2A 0.5625 0.0017 2.9983 2.9889 0.0094 2.9577 2.9521 0.0056 2.9216 
| j 3 18 NS-2A 0.5000 0.0016 2.9984 2.9897 0.0087 2.9623 2.9569 0.0054 2.9302 
| 
| 3k 12 N-2A 0.7500 0.0019 3.1231 aien Alles 0.0114 3.0690 3.0627 0.0063 3.0209 
3k 16 N-2A 0.5625 0.0017 3.1233 3.1139 0.0094 3.0827 3.0771 0.0056 3.0466 
3% 6 NS-2A 1.5000 0.0026 3.2474 3.2292 0.0182 3.1391 3.1306 0.0085 3.0429 
3% 7 NS-2A 1.2857 0.0024 3.2476 3.2312 0.0164 3.1548 3.1468 0.0080 3.0723 
3% 8 UN-2A 1.1250 0.0023 3.2477 3.2327 0.0150 3.1665 3.1590 0.0075 3.0943 
| 34 10 NS-2A 0.9000 0.0020 3.2480 3.2351 0.0129 3.1830 3.1762 0.0068 3.1253 
j 34 12 UN-2A 0.7500 0.0019 3.2481 3.2367 0.0114 3.1940 3.1877 0.0063 3.1459 
3% 14 NS-2A 0.6429 0.0018 3.2482 3.2379 0.0103 3.2018 3.1959 0.0059 3.1606 
34 16 UN-2A 0.5625 0.0017 3.2483 3.2389 0.0094 3.2077 3.2021 0.0056 3.1716 
34 18 NS-2A 0.5000 0.0016 3.2484 3.2397 0.0087 3.2123 3.2069 0.0054 3.1802 
| 
my | O36 12 N-2A 0.7500 0.0019 3.3731 3.3617 0.0114 3.3190 3.3126 0.0064 3.2709 
| 334 16 N-2A 0.5625 0.0017 3.3733 3.3639 0.0094 3.3327 3.3269 0.0058 3.2966 
3% 6 NS-2A 1.5000 0.0026 3.4974 3.4792 0.0182 3.3891 3.3804 0.0087 3.2929 
3% if NS-2A 1.2857 0.0024 3.4976 3.4812 0.0164 3.4048 3.3967 0.0081 3.3223 
3% 8 UN-2A 1.1250 0.0023 3.4977 3.4827 0.0150 3.4165 3.4089 0.0076 3.3443 
34 10 NS-2A 0.9000 0.0021 3.4979 3.4850 0.0129 3.4329 3.4260 0.0069 3.3752 
344 12 UN-2A 0.7500 0.0019 3.4981 3.4867 0.0114 3.4440 3.4376 0.0064 3.3959 
3% 14 NS-2A 0.6429 0.0018 3.4982 3.4879 0.0103 3.4518 3.4457 0.0061 3.4106 
\ 3% 16 UN-2A 0.5625 0.0017 3.4983 3.4889 0.0094 3.4577 3.4519 0.0058 3.4216 
3% 18 NS-2A 0.5000 0.0017 3.4983 3.4896 0.0087 3.4622 3.4567 0.0055 3.4301 
3% 12 N-2A 0.7500. 0.0019 3.6231 3.6117 0.0114 3.5690 3.5626 0.0064. | 3.5209 
3% 16 N-2A 0.5625 0.0017 3.6233 3.6139 0.0094 3.5827 3.5769 0.0058 3.5466 
334 6 NS-2A 1.5000 0.0026 3.7474 3.7292 0.0182 3.6391 3.6304 0.0087 3.5429 
334 7 NS-2A 1.2857 0.0024 3.7476 3.7312 0.0164 3.6548 3.6467 0.0081 3.5723 
334 8 UN-2A 1.1250 0.0023 3.7477 3.7327 0.0150 3.6665 3.6589 0.0076 3.5943 
| 334 ery LO NS-2A 0.9000 0.0021 3.7479 3.7350 0.0129 3.6829 3.6760 0.0069 3.6252 
| 334 12 UN-2A 0.7500 0.0019 3.7481 3.7367 0.0114 3.6940 3.6876 0.0064 3.6459 
i 334 14 NS-2A 0.6429 0.0018 3.7482 3.7379 0.0103 3.7018 3.6957 0.0061 3.6606 
334 16 UN-2A 0.5625 0.0017 3.7483 3.7389 0.0094 3.7077 3.7019 0.0058 3.6716 
334 18 NS-2A 0.5000 0.0017 3.7483 3.7396 0.0087 3.7122 3.7067 0.0055 3.6801 
3% 12 N-2A 0.7500 0.0020 3.8730 3.8616 0.0114 3.8189 3.8124 0.0065 3.7708 
3% 16 N-2A 0.5625 0.0018 3.8732 3.8638 0.0094 3.8326 3.8267 0.0059 3.7965 
1 
| 4 6 NS-2A 1.5000 | 0.0026 | 3.9974 | 3.9792 | 0.0182 | 3.8891 | 8.8803 | 0.0088 | 3.7929 
i 4 7 NS-2A 1.2857 0.0024 3.9976 3.9812 0.0164 3.9048 3.8966 0.0082 3.8223 
| 4 8 UN-2A 1.1250 0.0023 3.9977 3.9827 0.0150 3.9165 3.9088 0.0077 3.8443 
4 10 NS-2A 0.9000 0.0021 3.9979 3.9850 0.0129 3.9329 3.9259 0.0070 3.8752 
| 4 12 UN-2A -~ 0.7500 0.0020 3.9980 3.9866 0.0114 3.9439 3.9374 0.0065 3.8958 
4 14 NS-2A 0.6429 0.0018 3.9982 3.9879 0.0103 3.9518 3.9456 0.0062 3.9106 
| 4 16 UN-2A 0.5625 0.0018 3.9982 3.9888 0.0094 3.9576 3.9517 0.0059 3.9215 
| 44 4 UN-2A 2.2500 0.0032 4.2468 4.2230 0.0238 4.0844 4.0738 0.0106 3.9401 
414 6 NS-2A 1.5000 0.0026 4.2474 4.2292 0.0182 4.1391 4.1303 0.0088 4.0429 
44 Wf NS-2A 1.2857 0.0025 4.2475 4.2311 0.0164 4.1547 4.1465 0.0082 4.0722 
Ay 8 UN-2A 1.1250 0.0023 4.2477 4.2327 0.0150 4.1665 4.1588 0.0077 4.0943 
4\y 10 NS-2A 0.9000 0.0021 4.2479 4.2350 0.0129 4.1829 4.1759 0.0070 4.1252 
4\4 12 UN-2A 0.7500 0.0020 4.2480 4.2366 0.0114 4.1939 4.1874 0.0065 4.1458 
44 14 NS-2A 0.6429 0.0018 4.2482 4.2379 0.0103 4.2018 4.1956 0.0062 4.1606 
4l4 16 UN-2A 0.5625 0.0018 4.2482 4.2388 0.0094 4.2076 4.2017 0.0059 4.1715 


* Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 
British: Effective Diameter. 
° See Fig. 1. : ; ; 
@ Maximum limits are increased by the amount of the allowance for threads which are electroplated or have coatings of similar thicknesses. Where the allowance is not sufficient 
for the required thickness of plating or coating, special provisions are necessary. 
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304 SCREW THREADS 


TABLE 17f—Class 2A, Selected Combinations of Special Diameter and Pitch—UN, N, NEF, and NS 


DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE” 
: Major diameter Pitch diameter? 
9 X PITCH * 
Size aes Thread symbol is Allowance Limits Limits Anas 
ie Tolerance a Tolerance 
Max? Min Max? Min 
44 4 UN-2A 2.2500 0.0032 4.4968 4.4730 0.0238 4.3344 4.3238 0.0106 4.1901 
46 6 NS-2A 1.5000 0.0026 4.4974 4.4792 0.0182 4.3891 4.3803 0.0088 4.2929 
414 7 NS-2A 1.2857 0.0025 4.4975 4.4811 0.0164 4.4047 4.3965 | 0.0082 4.3222 
46 8 UN-2A 1.1250 0.0023 4.4977 4.4827 0.0150 4.4165 4.4088 0.0077 4.3443 
446 10 NS-2A 0.9000 0.0021 4.4979 4.4850 0.0129 4.4329 4.4259 0.0070 4.3752 
416 12 UN-2A 0.7500 0.0020 4.4980 4.4866 0.0114 4.4439 4.4374 0.0065 4.3958 
46 14 NS-2A 0.6429 0.0018 4.4982 4.4879 0.0103 4.4518 4.4456 | 0.0062 4.4106 
44 16 UN-2A 0.5625 0.0018 4.4982 4.4888 0.0094 4.4576 4.4517 0.0059 4.4215 
434 4 UN-2A 2.2500 0.0032 4.7468 4.7230 0.0238 4.5844 4.5736 0.0108 4.4401 
434 6 NS-2A 1.5000 0.0027 4.7473 4.7291 0.0182 4.6390 4.6301 0.0089 4.5428 
434 7 NS-2A 1.2857 0.0025 4.7475 4.7311 0.0164 4.6547 4.6463 | 0.0084 4.5722 
434 8 UN-2A 1.1250 0.0024 4.7476 4.7326 0.0150 4.6664 4.6585 | 0.0079 4.5942 
434 10 NS-2A 0.9000 0.0022 4.7478 4.7349 0.0129 4.6828 4.6756 | 0.0072 4.6251 
434 12 UN-2A 0.7500 0.0020 4.7480 4.7366 0.0114 4.6939 4.6872 0.0067 4.6458 
434 14 NS-2A 0.6429 0.0019 4.7481 4.7378 0.0103 4.7017 4.6953 | 0.0064 4.6605 
434 16 UN-2A 0.5625 0.0018 4.7482 4.7388 0.0094 4.7076 4.7015 0.0061 4.6715 
5 4 UN-2A 2.2500 0.0032 4.9968 4.9730 0.0238 4.8344 4.8236 0.0108 4.6901 
5 6 NS-2A 1.5000 0.0027 4.9973 4.9791 0.0182 4.8890 4.8801 0.0089 4.7928 
5 7 NS-2A 1.2857 0.0025 4.9975 4.9811 0.0164 4.9047 4.8963 0.0084 4.8222 
5 8 UN-2A 1.1250 0.0024 4.9976 4.9826 0.0150 4.9164 4.9085 0.0079 4.8442 
5 10 NS-2A 0.9000 0.0022 4.9978 4.9849 0.0129 4.9328 4.9256 0.0072 4.8751 
5 12 UN-2A 0.7500 0.0020 4.9980 4.9866 0.0114 4.9489 4.9372 0.0067 4.8958 
5 14 NS-2A 0.6429 0.0019 4.9981 4.9878 0.0103 4.9517 4.9453 0.0064 4.9105 
5 16 UN-2A 0.5625 0.0018 4.9982 4.9888 0.0094 4.9576 4.9515 0.0061 4.9215 
54 4 UN-2A 2.2500 0.0032 5.2468 5.2230 0.0238 5.0844 5.0736 0.0108 4.9401 
54% 6 NS-2A 1.5000 0.0027 5.2473 5.2291 0.0182 5.1390 5.1301 0.0089 5.0428 
54% 7 NS-2A 1.2857 0.0025 5.2475 5.2311 0.0164 5.1547 5.1463 0.0084 5.0722 
54 8 UN-2A 1.1250 0.0024 5.2476 5.2326 0.0150 5.1664 5.1585 0.0079 5.0942 
544 10 NS-2A 0.9000 0.0022 5.2478 5.2349 0.0129 5.1828 5.1756 0.0072 5.1251 
54% 12 UN-2A 0.7500 0.0020 5.2480 5.2366 0.0114 5.1939 5.1872 0.0067 5.1458 
54% 14 NS-2A 0.6429 0.0019 5.2481 5.2378 0.0103 5.2017 5.1953 0.0064 5.1605 
514 16 UN-2A 0.5625 0.0018 5.2482 5.2388 0.0094 5.2076 5.2015 0.0061 5.1715 
5% 4 UN-2A 2.2500 0.0032 5.4968 5.4730 0.0238 5.3344 5.3236 0.0108 5.1901 
544 6 NS-2A 1.5000 0.0027 5.4973 5.4791 0.0182 5.3890 5.3801 | 0.0089 5.2928 
54 ve NS-2A 1.2857 0.0025 5.4975 5.4811 0.0164 5.4047 5.3963 | 0.0084 5.3222 
5144 8 UN-2A 1.1250 0.0024 5.4976 5.4826 0.0150 5.4164 5.4085 | 0.0079 5.3442 
54 10 NS-2A 0.9000 0.0022 5.4978 5.4849 0.0129 5.4328 5.4256 0.0072 5.3751 
516 12 UN-2A 0.7500 0.0020 5.4980 5.4866 0.0114 5.4439 5.43872 | 0.0067 5.3958 
54% 14 NS-2A 0.6429 0.0019 5.4981 5.4878 0.0103 5.4517 5.4453 0.0064 5.4105 
544 16 UN-2A 0.5625 0.0018 5.4982 5.4888 0.0094 5.4576 5.4515 0.0061 5.4215 
| 

534 4 UN-2A 2.2500 0.0033 5.7467 5.7229 0.0238 5.5843 5.5734 0.0109 5.4400 
534 6 NS-2A 1.5000 0.0027 5.7473 5.7291 0.0182 5.6390 | 5.6299 | 0.0091 5.5428 
534 7 NS-2A 1.2857 0.0025 5.7475 5.7311 0.0164 5.6547 5.6462 | 0.0085 | 5.5722 
534 8 UN-2A 1.1250 0.0024 5.7476 5.7326 0.0150 5.6664 §.6583 | 0.0081 5.5942 
534 10 NS-2A 0.9000 0.0022 5.7478 5.7349 0.0129 5.6828 5.6754 | 0.0074 5.6251 
534 12 UN-2A 0.7500 0.0021 5.7479 5.7365 0.0114 5.6938 5.6869 0.0069 5.6457 
534 14 NS-2A 0.6429 0.0020 5.7480 5.7377 0.0103 5.7016 5.6951 | 0.0065 5.6604 
534 16 UN-2A 0.5625 0.0019 5.7481 5.7387 0.0094 5.7075 | 5.7013 | 0.0062 5.6714 
6 4 UN-2A 2.2500 0.0033 5.9967 5.9729 0.0238 5.8343 5.8234 | 0.0109 5.6900 
6 6 NS-2A 1.5000 0.0027 5.9973 5.9791 0.0182 5.8890 | 5.8799 | 0.0091 5.7928 
6 ff NS-2A 1.2857 0.0025 5.9975 5.9811 0.0164 5.9047 5.8962 0.0085 5.8222 
6 8 UN-2A 1.1250 0.0024 5.9976 5.9826 0.0150 5.9164 5.9083 0.0081 5.8442 
6 10 NS-2A 0.9000 0.0022 5.9978 5.9849 0.0129 5.9328 5.9254 0.0074 5.8751 
6 12 UN-2A 0.7500 0.0021 5.9979 5.9865 0.0114 5.9438 5.9369 0.0069 5.8957 
6 14 NS-2A 0.6429 0:0020 5.9980 5.9877 0.0103 5.9516 5.9451 0.0065 5.9104 
6 16 UN-2A 0.5625 0.0019 5.9981 5.9887 0.0094 5.9575 5.9513 | 0.0062 5.9214 


® Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 
British: Effective Diameter. 
© See Fig. 1. 
i 4 Maximum limits are increased by the amount of the allowance for threads which are electroplated or have coatings of similar thicknesses. Where the allowance is not suffi- 
cient for the required thickness of plating or coating, special provisions are necessary. 
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SCREW THREADS 305 
TABLE 18a—Class 2B, Selected Combinations of Special Diameter and Pitch—UN, N, UNEF, NEF, and NS 
DESIGNATION INTERNAL-THREAD LIMITS OF SIZE* 
Le Minor diameter Pitch diameter” Maj 
9X PITCH = ree 
Size ae Thread symbol Limits Limits diameter 
_ Tolerance Tolerance 
Min Max Min Max Min 
10 (0.190) 28 NS-2B 0.3214 0.1513 0.1604 0.0091 0.1668 0.1711 0.0043 0.1900 
10 (0.190) 36 NS-2B 0.2500 0.1599 0.1669 0.0070 0.1720 0.1759 0.0039 0.1900 
10 (0.190) 40 NS-2B 0.2250 0.1629 0.1691 0.0062 0.1738 0.1775 0.0037 0.1900 
10 (0.190) 48 NS-2B 0.1875 0.1674 0.1725 0.0051 0.1765 0.1799 0.0034 0.1900 
10 (0.190) 56 NS-2B 0.1607 0.1707 0.1749 0.0042 0.1784 0.1816 0.0032 0.1900 
12 (0.216) 32 NEF-2B 0.2812 0.1822 0.1895 0.0073 0.1957 0.1998 0.0041 0.2160 
12 (0.216) 36 NS-2B 0.2500 0.1859 0.1923 0.0064 0.1980 0.2019 0.0039 0.2160 
12 (0.216) 40 NS-2B 0.2250 0.1889 0.1946 0.0057 0.1998 0.2035 0.0037 0.2160 
12 (0.216) 48 NS-2B 0.1875 0.19384 0.1981 0.0047 0.2025 0.2059 0.0084 0.2160: 
12 (0.216) 56 NS-2B 0.1607 0.1967 0.2006 0.0039 0.2044 0.2076 0.0032 0.2160 
4 24 NS-2B 0.3750 0.2049 0.2189 0.0090 0.2229 0.2277 0.0048 0.2500 
yy 32 NEF-2B 0.2812 0.2162 0.2229 0.0067 0.2297 0.2339 0.0042 0.2500 
\ 36 UN-2B 0.2500 0.2199 0.2258 0.0059 0.2320 0.2360 0.0040 0.2500 
A 40 NS-2B 0.2250 0.2229 0.2282 0.0053 0.2338 0.2376 0.0038 0.2500 
iy 48 NS-2B 0.1875 0.2274 0.2317 0.0043 0.2365 0.2401 0.0036 0.2500 
A 56 NS-2B 0.1607 0.2307 0.23438 0.0036 0.2384 0.2417 0.0033 0.2500 
46 20 NS-2B 0.4500 0.2584 0.2680 0.0096 0.2800 | 0.2852 0.0052 0.3125 
He 28 NS-2B 0.3214 0.2738 0.2807 0.0069 0.2893 0.2937 0.0044 0.3125 
He 32 NEF-2B 0.2812 0.2787 0.2847 0.0060 0.2922 0.2964 0.0042 0.3125 
46 36 UN-2B 0.2500 0.2824 0.2877 0.0053 0.2945 0.2985 0.0040 0.3125 
He 40 NS-2B 0.2250 0.2854 0.2902 0.0048 0.2963 0.3001 0.0038 0.3125 
He 48 NS-2B 0.1875 0.2899 0.2940 0.0041 0.2990 0.3026 0.0036 0.3125 
3¢ 18 NS-2B 0.5000 0.3149 0.3246 0.0097 0.3389 0.3445 0.0056 0.3750 
36 20 NS-2B 0.4500 0.38209 0.3297 0.0088 0.3425 0.3479 0.0054 0.3750 
3¢ 28 NS-2B 0.3214 0.3363 0.3426 0.0063 0.3518 0.3564 0.0046 0.3750 
36 32 NEF-2B 0.2812 0.3412 0.3469 0.0057 0.3547 0.3591 0.0044 0.3750 
3¢ 36 UN-2B 0.2500 0.3449 0.3501 0.0052 0.3570 0.3612 0.0042 0.3750 
3¢ 40 NS-2B 0.2250 0.3479 0.3527 0.0048 0.3588 0.3628 0.0040 0.3750 
Vs 16 NS-2B 0.5625 0.3698 0.3800 0.0102 0.3969 0.4028 0.0059 0.4375 
Ke 18 NS-2B 0.5000 0.3774 0.3865 0.0091 0.4014 0.4070 0.0056 0.43875 
Ye 24 NS-2B 0.3750 0.3924 0.3994 0.0070 0.4104 0.4153 0.0049 0.4375 
Y6 28 UNEF-2B 0.3214 0.3988 0.4051 0.0063 0.4143 0.4189 0.0046 0.4375 
Ke 32 NS-2B 0.2812 0.4037 0.4094 0.0057 0.4172 0.4216 0.0044 0.4375 
Vy 14 NS-2B 0.6429 0.4227 0.4336 0.0109 0.45386 | 0.4601 0.0065 0.5000 
oa 16 NS-2B 0.5625 0.4323 0.4419 0.0096 0.4594 0.4655 0.0061 0.5000 
A 18 NS-2B 0.5000 0.4399 0.4485 0.0086 0.4639 0.4697 0.0058 0.5000 
A 24 NS-2B 0.3750 0.4549 0.4619 0.0070 0.4729 0.4780 0.0051 0.5000 
lg 28 UNEF-2B 0.3214 0.4613 0.4676 0.0063 0.4768 0.4816 0.0048 0.5000 
4 32 NS-2B 0.2812 0.4662 0.4719 0.0057 0.4797 0.4842 0.0045 0.5000 
Ye 14 NS-2B 0.6429 0.4852 0.4956 0.0104 0.5161 0.5226 0.0065 0.5625 
He 16 NS-2B 0.5625 0.4948 0.5040 0.0092 0.5219 0.5280 0.0061 0.5625 
He 20 NS-2B 0.4500 0.5084 0.5162 0.0078 0.5300 0.5355 0.0055 0. 5625 
Ne 24 NEF-2B 0.3750 0.5174 0.5244 0.0070 0.53854 0).5405 0.0051 0.5625 
\ %e 28 UN-2B 0.3214 0.5238 0.5301 0.0063 0.5393 0.5441 0.0048 0.5625 
Heo 32 NS-2B 0.2812 0.5287 0.5344 0.0057 0.5422 0.5467 0.0045 0.5625 
% 12 N-2B" 0.7500 0.5348 0.5463 0.0115 0.5709 0.5780 0.0071 0.6250 
56 14 NS-2B 0.6429 0.5477 0.5577 0.0100 0.5786 | 0.5852 0.0066 0.6250 
54 16 NS-2B 0.5625 0.5573 0.5662 0.0089 0.5844 0.5906 0.0062 0.6250 
54 20 NS-2B 0.4500 0.5709 0.5787 0.0078 0.5925 0.5981 0.0056 0.6250 
Bs 24 NEF-2B 0.3750 0.5799 0.5869 0.0070 0.5979 0.6031 0.0052 0.6250 
% 28 UN-2B 0.3214 0.5863 0.5926 0.0063 0.6018 0.6067 0.0049 0.6250 
5g 32 NS-2B 0.2812 0.5912 0.5969 0.0057 0.6047 0.6093 0.0046 0.6250 
eG 12 N-2B 0.7500 0.5973 0.6085 0.0112 0.6334 0.6405 0.0071 -| 0.6875 
WW, . 24 NEF-2B 0.3750 0.6424 0.6494 0.0070 0.6604 0.6656 0.0052 0.6875 


* Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 


British: Effective Diameter. 


306 SCREW ' THREADS 


TABLE 18b—Class 2B, Selected Combinations of Special Diameter and Pith—UN, N, UNEF, NEF, and NS 


DESIGNATION : INTERNAL-THREAD LIMITS OF SIZE* 
Dy, Minor diameter Pitch diameter” Major 
Si Threads Thread bol 9 X PITCH Be - ws diameter 
size per inch nread symbo! Limits Limits 
Tolerance Tolerance: |= 
Min Max Min Max Min 
3% 12 N-2B 0.7500 0.6598 0.6707 0.0109 0.6959 0.7031 0.0072 0.7500 
34 14 NS-2B 0.6429 0.6727 0.6822 0.0095 0.7036 0.7103 0.0067 0.7500 
3% 18 NS-2B 0.5000 0.6899 0.6980 0.0081 0.7139 0.7199 0.0060 0.7500 
34 20 UNEF-2B 0.4500 0.6959 0.7037 0.0078 0.7175 0.7232 0.0057 0.7500 
34 24 NS-2B 0.3750 0.7049 0.7119 0.0070 0.7229 0.7282 0.0053 0.7500 
34 28 UN-2B 0.3214 0.7113 0.7176 0.0063 0.7268 0.7318 0.0050 0.7500 
34 32 NS-2B 0.2812 0.7162 0.7219 0.0057 0.7297 0.7344 0.0047 0.7500 
1346 12 N-2B 0.7500 0.7223 0.7329 0.0106 0.7584 0.7656 0.0072 0.8125 
13/6 16 UN-2B 0.5625 0.7448 0.7533 0.0085 0.7719 0.7782 0.0063 0.8125 
1346 20 UNEF-2B 0.4500 0.7584 0.7662 0.0078 0.7800 0.7857 0.0057 0.8125 
WA 10 NS-2B 0.9000 0.7667 0.7789 0.0122 0.8100. | 0.8178 0.0078 0.8750 
% 12 N-2B 0.7500 0.7848 0.7952 | 0.0104 | 0.8209 0.8281 0.0072 0.8750 
1% 16 UN-2B 0.5625" 0.8073 0.8158 0.0085 0.8344 0.8407 0.0063 0.8750 
1% 18 NS-2B 0.5000 | 0.8149 0.8230 0.0081 0.8389 0.8449 0.0060 0.8750 
% 20 UNEF-2B 0.4500 0.8209 0.8287 0.0078 0.8425 0.8482 0.0057 0.8750 
WA 24 NS-2B 0.3750 0.8299 0.8369 0.0070 0.8479 0.8532 0.0053 0.8750 
i% 28 UN-2B 0.3214 0.8363 0.8426 0.0063 0.8518 0.8568 0.0050 0.8750 
1g 32 NS-2B 0.2812 0.8412 0.8469 0.0057 0.8547 0.8594 0.0047 0.8750 
1546 i, UN-2B 0.7500 0.8473 0.8575 0.0102 0.8834 0.8908 0.0074 0.9375 
1546 16 UN-2B 0.5625 0.8698 0.8783 0.0085 0.8969 0.9034 0.0065 0.9375 
15i¢ ; 20 UNEF-2B 0.4500 0.8834 0.8912 0.0078 0.9050 0.9109 0.0059 0.9375 
1 10 NS-2B 0.9000 0.8917 0.9037 0.0120 0.9350 0.9430 0.0080 1.0000 
1 16 UN-2B 0.5625 0.9323 0.9408 0.0085 0.9594 0.9659 0.0065 1.0000 
1 18 NS-2B 0.5000 0.9399 0.9480 0.0081 0.9639 0.9701 0.0062 | 1.0000 
u 20 UNEF-2B 0.4500 0.9459 0.9537 0.0078 0.9675 0.9734 0.0059 1.0000 
1 24 NS-2B 0.3750 0.9549 0.9619 0.0070 0.9729 0.9784 0.0055 1.0000 
1 28 UN-2B 0.3214 0.9613 0.9676 0.0063 0.9768 0.9820 0.0052 1.0000 
1 32 NS-2B 0.2812 0.9662 0.9719 0.0057 0.9797 0.9846 0.0049 1.0000 
li 12 UN-2B 0.7500 0.9723 0.9823 0.0100 1.0084 1.0158 0.0074 1.0625 
lie 16 UN-2B 0.5625 0.9948 1.0033 0.0085 1.0219 1.0284 0.0065 1.0625 
YX, 18 NEF-2B 0.5000 1.0024 1.0105 0.0081 1.0264 1.0326 0.0062 1.0625 
1K 10 NS-2B 0.9000 1.0167 1.0287 0.0120 1.0600 1.0680 0.0080 1.1250 
ly 14 NS-2B 0.6429 1.0477 1.0565 0.0088 1.0786 1.0855 0.0069 1.1250 
144 16 UN-2B 0.5625 1.0573 1.0658 0.0085 1.0844 1.0910 0.0066 1.1250 
1% 18 NEF-2B 0.5000 1.0649 1.0730 0.0081 1.0889 1.0951 0.0062 1.1250 
1% 20 UN-2B 0.4500 | 1.0709 | 1.0787 | 0.0078 | 1.0925 | 1.0984 | 0.0059 | 1.1250 
lle 24 NS-2B 0.3750 1.0799 1.0869 0.0070 1.0979 1.1034 0.0055 1.1250 
1% 28 UN-2B 0.3214 1.0863 1.0926 0.0063 1.1018 1.1070 0.0052 1.1250 
1346 12 UN-2B 0.7500 1.0973 1.1073 0.0100 1.1834 1.1409 0.0075 1.1875 
1346 16 UN-2B 0.5625 1.1198 1.1283 0.0085 1.1469 1.1535 0.0066 1.1875 
1346 18 NEF-2B 0.5000 1.1274 1.1355 0.0081 1.1514 1.1577 0.0063 1.1875 
1% 10 NS-2B 0.9000 1.1417 1.1537 0.0120 1.1850 1.1932 0.0082 1.2500 
1% 14 NS-2B 0.6429 | 1.1727 1.1815 0.0088 1.20386 1.2106 0.0070 1.2500 
1% 16 UN-2B 0.5625 1.1823 1.1908 0.0085 1.2094 | 1.2160 0.0066 1.2500 
14% 18 NEF-2B 0.5000 1.1899 | 1.1980 0.0081 1.2139 1.2202 0.0063 1.2500 
1% 20 UN-2B 0.4500 1.1959 1.2037 0.0078 1.2175 1.2236 0.0061 1.2500 
1% 24 NS-2B 0.3750 1.2049 1.2119 0.0070 1.2229 1.2285 0.0056 1.2500 
1546 12 UN-2B 0.7500 1.2223 1.2323 0.0100 1.2584 1.2659 0.0075 1.3125 
146 16 | UN-2B 0.5625 1.2448 | 1.2533 0.0085 1.2719 1.2785 0.0066 1.3125 
154, me t:) | NEF-2B 0.5000 1.2524 1.2605 0.0081 1.2764 1.2827 0.0063 1.3125 


* Applicable to lengths of engagement of from 5 to 15 times the itch, inclusive. 
> British: Effective Diameter. ri 
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SCREW THREADS 307 
TABLE 18c—Class 2B, Selected Combinations of Special Diameter and Pitch—UN, N, NEF, and NS 
DESIGNATION INTERNAL-THREAD LIMITS OF SIZE* 
Minor diameter Pitch diameter 3 
Th d 9X BITCH des 
Size Per tick Thread symbol Limits Limits pated 
Tolerance Tolerance 
Min Max Min Max Min 

13g 10 NS-2B 0.9000 1.2667 1.2787 0.0120 1.3100 1.3182 0.0082 1.3750 
13g 14 NS-2B 0.6429 1.2977 1.3065 0.0088 1.3286 1.3356 0.0070 1.3750 
134 16 UN-2B 0.5625 1.3073 1.3158 0.0085 1.3344 1.3410 0.0066 1.3750 
134 18 NEF-2B 0.5000 1.3149 1.3230 0.0081 1.3389 1.3452 0.0063 1.3750 
“1K, 12 UN-2B 0.7500 1.3473 1.3573 0.0100 1.3834 1.3910 0.0076 1.4875 
lK6 16 UN-2B 0.5625 1.3698 1.3783 0.0085 1.3969 1.4037 0.0068 1.4375 
lKe 18 NEF-2B 0.5000 1.3774 1.3855 0.0081 1.4014 1.4079 0.0065 1.4875 
1% 10 NS-2B 0.9000 1.3917 1.4037 0.0120 | 1.4350 1.4433 0.0083 1.5000 
144 14 NS-2B 0.6429 1.4227 1.4315 0.0088 1.4536 1.4608 0.0072 1.5000 
1% 16 UN-2B 0.5625 1.4323 1.4408 0.0085 1.4594 1.4662 0.0068 1.5000 
1% 18 NEF-2B 0.5000 1.4399 1.4480 0.0081 1.4639 1.4704 0.0065 1.5000 
1% 20 UN-2B 0.4500 1.4459 1.4537 0.0078 1.4675 1.4737 0.0062 1.5000 
1% 24 NS-2B 0.3750 1.4549 1.4619 0.0070 1.4729 1.4787 0.0058 1.5000 
1% 6 16 N-2B 0.5625 1.4948 D030 0.0085 1.5219 1.5287 0.0068 1.5625 
1%6 18 NEF-2B 0.5000 1.5024 1.5105 0.0081 1.5264 1.53829 0.0065 1.5625 
15g 6 NS-2B 1.5000 1.4446 1.4646 0.0200 1.5167 1.5272 0.0105 1.6250 
154 7 NS-2B 1.2857 1.4704 1.4875 0.0171 1.53822 1.5420 0.0098 1.6250 
154 10 NS-2B 0.9000 1.5167 1.5287 0.0120 1.5600 1.5683 0.0083 1.6250 
15g 12 N-2B 0.7500 1.5348 1.5448 0.0100 1.5709 1.5785 0.0076 1.6250 
1% 14 NS-2B 0.6429 1.5477 1.5565 0.0088 1.5786 1.5858 0.0072 1.6250 
15% 16 N-2B 0.5625 125573, 1.5658 0.0085 1.5844 1.5912 0.0068 1.6250 
154 18 NEF-2B 0.5000 1.5649 1.5730 0.0081 1.5889 1.5954 0.0065 1.6250 
154 20 NS-2B 0.4500 1.5709 1.5787 0.0078 1.5925 1.5987 0.0062 1.6250 
15% 24 NS-2B 0.3750 1.5799 1.5869 0.0070 1.5979 1.6037 0.0058 1.6250 
11, 16 N-2B 0.5625 1.6198 1.6283 0.0085 1.6469 1.6538 0.0069 1.6875 
li, 18 NEF-2B 0.5000 1.6274 1.6355 0.0081 1.6514 1.6580 0.0)66 1.6875 
13% 6 NS-2B 1.5000 1.5696 1.5896 0.0200 1.6417 1.6523 0.0106 1.7500 
134 i NS-2B 1.2857 1.5954 1.6125 0.0171 1.6572 1.6671 0.0099 1.7500 
134 8 UN-2B 1.1250 1.6147 1.6297 0.0150 1.6688 1.6781 0.0093 1.7500 
134 10 NS-2B 0.9000 1.6417 1.6537 0.0120 1.6850 1.6934 0.0084 1.7500 
134 12 UN-2B 0.7500 1.6598 1.6698 0.0100 1.6959 1.7037 0.0078 1.7500 
134 14 NS-2B 0.6429 |: 1.6727 1.6815 0.0088 1.7036 1.7109 0.0073 1.7500 
134 16 UNEF-2B 0.5625 1.6823 1.6908 0.0085 1.7094 /1.7163 0.0069 1.7500 
134 18 NS-2B 0.5000 1.6899 1.6980 0.0081 127189: 1.7205 0.0066 1.7500 
1% 20 UN-2B 0.4500 1.6959 1.7037 0.0078 1.7175 1.7238 0.0063 1.7500 
; 1136 16 N-2B 0.5625 1.7448 1.7533 0.0085 1.7719 1.7788 0.0069 1.8125 
1% 6 NS-2B 1.5000 1.6946 1.7146 0.0200 1.7667 Le7773 0.0106 1.8750 
1% 7 NS-2B 1.2857 1.7204 Inno 0.0171 1.7822 1.7921 0.0099 1.8750 
lke 8 NS-2B 1.1250 1.7397 1.7547 0.0150 1.7938 1.8031 0.0093 1.8750 
1% 10 NS-2B 0.9000 1.7667 1.7787 0.0120 1.8100 1.8184 0.0084 1.8750 
1% 12 N-2B 0.7500 1.7848 1.7948 0.0100 1.8209 1.8287 0.0078 1.8750 
1K 14 NS-2B 0.6429 -| 1.7977 1.8065 0.0088 1.8286 1.8359 0.0073 1.8750 
1% 16 N-2B 0.5625 1.8073 1.8158 0.0085 1.8344 1.8413 0.0069 1.8750 
1% 18 NS-2B 0.5000 | 1.8149 1.8230 0.0081 1.8889 1.8455 0.0066 1.8750 
1% 20 NS-2B 0.4500 1.8209 1.8287 0.0078 1.8425 1.8488 0.0063 1.8750 
11%. 16 N-2B 0.5625 1.8698 1.8783 0.0085 1.8969 1.9039 0.0070 1.9375 


* Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 
bBritish: Effective Diameter. 


© For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 
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TABLE 18d—Class 2B, Selected Combinations of Special Diameter and Pitch—UN, N, NEF, and NS 


SCREW THREADS 


DESIGNATION 


Size 


NONNNWNNW YD WD DW 


24 
2% 


29% 
2% 


234 
234 
234 
234 
234 
234 
234 
234 


2% 
2% 


INTERNAL-THREAD LIMITS OF SIZE* 


Minor diameter 


Pitch diameter? 


Threads Thread bol rein Feet & 
. read symbo! Limi Limi 
peek Loe Tolerance Ee Tolerance 
Min Max Min Max Min 
6 NS-2B 1.5000 1.8196 1.8396 0.0200 1.8917 1.9025 0.0108 2.0000 
7 NS-2B 1.2857 1.8454 1.8625 0.0171 1.9072 1.9172 0.0100 2.0000 
8 UN-2B 1.1250 1.8647 1.8797 0.0150 1.9188 1.9282 0.0094 2.0000 
10 NS-2B 0.9000 1.8917 1.9037 0.0120 1.9350 1.9435 0.0085 2.0000 
12 UN-2B 0.7500 1.9098 1.9198 0.0100 1.9459 1.9538 0.0079 2.0000 
14 NS-2B 0.6429 1.9227 1.9315 0.0088 1.9536 1.9610 0.0074 2.0000 
16 UNEF-2B 0.5625 1.9323 1.9408 0.0085 1.9594 1.9664 0.0070 2.0000 
18 NS-2B 0.5000 1.9399 1.9480 0.0081 1.9639 1.9706 0.0067 2.0000 
20 UN-2B 0.4500 1.9459 1.9537 0.0078 1.9675 1.9739 0.0064 2.0000 
16 N-2B 0.5625 1.9948 2.0033 0.0085 2.0219 2.0289 0.0070 2.0625 
12 N-2B 0.7500 2.0348 2.0448 0.0100 2.0709 2.0788 0.0079 2.1250 
16 N-2B 0.5625 2.0573 2.0658 0.0085 2.0844 2.0914 0.0070 2.1250 
16 N-2B 0.5625 2.1198 2.1283 0.0085 2.1469 2.1539 0.0070 2.1875 
6 NS-2B 1.5000 2.0696 2.0896 0.0200 2.1417 2.1525 0.0108 2.2500 
if NS-2B 1.2857 2.0954 2.1125 .| 0.0171 2.1572 2.1672 0.0100 2.2500 
8 UN-2B 1.1250 2.1147 2.1297 0.0150 2.1688 2.1782 0.0094 2.2500 
10 NS-2B 0.9000 2.1417 2.1537 0.0120 2.1850 2.1935 0.0085 2.2500 
12 UN-2B 0.7500 2.1598 2.1698 0.0100 2.1959 2.2038 0.0079 2.2500 
14 NS-2B 0.6429 2.1727 2.1815 0.0088 2.2036 2.2110 0.0074 2.2500 
16 UN-2B 0.5625 2.1823 2.1908 0.0085 2.2094 2.2164 0.0070 2.2500 
18 NS8-2B 0.5000 2.1899 2.1980 0.0081 2.2139 2.2206 0.0067 2.2500 
20 UN-2B 0.4500 2.1959 2.2037 0.0078 22175 2.2239 0.0064 2.2500 
16 N-2B 0.5625 2.2448 2.2533 0.0085 2.2719 2.2791 0.0072 2.3125 
12 N-2B 0.7500 2.2848 2.2948 0.0100 2.3209 2.3290 0.0081 2.3750 
16 N-2B 0.5625 2.3073 2.3158 0.0085 2.3344 2.3416 0.0072 2.3750 
16 N-2B 0.5625 2.3698 2.3783 0.0085 2.3969 2.4041 0.0072 2.43875 
6 NS-2B 1.5000 2.3196 2.3396 0.0200 2.3917 2.4026 0.0109 2.5000 
Uh NS-2B 1.2857 2.3454 2.3625 0.0171 2.4072 2.4174 0.0102 2.5000 
8 UN-2B 1.1250 2.3647 2.3797 0.0150 2.4188 2.4284 0.0096 2.5000 
10 NS$-2B 0.9000 2.3917 2.4037 0.0120 2.4350 2.4437 0.0087 2.5000 
12 UN-2B 0.7500 2.4098 2.4198 0.0100 2.4459 2.4540 0.0081 2.5000 
14 NS8-2B 0.6429 2.4227 2.4315 0.0088 2.4536 2.4612 0.0076 2.5000 
16 UN-2B 0.5625 2.4323 2.4408 0.0085 2.4594 2.4666 0.0072 2.5000 
18 NS-2B 0.5000 2.4399 2.4480 0.0081 2.4639 2.4708 0.0069 2.5000 
20 UN-2B 0.4500 2.4459 2.4537 0.0078 2.4675 2.4741 0.0066 2.5000 
12 N-2B 0.7500 2.5348 2.5448 0.0100 2.5709 2.5790 0.0081 2.6250 
16 N-2B 0.5625 2.5573 2.5658 0.0085 2.5844 2.5916 0.0072 2.6250 
6 NS-2B 1.5000 2.5696 2.5896 0.0200 2.6417 2.6526 0.0109 2.7500 
7 NS-2B 1.2857 2.5954 2.6125 0.0171 2.6572 2.6674 0.0102 2.7500 
8 UN-2B 1.1250 2.6147 2.6297 0.0150 2.6688 2.6784 0.0096 2.7500 
10 NS-2B 0.9000 2.6417 2.6537 0.0120 2.6850 2.6937 0.0087 2.7500 
12 UN-2B 0.7500 | 2.6598 2.6698 0.0100 2.6959 2.7040 0.0081 2.7500 
14 NS-2B 0.6429 2.6727 2.6815 0.0088 2.7036 2.7112 0.0076 2.7500 
16 UN-2B 0.5625 2.6823 2.6908 0.0085 2.7094 2.7166 0.0072 2.7500 
18 NS-2B 0.5000 2.6899 2.6980 0.0081 2.7139 2.7208 0.0069 2.7500 
12 N-2B 0.7500 2.7848 2.7948 0.0100 2.8209 2.8291 0.0082 2.8750 
16 N-2B 0.5625 2.8073 2.8158 0.0085 2.8344 2.8417 0.0073 2.8750 


7 Applicable tolengths of engagement of from 5 to 15 times the pitch, inclusive. 
British: Effective Diameter. 


SCREW THREADS 309 
TABLE 18e—Class 2B, Selected Combinations of Special Diameter and Pitch—UN, N, NEF, and NS 
DESIGNATION INTERNAL-THREAD LIMITS OF SIZE* 
ite Minor diameter Pitch diameter? Maj 
y Major 
Size eee Thread symbol ao ae Limits Limits diameter 
Tolerance Tolerance 
Min Max Min Max Min 

3 6 NS-2B 1.5000 2.8196 2.8396 0.0200 2.8917 2.9028 0.0111 3.0000 
3 uf NS-2B 1.2857 2.8454 2.8625 0.0171 2.9072 2.9176 0.0104 3.0000 
3 8 UN-2B 1.1250 2.8647 2.8797 0.0150 2.9188 2.9286 0.0098 3.0000 
3 10 NS-2B 0.9000 2.8917 2.9037 0.0120 2.9350 2.94389 0.0089 3.0000 
3 12 UN-2B 0.7500 2.9098 2.9198 0.0100 2.9459 2.9541 0.0082 3.0000 
3 14 NS-2B 0.6429 2.9227 2.9315 0.0088 2.9536 2.9613 0.0077 3.0000 
3 16 UN-2B 0.5625 2.9323 2.9408 0.0085 2.9594 2.9667 0.0073 3.0000 
3 18 NS-2B 0.5000 2.9399 2.9480 0.0081 2.9639 2.9709 0.0070 3.0000 
3k 12 N-2B 0.7500 3.0348 3.0448 0.0100 3.0709 3.0791 0.0082 3.1250 
3k 16 N-2B 0.5625 3.0573 3.0658 0.0085 3.0844 3.0917 0.0073 3.1250 
34% 6 NS-2B 1.5000 3.0696 3.0896 0.0200 3.1417 3.1528 0.0111 3.2500 
3% i NS-2B 1.2857 3.0954 3.1125 0.0171 3.1572 3.1676 0.0104 3.2500 
34 8 UN-2B 1.1250 3.1147 3.1297 0.0150 3.1688 3.1786 0.0098 3.2500 
34 10 NS-2B 0.9000 3.1417 3.1537 0.0120 3.1850 3.1939 0.0089 3.2500 
34 12 UN-2B 0.7500 3.1598 3.1698 0.0100 3.1959 3.2041 0.0082 3.2500 
34 14 NS-2B 0.6429 3.1727 3.1815 0.0088 3.2036 3.2113 0.0077 3.2500 
3% 16 UN-2B 0.5625 3.1823 3.1908 0.0085 3.2094 3.2167 0.0073 3.2500 
3% 18 NS-2B 0.5000 3.1899 3.1980 0.0081 3.2139 3.2209 0.0070 3.2500 
33¢ 12 N-2B 0.7500 3.2848 3.2948 0.0100 3.3209 3.3293 0.0084 3.3750 
334 16 N-2B 0.5625 3.3073 3.3158 0.0085 3.3344 3.3419 0.0075 3.3750 
34 6 NS-2B 1.5000 3.3196 3.3396 0.0200 3.3917 3.4030 0.01138 3.5000 
3% @ NS-2B 1.2857 3.3454 3.3625 0.0171 3.4072 3.4177 0.0105 3.5000 
344 8 UN-2B 1.1250 3.3647 3.3797 0.0150 3.4188 3.4287 0.0099 3.5000 
34% 10 NS-2B 0.9000 3.3917 3.4037 0.0120 3.4350 3.4440 0.0090 3.5000 
3% 12 UN-2B 0.7500 3.4098 3.4198 0.0100 3.4459 3.4543 0.0084 3.5000 
34% 14 NS-2B 0.6429 3.4227 3.4315 0.0088 3.4536 3.4615 0.0079 3.5000 
3% 16 UN-2B 0.5625 3.4323 3.4408 0.0085 3.4594 3.4669 0.0075 3.5000 
34 18 NS-2B 0.5000 3.4399 3.4480 0.0081 3.4639 3.4711 0.0072 3.5000 
356 12 N-2B 0.7500 3.5348 3.5448 0.0100 3.5709 3.5793 0.0084 3.6250 
354 16 N-2B 0.5625 3.5573 3.5658 0.0085 3.5844 3.5919 0.0075 3.6250 
334 6 NS-2B 1.5000 3.5696 3.5896 0.0200 3.6417 3.6530 0.01138 3.7500 
334 ih NS-2B 1.2857 3.5954 3.6125 0.0171 3.6572 3.6677 0.0105 3.7500 
334 8 UN-2B 1.1250 | 3.6147 | 3.6297 | 0.0150 | 3.6688 | 3.6787 | 0.0099 | 3.7500 
334 10 NS-2B 0.9000 3.6417 3.6537 0.0120 3.6850 3.6940 0.0090 3.7500 
334 12 UN-2B 0.7500 3.6598 3.6698 0.0100 3.6959 3.7043 0.0084 3.7500 
334 14 NS-2B 0.6429 Oo. 0020 3.6815 0.0088 3.7036 3.7115 0.0079 3.7500 
334 16 UN-2B 0.5625 3.6823 3.6908 0.0085 3.7094 3.7169 0.0075 3.7500 
334 18 NS-2B 0.5000 3.6899 3.6980 0.0081 3.7139 3.7211 0.0072 3.7500 
3% 12 N-2B 0.7500 3.7848 3.7948 0.0100 3.8209 3.8294 0.0085 3.8750 
3% 16 N-2B 0.5625 3.8073 3.8158 0.0085 3.8344 3.8420 0.0076 3.8750 
4 6 NS-2B 1.5000 3.8196 3.8396 0.0200 3.8917 3.9031 0.0114 4.0000 
4 ff NS-2B 1.2857 3.8454 3.8625 0.0171 3.9072 3/9178 0.0106 4.0000 
4 8 UN-2B 1.1250 3.8647 3.8797 0.0150 3.9188 3.9288 0.0100 4.0000 
4 10 NS-2B 0.9000 3.8917 3.9037 0.0120 3.9350 3.9441 0.0091 4.0000 
4 12 UN-2B 0.7500 3.9098 3.9198 0.0100 3.9459 3.9544 0.0085 4.0000 
A 14 NS-2B 0.6429 3.9227 3.9315 0.0088 3.9536 3.9616 0.0080 4.0000 
4 16 UN-2B 0.5625 3.9323 3.9408 0.0085 3.9594 3.9670 0.0076 4.0000 
4\4 4 UN-2B 2.2500 3.9794 4.0094 0.0300 4.0876 4.1014 0.0138 4.2500 
44 6 NS-2B 1.5000 4.0696 4.0896 0.0200 4.1417 4.1531 0.0114 4.2500 
44 Tf NS-2B 1.2857 4.0954 4.1125 0.0171 4.1572 4.1678 0.0106 4.2500 
44 8 UN-2B 1.1250 4.1147 4.1297 0.0150 4.1688 4.1788 0.0100 4.2500 
44 10 NS-2B 0.9000 4.1417 4.1537 0.0120 4.1850 4.1941 0.0091 4.2500 
44 12 UN-2B 0.7500 4.1598 4.1698 0.0100 4.1959 4.2044 0.0085 4.2500 
414 14 NS-2B 0.6429 4.1727 4.1815 0.0088 4.2036 4.2116 0.0080 4.2500 
4% 16 UN-2B 0.5625 4.1823 4.1908 0.0085 4.2094 4.2170 0.0076 4.2500 


p Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 
British: Effective Diameter. 
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SCREW THREADS: 


TABLE 18f—Class 2B, Selected Combinations of Special Diameter and Pitch—UN, N, NEF, and NS 


DESIGNATION 


INTERNAL-THREAD LIMITS OF SIZE* 


Minor diameter 


Pitch diameter 


Ace oe 

Size eek Thread symbol Limits Limits 
Tolerance Tolerance 
Min Max Min Max Min 

44 4 UN-2B 2.2500 4.2294 4.2594 0.0300 4.3376 4.3514 0.0188 4.5000 
4% 6 NS-2B 1.5000 4.3196 4.3396 0.0200 4.3917 4.4031 0.0114 4.5000 
46 Gi NS-2B 1.2857 4.3454 4.3625 0.0171 4.4072 | 4.4178 0.0106 4.5000 
46 8 UN-2B 1.1250 4.3647 4.3797 0.0150 4.4188 4.4288 0.0100 4.5000 
4% 10 NS-2B 0.9000 4.3917 4.4037 0.0120 4.4350 4.4441 0.0091 4.5000 
44% 12 UN-2B 0.7500 4.4098 4.4198 0.0100 4.4459 4.4544 0.0085 4.5000 
4% 14 NS-2B 0.6429 4.4227 4.4315 0.0088 4.4536 4.4616 0.0080 4.5000 
44 16 UN-2B 0.5625 4.4323 4.4408 0.0085 4.4594 4.4670 0.0076 4.5000 
434 4 UN-2B 2.2500 4.4794 4.5094 0.0300 4.5876 4.6016 0.0140 4.7500 
434 6 NS-2B 1.5000 4.5696 4.5896 0.0200 4.6417 4.6533 0.0116 4.7500 
434 7 NS-2B 1.2857 4.5954 4.6125 0.0171 4.6572 4.6681 0.0109 4.7500 
434 8 UN-2B 1.1250 4.6147 4.6297 0.0150 4.6688 | 4.6791 0.0103 4.7500 
434 10 NS-2B 0.9000 4.6417 4.6537 0.0120 4.6850 4.6944 0.0094 4.7500 
434 12 UN-2B 0.7500 4.6598 4.6698 0.0100 4.6959 4.7046 0.0087 4.7500 
434 14 NS-2B 0.6429 4.6727 4.6815 0.0088 4.7036 | 4.7119 0.0083 4.7500 
434 16 UN-2B 0.5625 4.6823 4.6908 0.0085 4.7094 ~“. 4.7173 0.0079 4.7500 
5 4 UN-2B 2.2500 4.7294 4.7594 0.0300 4.8376 4.8516 0.0140 5.0000 
5 6 NS-2B 1.5000 4.8196 4.8396 0.0200 4.8917 4.9033 0.0116 5.0000 
5 7 NS-2B 1.2857 4.8454 4.8625 0.0171 4.9072 4.9181 0.0109 5.0000 
5 8 UN-2B 1.1250 4.8647 4.8797 0.0150 4.9188 4.9291 0.0103 5.0000 
5 10 NS-2B 0.9000 4.8917 4.9037 0.0120 4.9350 4.9444 0.0094 5.0000 
5) 12 UN-2B 0.7500 4.9098 4.9198 0.0100 4.9459 4.9546 0.0087 5.0000 
5 14 NS-2B 0.6429 4.9227 4.9315 0.0088 4.9536 4.9619 0.0083 5.0000 
5 16 UN-2B 0.5625 4.9323 4.9408 0.0085 4.9594 4.9673 0.0079 5.0000 
54 4 UN-2B 2.2500 4.9794 5.0094 0.0300 5.0876 5.1016 0.0140 5.2500 
5% 6 NS-2B 1.5000 5.0696 5.0896 0.0200 5.1417 5. 16388 0.0116 5.2500 
5% 7 NS-2B 1.2857 5.0954 5.1125 0.0171 5.1572 5.1681 0.0109 5.2500 
54% 8 UN-2B 1.1250 5.1147 5.1297 0.0150 5.1688 5.1791 0.0103 5.2500 
5% 10 NS-2B 0.9000 5.1417 5. Loot 0.0120 5.1850 5.1944 0.0094 5.2500 
5% 12 UN-2B 0.7500 5.1598 5.1698 0.0100 5.1959 5.2046 0.0087 5.2500 
54% 14 NS-2B 0.6429 5.1720 5.1815 0.0088 5.2036 5.2119 0.0083 5.2500 
54% 16 UN-2B 0.5625 5.1823 5.1908 0.0085 5.2094 5.2173 0.0079 5.2500 
54% 4 UN-2B 2.2500 5.2294 5.2594 0.0300 5.3376 5.3516 0.0140 5.5000 
54% 6 NS-2B 1.5000 5.3196 5.3396 0.0200 5.3917 5.4033 0.0116 5.5000 
54% 7 NS-2B 1.2857 5.3454 5.3625 0.0171 5.4072 5.4181 0.0109 5.5000 
5% 8 UN-2B 1.1250 5.3647 5.3797 0.0150 5.4188 5.4291 0.0103 5.5000 
5% 10 NS-2B 0.9000 5.3917 5.4037 0.0120 5.4350 5.4444 0.0094 5.5000 
5% 12 UN-2B 0.7500 5.4098 5.4198 0.0100 5.4459 5.4546 0.0087 5.5000 
5% 14 NS-2B 0.6429 5.4227 5.4315 0.0088 5.4536 5.4619 0.0083 5.5000 
5% 16 UN-2B 0.5625 5.4823 5.4408 0.0085 5.4594 5.4673 0.0079 5.5000 
534 4 UN-2B 2.2500 5.4794 5.5094 0.0300 5.5876 5.6018 0.0142 5.7500 
534 6 NS-2B 1.5000 5.5696 5.5896 0.0200 5.6417 5.6535 0.0118 5.7500 
534 uf NS-2B 1.2857 5.5954 5.6125 0.0171 5.6572 5.6683 0.0111 5.7500 
534 8 UN-2B 1.1250 5.6147 5.6297 0.0150 5.6688 5.6793 0.0105 5.7500 
534 10 NS-2B 0.9000 5.6417 5.6537 0.0120 5.6850 5.6946 0.0096 5.7500 
534 12 UN-2B 0.7500 5.6598 5.6698 0.0100 5.6959 5.7049 0.0090 5.7500 
534 14 NS-2B 0.6429 5.6727 5.6815 0.0088 5.7036 5.7121 0.0085 5.7500 
534 16 UN-2B 0.5625 5.6823 5.6908 0.0085 5.7094 5.4178 0.0081 5.7500 
6 4 UN-2B 2.2500 5.7294 5.7594 0.0300 5.8376 5.8518 0.0142 6.0000 
6 6 NS-2B 1.5000 5.8196 5.8396 0.0200 5.8917 5.9035 0.0118 6.0000 
6 7 NS-2 1.2857 5.8454 5.8625 0.0171 5.9072 5.9183 0.0111 6.0000 
6 8 UN-2B 1.1250 5.8647 5.8797 0.0150 5.9188 5.9293 0.0105 6.0000 
6 10 NS-2B 0.9000 5.8917 5.9037 0.0120 5.9350 | 5.9446 0.0096 6.0000 
6 12 UN-2B 0.7500 5.9098 5.9198 0.0100 5.9459 5.9549 0.0090 6.0000 
6 14 NS-2B 0.6429 5.9227 5.9315 0.0088 5.9536 5.9621 0.0085 6.0000 
6 16 UN-2B 0.5625 5.9323 5.9408 0.0085 5.9594 5.9675 0.0081 6.0000 


* Applicable to lengths of engagement of from 5 to 15 times the pitch, inclusive. 
British: Effective Diameter. 


SCREW THREADS 311 


TABLE 19a—Class 2, Selected Combinations of Special Diameter and Pitch—N , NEF, and NS 


| DESIGNATION ° EXTERNAL-THREAD LIMITS OF SIZE q INTERNAL-THREAD EIMITS OF SIZE 
| Size Threads Thread ‘sree paie: aammetce EP earceme ten Minor penn diame USED ae dare 
per inch «symbol - diameter* 
Max Min Max Min Min Max Min Max Min 
| * 

- 10 (0.190) 28 NS-2 0.3214 | 0.1900 | 0.1838 | 0.1668 | 0.1636 | 0.1462 | 0.1513 | 0.1596 | 0.1668 | 0.1700 0.1900 
|! 10 (0.190) 36 NS-2 0.2500 | 0.1900 | 0.1850 | 0.1720 | 0.1691 | 0.1559 | 0.1599 | 0.1646 | 0.1720 0.1749 0.1900 
| 10.(0.190) 40 NS-2 0.2250 | 0.1900 | 0.1852 | 0.1738 | 0.1711 | 0.1593 | 0.1629 | 0.1668 | 0.1738 | 0.1765 0.1900 

| 10: (0.190) 48 NS-2 0.1875 | 0.1900 | 0.1856 | 0.1765 | 0.1739 | 0.1644 | 0.1674 | 0.1707 | 0.1765 0.1791 0.1900 

10 (0.190) 56 NS-2 0.1607 | 0.1900 | 0.1860 | 0.1784 | 0.1760 | 0.1681 | 0.1707 | 0.1738 | 0.1784 | 0.1808 | 0.1900 

| 12 (0.216) . 32 NEF-2 0.2812 | 0.2160 | 0.2106 | 0.1957 | 0.1926 | 0.1777 + 0.1822 | 0.1875 | 0.1957 | 0.1988 0.2160 
| 12 (0.216) 36 NS-2 0.2500 | 0.2160 | 0.2110 | 0.1980 | 0.1951 | 0.1819 | 0.1859 | 0.1901 | 0.1980 | 0.2009 0.2160 
12 (0.216) 40 NS-2 0.2250 | 0.2160 | 0.2112 | 0.1998 | 0.1971 | 0.1853 | 0.1889 | 0.1927 | 0.1998 0.2025 0.2160 

| 12 (0.216) 48 NS8-2 0.1875 | 0.2160 | 0.2116 | 0.2025 | 0.1999 | 0.1904 | 0.1934 | 0.1967 | 0.2025 0.2051 0.2160 
| 12 (0.216) 56 NS-2 0.1607 | 0.2160 | 0.2120 | 0.2044 | 0.2020 | 0.1941 | 0.1967 | 0.1998 | 0.2044 | 0.2068 | 0.2160 
| yy 24 NS-2 0.3750 | 0.2500 | 0.2484 | 0.2229 | 0.2194 | 0.1989 | 0.2049 | 0.2126 | 0.2229 | 0.2264 | 0.2500 
] yy 32 NEF-2 0.2812 | 0.2500 | 0.2446 | 0.2297 | 0.2265 | 0.2117 | 0.2162 | 0.2210 | 0.2297 | 0.2329 | 0.2500 
yy 36 NS-2 0.2500 | 0.2500 | 0.2450 | 0.2320 | 0.2290 | 0.2159 | 0.2199 | 0.2241 | 0.2320 | 0.2350 | 0.2500 

yy 40 NS-2 0.2250 | 0.2500 | 0.2452 | 0.2338 | 0.2309 | 0.2193 | 0.2229 | 0.2267 | 0.2338 | 0.2367 | 0.2500 

yy 48 NS-2 0.1875 | 0.2500 | 0.2456 | 0.2365 | 0.2338 | 0.2244 | 0.2274 | 0.2307 | 0.2365 | 0.2392 | 0.2500 

A 56 NS-2 0.1607 | 0.2500 | 0.2460 | 0.2384 | 0.2358 | 0.2281 | 0.2307 | 0.2338 | 0.2384 | 0.2410 | 0.2500 

| | 46 20 NS-2 0.4500 | 0.3125 | 0.3053 | 0.2800 | 0.2762 | 0.2512 | 0.2584 | 0.2672 | 0.2800 | 0.2838 | 0.3125 
Ke 28 NS-2 0.3214 | 0.3125 | 0.3063 | 0.2893 | 0.2860 | 0.2687 | 0.2738 | 0.2794 | 0.2893 | 0.2926 | 0.3125 

| Ke 32 NEF-2 0.2812 | 0.3125 | 0.3071 | 0.2922 | 0.2889 | 0.2742 | 0.2787 | 0.2835 | 0.2922 | 0.2955 | 0.3125 
He 36 NS-2 0.2500 | 0.3125 | 0.3075 | 0.2945 | 0.2915 | 0.2784 | 0.2824 | 0.2866 | 0.2945 | 0.2975 | 0.3125 
He 40 NS-2 0.2250 | 0.3125 | 0.3077 | 0.2963 | 0.2934 | 0.2818 | 0.2854 | 0.2892 | 0.2963 | 0.2992 | 0.3125 

546 48 NS-2 0.1875 | 0.3125 | 0.3081 | 0.2990 | 0.2963 | 0.2869 | 0.2899 | 0.2932 | 0.2990 | 0.3017 | 0.3125 

| 3% 18 NS-2 0.5000 | 0.3750 | 0.3668 | 0.3389 | 0.3347 | 0.3068 | 0.3149 | 0.3240 | 0.3389 | 0.3431 0.3750 
34 20 NS-2 0.4500 | 0.3750 | 0.3678 | 0.3425 | 0.3384 | 0.3137 | 0.3209 | 0.3284 | 0.3425 | 0.3466 | 0.3750 

34 28 NS-2 0.3214 | 0.3750 | 0.3688 | 0.3518 | 0.3483 | 0.3312 | 0.3363 | 0.3419 | 0.3518 | 0.3553 | 0.3750 
3¢ 32 NEF-2 0.2812 | 0.3750 | 0.3696 | 0.3547 | 0.3513 | 0.3367 | 0.3412 | 0.3460 | 0.3547 | 0.3581 0.3750 

3¢ 40 NS-2 0.2250 | 0.3750 | 0.3702 | 0.3588 | ‘0.3557 | 0.3443 | 0.3479 | 0.3517 | 0.3588 | 0.3619 | 0.3750 

Ye 16 NS-2 0.5625 | 0.4375 | 0.4285 | 0.3969 | 0.3924 | 0.3608 | 0.3698 | 0.3795 | 0.3969 | 0.4014 | 0.4375 

46 18 NS-2 0.5000 | 0.4375 | 0.4293 | 0.4014 | 0.3972 | 0.3693 | 0.3774 | 0.3852 | 0.4014 | 0.4056 0.4875 

Ke 24 NS-2 0.3750 | 0.4875 | 0.4309 | 0.4104 | 0.4066 | 0.3864 | 0.3924 | 0.3988 | 0.4104 | 0.4142 0.4375 

Ke 28 NEF-2 0.3214 | 0.4375 | 0.4313 | 0.4143 | 0.4107 | 0.3937 | 0.3988 | 0.4044 | 0.4143 | 0.4179 | 0.4375 

Ke 32 NS-2 0.2812 | 0.4375 | 0.4321 | 0.4172 | 0.4138 | 0.3992 | 0.4037 | 0.4085 | 0.4172 | 0.4206 | 0.4375 

| y% 12 N-2 0.7500 | 0.5000 | 0.4888 | 0.4459 | 0.4403 | 0.3978 | 0.4098 | 0.4225 | 0.4459 | 0.4515 | 0.5000 
| ly 14 NS-2 0.6429 | 0.5000 | 0.4902 | 0.4536 | 0.4487 | 0.4124 | 0.4227 | 0.4336 | 0.4536 | 0.4585 | 0.5000 
| A 16 NS8-2 0.5625 | 0.5000 | 0.4910 | 0.4594 | 0.4547 | 0.4233 | 0.4323 | 0.4407 | 0.4594 | 0.4641 0.5000 
| A 18 NS-2 0.5000 | 0.5000 | 0.4918 | 0.4639 | 0.4595 | 0.4318 | 0.4399 | 0.4475 | 0.4639 | 0.4683 | 0.5000 
| 4 24 NS-2 0.3750 | 0.5000 | 0.4934 | 0.4729 | 0.4689 | 0.4489 | 0.4549 | 0.4613 | 0.4729 | 0.4769 | 0.5000 
| % 28 NEF-2 0.3214 | 0.5000 | 0.4938 | 0.4768 | 0.4731 | 0.4562 | 0.4613 | 0.4669 | 0.4768 | 0.4805 | 0.5000 
| lg 32 NS-2 0.2812 | 0.5000 | 0.4946 | 0.4797 | 0.4761 | 0.4617 | 0.4662 | 0.4710 | 0.4797 | 0.4833 | 0.5000 
| Ne 12 N-2 0.7500 | 0.5625 | 0.5513 | 0.5084 | 0.5028 | 0.4603 | 0.4723 | 0.4850 | 0.5084 | 0.5140 | 0.5625 
Ke 14 N§S-2 0.6429 | 0.5625 | 0.5527 | 0.5161 | 0.5112 | 0.4749 | 0.4852 | 0.4949 | 0.5161 | 0.5210 0.5625 

\ Ke 16 NS-2 0.5625 | 0.5625 | 0.5535 | 0.5219 | 0.5172 | 0.4858 | 0.4948 | 0.5029 | 0.5219 | 0.5266 0.5625 
%e6 20°. 4: NS-2 0.4500 | 0.5625 | 0.5553 | 0.5300 | 0.5258 | 0.5012 | 0.5084 | 0.5156 | 0.5300 | 0.5342 | 0.5625 
i %6 24 NEF-2 0.3750 | 0.5625 | 0.5559 | 0.5354 | 0.5314 | 0.5114 | 0.5174 | 0.5239,! 0.5354 | 0.5394 0.5625 
Ke 28 NS-2 0.3214 | 0.5625 | 0.5563 | 0.5393 | 0.5356 | 0.5187 | 0.5238 | 0.5294'| 0.5393 | 0.5480 | 0.5625 
Ke 32 NS-2 0.2812 | 0.5625 | 0.5571 | 0.5422 | 0.5386 | 0.5242 | 0.5287 | 0.5335 | 0.5422 | 0.5458 | 0.5625 

54 ty 12 N-2 0.7500 | 0.6250 | 0.6138 | 0.5709 | 0.5653 | 0.5228 | 0.5348 | 0.5438 | 0.5709 | 0.5765 0.6250 

5g: 14 NS-2 0.6429 | 0.6250 | 0.6152 | 0.5786 | 0.5735 | 0.5374 | 0.5477 | 0.5562 | 0.5786 | 0.5837 0.6250 

5% 16 NS-2 0.5625 | 0.6250 | 0.6160 | 0.5844 | 0.5796 | 0.5483 | 0.5573 | 0.5654 | 0.5844 | 0.5892 0.6250 

i 54 20 NS-2 0.4500 | 0.6250 | 0.6178 | 0.5925 | 0.5881 | 0.5637 | 0.5709 | 0.5781 | 0.5925 | 0.5969 0.6250 

\ 54 /, 24 NEF-2 0.3750 | 0.6250 | 0.6184 | 0.5979 | 0.5938 | 0.5739 | 0.5799 | 0.5864 | 0.5979 | 0.6020 | 0.6250 

: % 28 NS-2 0.3214 | 0.6250 | 0.6188 | 0.6018 | 0.5979 | 0.5812 | 0.5863 | 0.5919 | 0.6018 | 0.6057 0.6250 

5g 32 NS-2 0.2812 | 0.6250 | 0.6196 | 0.6047 | 0.6010 | 0.5867 | 0.5912 | 0.5960 | 0.6047 | 0.6084 0.6250 

16 12 N-2 0.7500 | 0.6875 | 0.6763 | 0.6334 | 0.6278 | 0.5853 | 0.5973 | 0.6063 | 0.6334 | 0.6390 0.6875 

1, 24 NEF-2 0.3750 | 0.6875 | 0.6809 | 0.6604 | 0.6563 | 0.6364 | 0.6424 | 0.6489 | 0.6604 | 0.6645 | 0.6875 
® See Fig. 1. 


ld 


312 SCREW THREADS 
TABLE 19b—Class 2, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 
DESIGNATION > EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE 
Le, 9 X Major diameter Pitch diameter Minor diameter Pitch diameter Major 

PITCH i diameter 

12 ea aa aiarneter® Z 

Max Min Max Min Min Max Min Max Min 
34 12 N-2 0.7500 | 0.7500 | 0.7388 | 0.6959 | 0.6903 | 0.6478 | 0.6598 | 0.6688 | 0.6959 | 0.7015 | 0.7500 
34 14 NS-2 0.6429 | 0.7500 | 0.7402 | 0.7036 | 0.6983 | 0.6624 | 0.6727 | 0.6812 | 0.7036 | 0.7089 | 0.7500 
» 34 16 N-2 0.5625 | 0.7500 | 0.7410 | 0.7094 | 0.7049 | 0.6733 | 0.6823 | 0.6903 | 0.7094 | 0.7139 | 0.7500 
34 18 NS-2 0.5000 | 0.7500 | 0.7418 | 0.7139 | 0.7091 | 0.6818 | 0.6899 | 0.6975 | 0.7139 | 0.7187 | 0.7500 
34 20 NEF-2 0.4500 | 0.7500 | 0.7428 | 0.7175 | 0.7129 | 0.6887 | 0.6959 | 0.7031 | 0.7175 | 0.7221 0.7500 
34 24 NS-2 0.3750 | 0.7500 | 0.74384 | 0.7229 | 0.7186 | 0.6989 | 0.7049 | 0.7113 | 0.7229 | 0.7272 | 0.7500 
34 28 NS- 0.3214 | 0.7500 | 0.7488 | 0.7268 | 0.7228 | 0.7062 | 0.7113 | 0.7169 | 0.7268 | 0.7308 | 0.7500 
3% 32 NS-2 0.2812 | 0.7500 | 0.7446 | 0.7297 | 0.7258 | 0.7117 | 0.7162 | 0.7210 | 0.7297 | 0.7336 | 0.7500 
13/6 12 N-2 0.7500 | 0.8125 | 0.8013 | 0.7584 | 0.7528 | 0.7103 | 0.7223 | 0.7313 | 0.7584 | 0.7640 | 0.8125 
1346 16 N-2 0.5625 | 0.8125 | 0.8035 | 0.7719 | 0.7668 | 0.7358 | 0.7448 | 0.7528 | 0.7719 | 0.7770 | 0.8125 
1346 20 NEF-2 0.4500 | 0.8125 | 0.8053 | 0.7800 | 0.7754 | 0.7512 | 0.7584 | 0.7656 | 0.7800 | 0.7846 | 0.8125 
ws 10 NS-2 0.9000 | 0.8750 | 0.8622 | 0.8100 | 0.8039 | 0.7523 | 0.7667 | 0.7776 | 0.8100 | 0.8161 0.8750 
% 12 N-2 0.7500 | 0.8750 | 0.8638 | 0.8209 | 0.8153 | 0.7728 | 0.7848 | 0.7938 | 0.8209 | 0.8265 | 0.8750 
B74 16 N-2 0.5625 | 0.8750 | 0.8660 | 0.8344 | 0.8293 | 0.7983 | 0.8073 | 0.8153 | 0.8344 | 0.8395 | 0.8750 
i K 18 NS-2 0.5000 | 0.8750 | 0.8668 | 0.8389 | 0.8341 | 0.8068 | 0.8149 | 0.8225 | 0.8389 | 0.8437 | 0.8750 
4 20 NEF-2 0.4500 | 0.8750 | 0.8678 | 0.8425 | 0.8378 | 0.8137 | 0.8209 | 0.8281 | 0.8425 | 0.8472 | 0.8750 
% 24 NS-2 0.3750 | 0.8750 | 0.8684 | 0.8479 | 0.8486 | 0.8239 | 0.8299 -7 0.8363 | 0.8479 | 0.8522 | 0.8750 
% 28 NS-2 0.3214 | 0.8750 | 0.8688 | 0.8518 | 0.8478 | 0.8312 | 0.8363 | 0.8419 | 0.8518 | 0.8558 | 0.8750 
% 32 NS-2 0.2812 | 0.8750 | 0.8696 | 0.8547 | 0.8508 | 0.8867 | 0.8412 | 0.8460 | 0.8547 | 0.8586 | 0.8750 
146 12 N-2 0.7500 | 0.9375 | 0.9263 | 0.8834 | 0.8778 | 0.8858 | 0.8473 | 0.8563 | 0.8834 | 0.8890 | 0.93875 
146 16 N-2 0.5625 | 0.9875 | 0.9285 | 0.8969 | 0.8917 | 0.8608 | 0.8698 | 0.8778 | 0.8969 | 0.9021 0.9375 
1544 20 NEF-2 0.4500 | 0.9375-| 0.9303 | 0.9050 | 0.9003 | 0.8762 | 0.8834 | 0.8906 | 0.9050 | 0.9097 | 0.9375 
1 10 NS-2 0.9000 | 1.0000 | 0.9872 | 0.9350 | 0.9286 | 0.8773 | 0.8917 | 0.9025 | 0.9350 | 0.9414 1.0000 
1 12 N-2 0.7500 | 1.0000 | 0.9888 | 0.9459 | 0.9403 | 0.8978 | 0.9098 | 0.9188 | 0.9459 | 0.9515 1.0000 
1 16 N-2 0.5625 | 1.0000 | 0.9910 | 0.9594 | 0.9542 | 0.9233 | 0.93823 | 0.9403 | 0.9594 | 0.9646 1.0000 
1 18 NS-2 0.5000 | 1.0000 | 0.9918 | 0.9639 | 0.9589 | 0.9318 | 0.9399 | 0.9475 | 0.9639 | 0.9689 1.0000 
1 20 NEF-2 0.4500 | 1.0000 | 0.9928") 0.9675 | 0.9627 | 0.9387 | 0.9459 | 0.9531 | 0.9675 | 0.9723 1.0000 
1 24 NS-2 0.3750 | 1.0000 | 0.9934 | 0.9729 | 0.9684 | 0.9489 | 0.9549 | 0.9613 | 0.9729 | 0.9774 1.0000 
1 28 NS-2 0.3214 | 1.0000 | 0.9938 |'0.9768 | 0.9725 | 0.9562 | 0.9613 | 0.9669 | 0.9768 | 0.9811 1.0000 
1 32 NS-2 0.2812 | 1.0000 | 0.9946 | 0.9797 | 0.9756 | 0.9617 | 0.9662 | 0.9710 | 0.9797 | 0.9838 1.0000 
le 1 N-2 0.7500 | 1.0625 | 1.0513 | 1.0084 | 1.0028 | 0.9603 | 0.9723 | 0.9813 | 1.0084 | 1.0140 1.0625 
16 16 N-2 0.5625 | 1.0625 | 1.0535 | 1.0219 | 1.0166 | 0.9858 | 0.9948 | 1.0028 | 1.0219 | 1.0272 1.0625 
le 18 NEF-2 0.5000 | 1.0625 | 1.0548 | 1.0264 | 1.0213 | 0.9948 | 1.0024 | 1.0100 | 1.0264 | 1.0315 1.0625 
1% gb N-2 1.1250 | 1.1250 | 1.1098 | 1.0488 | 1.0368 | 0.9716 | 0.9897 | 1.0032 | 1.04388 | 1.0508 1.1250 
1K 10 NS-2 0.9000 | 1.1250 | 1.1122 | 1.0600 | 1.0536 | 1.0023 | 1.0167 | 1.0275 | 1.0600 | 1.0664 1.1250 
1k 12 N-2 0.7500 | 1.1250 | 1.1188 | 1.0709 | 1.0653 | 1.0228 | 1.0348 | 1.0488 | 1.0709 | 1.0765 1.1250 
Wk, 14 NS-2 0.6429 | 1.1250 | 1.1152 | 1.0786 | 1.0731 | 1.0874 | 1.0477 | 1.0562 | 1.0786 | 1.0841 1.1250 
1k 16 N-2 0.5625 | 1.1250 | 1.1160 | 1.0844 | 1.0790 | 1.0483 | 1.0573 | 1.0653 | 1.0844 | 1.0898 1.1250 
ners 18 NEF-2 0.5000 | 1.1250 | 1.1168 | 1.0889 | 1.0837 | 1.0568 | 1.0649 | 1.0725 | 1.0889 | 1.0941 1.1250 
1g 20 NS-2 0.4500 | 1.1250 | 1.1178 | 1.0925 | 1.0877 | 1.0637 | 1.0709 | 1.0781 | 1.0925 | 1.0973 1.1250 
1% 24 NS-2 0.3750 | 1.1250 | 1.1184 | 1.0979 | 1.0934 | 1.0739 | 1.0799 | 1.0863 | 1.0979 | 1.1024 1.1250 
1% 28 NS-2 0.3214 | 1.1250 | 1.1188 | 1.1018 | 1.0975 | 1.0812 | 1.0863 | 1.0919 | 1.1018 | 1.1061 1.1250 
13% 6) 12 N-2 0.7500 | 1.1875 | 1.1763 | 1.1334 | 1.1278 | 1.0853 | 1.0973 | 1.1063 | 1.1334 | 1.1390 1.1875 
1346 16 N-2 0.5625 | 1.1875 | 1.1785 | 1.1469 | 1.1415 | 1.1108 | 1.1198 | 1.1278 | 1.1469 | 1.1523 1.1875 
1346 18 NEF-2 0.5000 | 1.1875 | 1.1793 | 1.1514 | 1.1462 | 1.1193 | 1.1274 | 1.1350 | 1.1514 | 1.1566 1.1875 
1}4 8P N-2 1.1250 | 1.2500 | 1.2348 | 1.1688 | 1.1615 | 1.0966 | 1.1147 | 1.1282 | 1.1688 | 1.1761 1.2500 
1% 10 NS-2 0.9000 | 1.2500 | 1.2372 | 1.1850 | 1.1784 | 1.1273 | 1.1417 | 1.1525 | 1.1850 | 1.1916 1.2500 
1% 12 N-2 0.7500 | 1.2500 | 1.2388 | 1.1959 | 1.1903 | 1.1478 | 1.1598 | 1.1688 | 1.1959 | 1.2015 1. 2500 
14 14 NS-2 0.6429 | 1.2500 | 1.2402 | 1.2036 | 1.1978 | 1.1624 | 1.1727 | 1.1812 | 1.2036 | 1.2094 1.2500 
1% 16 N-2 0.5625 | 1.2500 | 1.2410 | 1.2094 | 1.2039 | 1.1733 | 1.1823 | 1.1903 | 1.2094 | 1.2149 1.2500 
1% 18 NEF-2 0.5000 | 1.2500 | 1.2418 | 1.2139 | 1.2086 | 1.1818 | 1.1899 | 1.1975 | 1.21389 | 1.2192 1.2500 
1% 20 NS-2 0.4500 | 1.2500 | 1.2428 | 1.2175 | 1.2124 | 1.1887 | 1.1959 | 1.2031 | 1.2175 | 1.2226 1.2500 
1% 24 NS-2 0.3750 | 1.2500 | 1.2434 | 1.2229 | 1.2181 | 1.1989 | 1.2049 | 1.2113. | 1.2229 | 1.2277 1.2500 
146 12 N-2 0.7500 | 1.8125 | 1.3013 | 1.2584 | 1.2528 | 1.2103 | 1.2223 | 1.2313 | 1.2584 | 1.2640 | 1.3125 
146 16 N-2 0.5625 | 1.3125 | 1.3035 | 1.2719 | 1.2664 | 1.2858 | 1.2448 | 1.2528 | 1.2719 | 1.2774 1 3125 
1%{6 18 NEF-2 0.5000 | 1.3125 | 1.3043 | 1.2764 | 1.2711 | 1.2443 | 1.2524 | 1.2600 | 1.2764 | 1.2817 1.3125 
® See Fig. 1. 


For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 
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TABLE 19c—Class 2, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 


DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE 
Le, 9 X Maj = * = . 3 5 é Major 
: Threads Thread PITCH ajor diameter Pitch diameter Minor Minor diameter Pitch diameter aaweter 
Size per inch symbol diameter* — 
Max Min Max Min Min Max Min Max Min 
134 8 NS-2 1.1250 | 1.3750 | 1.3598 | 1.2938 | 1.2865 | 1.2216 | 1.2397 | 1.2532 | 1.2938 | 1.3011 | 1.3750 
134 10 NS-2 0.9000 | 1.3750 | 1.3622 | 1.3100 | 1.3034 | 1.2523 | 1.2667 | 1.2775 | 1.3100 | 1.3166 | 1.3750 
134 12 N-2 0.7500 | 1.3750 | 1.3638 | 1.3209 | 1.3153 | 1.2728 | 1.2848 | 1.2938 | 1.3209 | 1.3265 | 1.3750 
134 14 NS-2 0.6429 | 1.3750 | 1.3652 | 1.3286 | 1.3228 | 1.2874 | 1.2977 | 1.38062 | 1.3286 | 1.3344 | 1.3750 
134 16 N-2 0.5625 | 1.3750 | 1.3660 | 1.3344 | 1.3288 | 1.2983 | 1.3073 | 1.3153 | 1.3344 | 1.3400 | 1.3750 
134 18 NEF-2 |,0.5000 | 1.3750 | 1.2668 | 1.3389 | 1.3335 | 1.3068 | 1.3149 | 1.3225 | 1.3889 | 1.3443 | 1.3750 
13g 20 NS-2 0.4500 | 1.3750 | 1.3678 | 1.3425 | 1.3374 | 1.3137 | 1.3209 | 1.3281 | 1.3425 | 1.3476 | 1.3750 
134 24 NS-2 0.3750 | 1.3750 | 1.3684 | 1.3479 | 1.3431 | 1.3239 | 1.3299 | 1.3363 | 1.3479 | 1.3527 | 1.3750 
1K6 12 N-2 0.7500 | 1.4375 | 1.4263 | 1.3834 | 1.3778 | 1.3353 | 1.3473 | 1.3563 | 1.3834 | 1.3890 | 1.4375 
liK6 16 N-2 0.5625 | 1.4875 | 1.4285 | 1.3969 | 1.3913 | 1.3608 | 1.3698 | 1.3778 | 1.3969 | 1.4025 | 1.4375 
1% 18 NEF-2 | 0.5000 | 1.4375 | 1.4293 | 1.4014 | 1.3960 | 1.3693 | 1.3774 | 1.3850 | 1.4014 | 1.4068 | 1.4375 
14 8 NS-2 1.1250 | 1.5000 | 1.4848 | 1.4188 | 1.4113 | 1.3466 | 1.3647 | 1.3782 | 1.4188 | 1.4263 | 1.5000 
14 10 NS-2 0.9000 | 1.5000 | 1.4872 | 1.4850 | 1.4282 | 1.3773 | 1.3917 | 1.4025 | 1.4350 | 1.4418 | 1.5000 
14% 12 N-2 0.7500 | 1.5000 | 1.4888 | 1.4459 | 1.4403 | 1.3978 | 1.4098 | 1.4188 | 1.4459 | 1.4515 | 1.5000 
1% 14 NS-2 0.6429 | 1.5000 | 1.4902 | 1.4536 | 1.4476 | 1.4124 | 1.4227 | 1.4812 | 1.4536 | 1.4596 | 1.5000 
1% 16 N-2 0.5625 | 1.5000 | 1.4910 | 1.4594 | 1.4537 | 1.4233 | 1.4323 | 1.4403 | 1.4594 | 1.4651 | 1.5000 
1% 18 NEF-2 | 0.5000 | 1.5000 | 1.4918 | 1.4639 | 1.4584 | 1.4318 | 1.4899 | 1.4475 | 1.4639 | 1.4694 | 1.5000 
; 1% 20 NS-2 0.4500 | 1.5000 | 1.4928 | 1.4675 | 1.4622 | 1.4387 | 1.4459 | 1.4531 | 1.4675 | 1.4728 | 1.5000 
14% 24 NS-2 0.3750 | 1.5000 | 1.4934 | 1.4729 | 1.4679 | 1.4489 | 1.4549 | 1.4613 | 1.4729 | 1.4779 | 1.5000 
1% 6 16 N-2 0.5625 | 1.5625 | 1.5535 | 1.5219 | 1.5161 | 1.4858 | 1.4948 | 1.5028 | 1.5219 | 1.5277 | 1.5625 
1% 6 18 NEF-2 | 0.5000 | 1.5625 | 1.5543 | 1.5264 | 1.5209 | 1.4943 | 1.5024 | 1.5100 | 1.5264 | 1.5319 | 1.5625 
154 6 NS8-2 1.5000 | 1.6250 | 1.6048 | 1.5167 | 1.5082 | 1.4205 | 1.4446 | 1.4626 | 1.5167 | 1.5252 | 1.6250 
154 7 NS-2 1.2857 | 1.6250 | 1.6080 | 1.5322 | 1.5243 | 1.4497 | 1.4704 | 1.4859 | 1.5822 | 1.5401 | 1.6250 
154 8 NS-2 1.1250 | 1.6250 | 1.6098 | 1.5488 | 1.5363 | 1.4716 | 1.4897 | 1.5032 | 1.5488 | 1.5513 | 1.6250 
15 10 NS-2 0.9000 | 1.6250 | 1.6122 | 1.5600 | 1.5532 | 1.5023 | 1.5167 | 1.5275 | 1.5600 | 1.5668 | 1.6250 
154 12 N-2 0.7500 | 1.6250 | 1.6188 | 1.5709 | 1.5645 | 1.5228 | 1.5348 | 1.5438 | 1.5709 | 1.5773 | 1.6250 
154 14 NS-2 0.6429 | 1.6250 | 1.6152 | 1.5786 | 1.5726 | 1.5374 | 1.5477 | 1.5562 | 1.5786 | 1.5846 | 1.6250 
154 16 N-2 0.5625 | 1.6250 | 1.6160 | 1.5844 | 1.5786 | 1.5483 | 1.5573 | 1.5653 | 1.5844 | 1.5902 | 1.6250 
15g 18 NEF-2 | 0.5000 | 1.6250 | 1.6168 | 1.5889 | 1.5833 | 1.5568 | 1.5649 | 1.5725 | 1.5889 | 1.5945 | 1.6250 
15% 20 NS-2 0.4500 | 1.6250 | 1.6178 | 1.5925 | 1.5872 | 1.5637 | 1.5709 | 1.5781 | 1.5925 | 1.5978 | 1.6250 
154 24 NS-2 0.3750 | 1.6250 | 1.6184 | 1.5979 | 1.5929 | 1.5739 | 1.5799 | 1.5863 | 1.5979 | 1.6029 | 1.6250 
Illi, 16 N-2 0.5625 | 1.6875 | 1.6785 | 1.6469 | 1.6411 | 1.6108 | 1.6198 | 1.6278 | 1.6469 | 1.6527 | 1.6875 
116 18 NEF-2 | 0.5000 | 1.6875 | 1.6793 | 1.6514 | 1.6458 | 1.6193 | 1.6274 | 1.6350 | 1.6514 | 1.6570 | 1.6875 
134 6 NS-2 1.5000 | 1.7500 | 1.7298 | 1.6417 | 1.6330 | 1.5455 | 1.5696 | 1.5876 | 1.6417 | 1.6504 | 1.7500 
1% id NS-2 1.2857 | 1.7500 | 1.7330 | 1.6572 | 1.6491 | 1.5747 | 1.5954 | 1.6109 | 1.6572 | 1.6653 | 1.7500 
134 8 NS-2 1.1250 | 1.7500 | 1.7848 | 1.6688 | 1.6611 | 1.5966 | 1.6147 | 1.6282 | 1.6688 | 1.6765 | 1.7500 
134 10 NS8-2 0.9000 | 1.7500 | 1.7372 | 1.6850 | 1.6780 | 1.6273 | 1.6417 | 1.6525 | 1.6850 | 1.6920 | 1.7500 
1%4 12 N-2 0.7500 | 1.7500 | 1.7388 | 1.6959 | 1.6894 | 1.6478 | 1.6598 | 1.6688 | 1.6959 | 1.7024 | 1.7500 
134 14 NS-2 0.6429 | 1.7500 | 1.7402 | 1.7036 | 1.6974 | 1.6624 | 1.6727 | 1.6812 | 1.7036 | 1.7098 | 1.7500 
1% 16 No} | 90-5625 | 1.7500 | 1.7410 | 1.7094 | 1.7035 | 1.6733 | 1.6823 | 1.6903 | 1.7094 | 1.7158 | 1.7500 
134 18 NS-2 0.5000 | 1.7500 | 1.7418 | 1.7139 | 1.7082 | 1.6818 | 1.6899 | 1.6975 | 1.7139 | 1.7196 | 1.7500 
134 20 NS-2 0.4500 | 1.7500 | 1.7428 | 1.7175 | 1.7120 | 1.6887 | 1.6959 | 1.7031 | 1.7175 | 1.7230 | 1.7500 
113/¢ 16 N-2 0.5625 | 1.8125 | 1.8085 | 1.7719 | 1.7660 | 1.7358 | 1.7448 | 1.7528 | 1.7719 | 1.7778 | 1.8125 
1% 6 NS-2 1.5000 | 1.8750 | 1.8548 | 1.7667 | 1.7580 | 1.6705 | 1.6946 | 1.7126 | 1.7667 | 1.7754 | 1.8750 
1% 7 NS-2 1.2857 | 1.8750 | 1.8580 | 1.7822 | 1.7741 | 1.6997 | 1.7204 | 1.7359 | 1.7822 | 1.7903 | 1.8750 
1% 8 N8-2 1.1250 | 1.8750 | 1.8598 | 1.7988 | 1.7861 | 1.7216 | 1.7397 | 1.7532 | 1.7988 | 1.8015 | 1.8750 
1% 10 NS-2 0.9000 | 1.8750 | 1.8622 | 1.8100 | 1.8080 | 1.7523 | 1.7667 | 1.7775 | 1.8100 | 1.8170 | 1.8750 
1% 12 N-2 0.7500 | 1.8750 | 1.8638 | 1.8209 | 1.8148 | 1.7728 | 1.7848 | 1.7938 | 1.8209 | 1.8275 | 1.8750 
1} 14 N8-2 0.6429 | 1.8750 | 1.8652 | 1.8286 | 1.8224 | 1.7874 | 1.7977 | 1.8062 | 1.8286 | 1.8348 | 1.8750 
1% 16 N-2 0.5625 | 1.8750 | 1.8660 | 1.8344 | 1.8284 | 1.7983 | 1.8073 | 1.8153 | 1.8344 | 1.8404 | 1.8750 
1% 18 NS-2 0.5000 | 1.8750 | 1.8668 | 1.8389 | 1.8332 | 1.8068 | 1.8149 | 1.8225 | 1.8389 | 1.8446 | 1.8750 
1% 20 NS-2 0.4500 | 1.8750 | 1.8678 | 1.8425 | 1.8370 | 1.8187 | 1.8209 | 1.8281 | 1.8425 | 1.8480 | 1.8750 
1146 16 N-2 0.5625 | 1.9375 | 1.9285 | 1.8969 | 1.8909 | 1.8608 | 1.8698 | 1.8778 | 1.8969 | 1.9029 | 1.9875 
* See Fig. 1 


> For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 


314 SCREW THREADS 


TABLE 19d—Class 2, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 


DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE } 

: seam airtad pe Major diameter Pitch diameter Minor Minor diameter Pitch diameter jute , 

Size per inch symbol 5 diameter® |— 

Max Min Max Min Min Max Min Max | Min 

2 6 NS-2 1.5000 | 2.0000 | 1.9798 | 1.8917 | 1.8828 | 1.7955 1.8196 | 1.8376 | 1.8917 | 1.9006 2.0000 
2 di NS8-2 1.2857 | 2.0000 | 1.9830 | 1.9072 | 1.8989 | 1.8247 | 1.8454 | 1.8609 1.9072 | 1.9155 2.0000 
2, 8> NS-2 1.1250 | 2.0000 | 1.9848 | 1.9188 | 1.9109 | 1.8466 1.8647 | 1.8782 | 1.9188 | 1.9267 2.0000 
2 10 NS-2 0.9000 | 2.0000 | 1.9872 | 1.9350 | 1.9278 1.8773 | 1.8917 | 1.9025 | 1.9350 | 1.9422 2.0000 
2 12 N-2 0.7500 | 2.0000 | 1.9888 | 1.9459 | 1.9392 1.8978 | 1.9098 | 1.9188 | 1.9459 | 1.9526 2.0000 
2 14 NS-2 0.6429 | 2.0000 | 1.9902 | 1.9536 | 1.9472 | 1.9124 1.9227 | 1.9312 | 1.9536 | 1.9600 2.0000 
2 16 {NEF-2\ | 0.5005 | 2.0000 | 1.9010 | 1.9594 | 1.9588 | 1.9288 | 1.9828 | 1.9403 | 1.9504 | 1.9665 | 2.0000 
Z 18 NS-2 0.5000 | 2.0000 | 1.9918 | 1.9639 | 1.9581 1.9318 | 1.9399 | 1.9475 | 1.9639 | 1.9697 2.0000 
2 20 NS-2 0.4500 | 2.0000 | 1.9928 | 1.9675 | 1.9618 1.9387 | 1.9459 | 1.9531 | 1.9675 | 1.9732 2.0000 
26 16 N-2 0.5625 | 2.0625 | 2.0535 | 2.0219 | 2.0158 | 1.9858 | 1 9948 | 2.0028 | 2.0219 | 2.0280 2.0625 
2 12 N-2 0.7500 | 2.1250 | 2.1138 | 2.0709 | 2.0641 | 2 0228 | 2.0348 | 2.0438 | 2.0709 | 2.0777 2.1250 
2% 16 N-2 0.5625 | 2.1250 | 2.1160 | 2.0844 | 2.0782 | 2 0483 | 2.0573 | 2.0653 | 2.0844 | 2.0906 2.1250 
2346 16 N-2 0.5625 | 2.1875 | 2.1785 |.2.1469 | 2.1407 | 2.1108 2.1198 | 2.1278 | 2.1469 | 2.1531 2.1875 
214 6 NS-2 1.5000 | 2.2500 | 2.2298 | 2.1417 | 2.1328 | 2.0455 2.0696 | 2.0876 | 2.1417 | 2.1506 2.2500 
2% 7 NS-2 1.2857 | 2.2500 | 2.2330 | 2.1572 | 2.1489 | 2.0747 | 2 0954 | 2.1109 | 2.1572 | 2.1655 2.2500 
24% gp NS-2 1.1250 | 2.2500 | 2.2348 | 2.1688 | 2.1609 | 2.0966 | 2 1147 | 2.1282 | 2.1688 | 2.1767 2.2500 
4 10 NS-2 0.9000 | 2.2500 | 2.2372 | 2.1850 | 2.1778 | 2.1273 | 2.1417 | 2.1525 | 2.1850 2.1922 2.2500 
2% 12 N-2 0.7500 | 2.2500 | 2.2388 | 2.1959 | 2.1890 | 2.1478 | 2.1598 | 2.1688 | 2.1959 2.2028 2.2500 
24% 14 NS-2 0.6429 | 2.2500 | 2.2402 | 2.2036 | 2.1972 | 2.1624 | 2 1727 | 2.1812 | 2.2086 | 2.2100 2.2500 
214% 16 N-2 0.5625 | 2.2500 | 2.2410 | 2.2094 | 2.2032 | 2.1733 | 2 1823 | 2.1903 | 2.2094 | 2.2156 2.2500 
2% 18 NS-2 0.5000 | 2.2500 | 2.2418 | 2.2139 | 2.2081 | 2.1818 | 2 1899 | 2.1975 | 2.2139 | 2.2197 2.2500 
2144 20 NS-2 0.4500 | 2.2500 | 2.2428 | 2.2175 | 2.2118 | 2.1887 | 2.1959 | 2.2081 | 2 2175 | 2.2232 2.2500 
2546 16 N-2 0.5625 | 2.3125 | 2.3035 | 2.2719 | 2.2656 | 2.2358 | 2.2448 | 2.2528 2.2719 | 2.2782 Drsi25 
23¢ 12 N-2 0.7500 | 2.3750 | 2.3638 | 2.3209 | 2.3139 | 2.2728 | 2.2848 | 2.2938 | 2.3209 2.3279 | 2.3750 
234 16 N-2 0.5625 | 2.3750 | 2.3660 |. 2.3344 | 2.3281 | 2.2983 | 2 8073 | 2.3153 | 2.3344 | 2.3407 2.3750 
2% 6 16 N-2 0.5625 | 2.4375 | 2.4285 | 2.3969 | 2.3905 | 2.3608 | 2 3698 | 2.3778 | 2.3969 | 2.4033 2.43875 
26 6 NS-2 1.5000 | 2.5000 | 2.4798 | 2.3917 | 2.3825 | 2.2955 | 2.3196 | 2.3376 | 2 3917 | 2.4009 2.5000 
24 7 NS-2 1.2857 | 2.5000 | 2.4830 | 2.4072 | 2.3985 | 2.3247 | 2.3454 | 2.3609 2.4072 | 2.4159 2.5000 
24% gP NS-2 1.1250 | 2.5000 | 2.4848 | 2.4188 | 2.4106 | 2.3466 | 2 3647 | 2.3782 | 2.4188 | 2.4270 2.5000 
216 10 NS-2 0.9000 | 2.5000 | 2.4872 | 2.4350 | 2.4275 | 2.3773 | 2 3917 | 2.4025 | 2.4350 | 2.4425 2.5000 
2% 12 N-2 0.7500 | 2.5000 | 2.4888 | 2.4459 | 2.4388 2.3978 | 2.4098 | 2.4188 | 2.4459 | 2.4530 2.5000 
24 14 NS-2 0.6429 | 2.5000 | 2.4902 | 2.4536 | 2.4469 | 2.4124 | 2.4227 | 2.4312 | 2.4536 2.4603 2.5000 
2 16 N-2 0.5625 | 2.5000 | 2.4910 | 2.4594 | 2.4530 | 2.4233 | 2.4323 | 2.4403 | 2.4594 2.4658 2.5000 
2 18 NS-2 0.5000 | 2.5000 | 2.4918 | 2.4639 | 2.4577 | 2.4818 | 2.4399 | 2.4475 | 2.4639 2.4701 2.5000 
216 20 NS-2 0.4500 | 2.5000 | 2.4928 | 2.4675 | 2.4615 | 2.4387 | 2.4459 | 2.4531 | 2 4675 | 2.4735 2.5000 
25¢ 12 N-2 0.7500 | 2.6250 | 2.6138 | 2.5709 | 2.5638 | 2.5228 | 2.5348 | 2.5438 | 2 5709 | 2.5780 2.6250 
254 16 N-2 0.5625 | 2.6250 | 2.6160 | 2.5844 | 2.5779 | 2.5483 | 2.5573 | 2.5653 2.5844 | 2.5909 2.6250 
23 6 NS-2 1.5000 | 2.7500 | 2.7298 | 2.6417 | 2.6325 | 2.5455 | 2.5696 | 2.5876 | 2 6417 | 2.6509 2.7500 
234 7 NS-2 1.2857 | 2.7500 | 2.7330 | 2.6572 | 2.6485 | 2.5747 | 2.5954 | 2.6109 | 2 6572 | 2.6659 2.7500 
234 8b NS-2 1.1250 | 2.7500 | 2.7348 | 2.6688 | 2.6606 | 2.5966 | 2.6147 | 2.6282 | 2.6688 2.6770 2.7500 
234 10 NS-2 0.9000 | 2.7500 | 2.7372 | 2.6850 | 2.6775 | 2.6273 | 2.6417 | 2.6525 | 2.6850 2.6925 2.7500 
234 12 N-2 0.7500 | 2.7500 | 2.7388 | 2.6959 | 2.6887 | 2.6478 | 2.6598 | 2.6688 | 2.6959 2.7031 2.7500 
234 14 NS-2 0.6429 | 2.7500 | 2.7402 | 2.7036 | 2.6969 | 2.6624 | 2.6727 | 2.6812 2.7036 | 2.7103 2.7500 
23 16 N-2 0.5625 | 2.7500 | 2.7410 | 2.7094 | 2.7028 | 2.6733 | 2.6823 | 2.6903 | 2.7094 2.7160 | 2.7500 
234 18 NS-2 0.5000 | 2.7500 | 2.7418 | 2.7139 | 2.7077 | 2.6818 | 2.6899 | 2.6975 | 2 7139 | 2.7201 2.7500 
2% 12 N-2 0.7500 | 2.8750 | 2.8638 | 2.8209 | 2.8136 | 2.7728 | 2.7848 | 2.7938 | 2.8209 2.8282 2.8750 
2% 16 N-2 0.5625 | 2.8750 | 2.8660 | 2.8344 | 2.8278 | 2.7983 | 2.8078 | 2.8153 | 2.8344 2.8410 2.8750 
3 6 NS-2 1.5000 | 3.0000 | 2.9798 | 2.8917 | 2.8822 | 2.7955 | 2.8196 | 2.8376 | 2 8917 | 2.9012 3.0000 
3 NS-2 1.2857 | 3.0000 | 2.9830 | 2.9072 | 2.8982 | 2.8247 | 2.8454 | 2.8609 | 2.9072 | 2 9162 3.0000 
3 gb NS-2 1.1250 | 3.0000 | 2.9848 | 2.9188 | 2.9103 | 2.8466 | 2.8647 | 2.8782 | 2.9188 | 2 9273 2.0000 
3 10 NS-2 0.9000 | 3.0000 | 2.9872 | 2.9350 | 2.9272 | 2.8773 | 2.8917 | 2.9025 | 2.9350 | 2 9428 3.0000 
3 12 N-2 0.7500 | 3.0000 | 2.9888 | 2.9459 | 2.9385 | 2.8978 | 2.9098 | 2.9188 | 2.9459 2.9533 3.0000 
3 14 NS-2 0.6429 | 3.0000 | 2.9902 | 2.9536 | 2.9466 | 2.9124 | 2.9227 | 2.9312 | 2.9536 2.9606 3.0000 
3 16 N-2 0.5625 | 3.0000 | 2.9910 | 2.9594 | 2.9527 | 2.9233 | 2.9323 | 2.9403 | 2.9594 2.9661 3.0000 
3 18 NS-2 0.5000 | 3.0000 | 2.9918 | 2.9639 | 2.9574 | 2.9318 | 2.9399 | 2.9475 | 2 9639 | 2.9704 3.0000 

See Fi 


A ig. 1. 
> For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 


b For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 


SCREW THREADS 315 
TABLE 19e—Class 2, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 
DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE 
Be SX é é ri < 6 F < . Maj 
Major diameter Pitch diameter 4 Minor diameter Pitch diameter peels 
Size E area Thread symbol bie j pene Ti Gauieter 
Max Min Max Min Min Max Min Max Min 
3k 12 N-2 0.7500 | 3.1250 | 3.1138 | 3.0709 | 3.0635 | 3.0228 | 3.0348 | 3.0488 | 3.0709 | 3.0783 3.1250 
316 16 N-2 0.5625 | 3.1250 | 3.1160 | 3.0844 | 3.0776 | 3.0483 | 3.0573 | 3.0653 | 3.0844 | 3.0912 | 3.1250 
3 6 NS-2 1.5000 | 3.2500 | 3.2298 | 3.1417 | 3.1322 | 3.0455 | 3.0696 | 3.0876 | 3.1417 | 3.1512 | 3.2500 
3% if NS-2 1.2857 | 3.2500 | 3.2330 | 3.1572 | 3.1482 | 3.0747 | 3.0954 | 3.1109 | 3.1572 | 3.1662 | 3.2500 
34 8b NS-2 1.1250 | 3.2500 | 3.2848 | 3.1688 | 3.1603 | 3.0966 | 3.1147 | 3.1282 | 3.1688 | 3.1773 | 3.2500 
3 10 NS-2 0.9000 | 3.2500 | 3.23872 | 3.1850 | 3.1772 | 3.1273 | 3.1417 | 3.1525 | 3.1850 | 3.1928 | 3.2500 
34 12 N-2 0.7500 | 3.2500 | 3.2388 | 3.1959 | 3.1884 | 3.1478 | 3.1598 | 3.1688 | 3.1959 | 3.20384 | 3.2500 
34 14 NS-2 0.6429 | 3.2500 | 3.2402 | 3.2036 | 3.1966 | 3.1624 | 3.1727 | 3.1812 | 3.2086 | 3.2106 | 3.2500 
34 16 N-2 0.5625 | 3.2500 | 3.2410 | 3.2094 | 3.2025 | 3.1733 | 3.1823 | 3.1903 | 3.2094 | 3.2163 | 3.2500 
3% 18 NS-2 0.5000 | 3.2500 | 3.2418 | 3.2189 | 3.2074 | 3.1818 | 3.1899 | 3.1975 | 3.2139 | 3.2204 | 3.2500 
334 12 N-2 0.7500 | 3.3750 | 3.3638 | 3.3209 | 3.3133 | 3.2728 | 3.2848 | 3.2988 | 3.3209 | 3.3285 | 3.3750 
~ 83% 16 N-2 0.5625 | 3.3750 | 3.3660 | 3.3344 | 3.3275 | 3.2983 | 3.3073 | 3.3153 | 3.3344 | 3.3413 | 3.3750 
38% 6 NS-2 1.5000 | 3.5000 | 3.4798 | 3.3917 | 3.3819 | 3.2955 | 3.3196 | 3.3376 | 3.3917 | 3.4015 | 3.5000 
3% 7 NS-2 1.2857 | 3.5000 | 3.4880 | 3.4072 | 3.3980 | 3.38247 | 3.3454 | 3.3609 | 3.4072 | 3.4164 | 3.5000 
3% 8P NS-2 1.1250 | 3.5000 | 3.4848 | 3.4188 | 3.4100 | 3.3466 | 3.3647 | 3.3782 | 3.4188 | 3.4276 | 3.5000 
3% 10 NS-2 0.9000 | 3.5000 | 3.4872 | 3.4350 | 3.4269 | 3.3773 | 3.3917 | 3.4025 | 3.4850 | 3.4431 | 3.5000 
3% 12 N-2 0.7500 | 3.5000 | 3.4888 | 3.4459 | 3.4883 | 3.3978 | 3.4098 | 3.4188 | 3.4459 | 3.4535 | 3.5000 
' 34% 14 NS-2 0.6429 | 3.5000 | 3.4902 | 3.4536 | 3.4463 | 3.4124 | 3.4227 | 3.4812 | 3.4536 | 3.4609 3.5000 
34 16 N-2 0.5625 | 3.5000 | 3.4910 | 3.4594 | 3.4524 | 3.4233 | 3.4823 | 3.4403 | 3.4594 | 3.4664 | 3.5000 
34 18 NS-2 0.5000 | 3.5000 | 3.4918 | 3.4639 | 3.4571 | 3.43818 | 3.4399 | 3.4475 | 3.4639 | 3.4707 | 3.5000 
354 12 N-2 0.7500 | 3.6250 | 3.6138 | 3.5709 | 3.5632 | 3.5228 | 3.5348 | 3.5438 | 3.5709 | 3.5786 | 3.6250 
356 16 N-2 0.5625 | 3.6250 | 3.6160 | 3.5844 | 3.5773 | 3.5483 | 3.5573 | 3.5653 | 3.5844 | 3.5915 | 3.6250 
334 6 NS-2 1.5000 | 3.7500 | 3.7298 | 3.6417 | 3.6319 | 3.5455 | 3.5696 | 3.5876 | 3.6417 | 3.6515 | . 3.7500 
334 7 NS-2 1.2857 | 3.7500 | 3.7330 | 3.6572 | 3.6480 | 3.5747 | 3.5954 | 3.6109 | 3.6572 | 3.6664 | 3.7500 
334 8 NS-2 1.1250 | 3.7500 | 3.7348 | 3.6688 | 3.6600 | 3.5966 | 3.6147 | 3.6282 | 3.6688 | 3.6776 | 3.7500 
1 334 10 NS-2 0.9000 | 3.7500 | 3.7372 | 3.6850 | 3.6769 | 3.6273 | 3.6417 | 3.6525 | 3.6850 | 3.6931 3.7500 
334 12 N-2 0.7500 | 3.7500 | 3.7388 | 3.6959 | 3.6881 | 3.6478 | 3.6598 | 3.6688 | 3.6959 | 3.7037 | 3.7500 
334 14 NS-2 0.6429 | 3.7500 | 3.7402 | 3.7036 | 3.6963 | 3.6624 | 3.6727 | 3.6812 | 3.7036 | 3.7109 | 3.7500 
| 334 16 N-2 0.5625 | 3.7500 | 3.7410 | 3.7094 | 3.7028 | 3.6733 | 3.6823 | 3.6903 | 3.7094 | 3.7165 | 3.7500 
334 18 NS-2 0.5000 | 3.7500 | 3.7418 | 3.7139 | 3.7071 | 3.6818 | 3.6899 | 3.6975 | 3.7189 | 3.7207 | 3.7500 
; | 3% 12 N-2 0.7500 | 3.8750 | 3.8638 | 3.8209 | 3.8131 | 3.7728 | 3.7848 | 3.7988 | 3.8209 | 3.8287 | 3.8750 
| 3% 16 N-2 0.5625 | 3.8750 | 3.8660 | 3.8344 | 3.8272 | 3.7983 | 3.8073 | 3.8153 | 3.8344 | 3.8416 | 3.8750 
| 4 6 NS-2 1.5000 | 4.0000 | 3.9798 | 3.8917 | 3.8816 | 3.7955 | 3.8196 | 3.8376 | 3.8917 | 3.9018 | 4.0000 
} 4 7 NS-2 1.2857 | 4.0000 | 3.9830 | 3.9072 | 3.8977 | 3.8247 | 3.8454 | 3.8609 | 3.9072 | 3.9167 | 4.0000 ~ 
| 4 8b NS-2 1.1250 | 4.0000 | 3.9848 | 3.9188 | 3.9098 | 3.8466 | 3.8647 | 3.8782 | 3.9188 | 3.9278 | 4.0000 
| 4 10 NS-2 0.9000 | 4.0000 | 3.9872 | 3.9350 | 3.9266 | 3.8773 | 3.8917 | 3.9025 | 3.9350 | 3.9484 | 4.0000 
| 4 12 N-2 0.7500 | 4.0000 | 3.9888 | 3.9459 | 3.9380 | 3.8978 | 3.9098 | 3.9188 | 3.9459 | 3.9538 | 4.0000 
| 4 14 NS-2 0.6429 | 4.0000 | 3.9902 | 3.9536 | 3.9461 | 3.9124 | 3.9227 | 3.9312 | 3.9536 | 3.9611 | 4.0000 
| 4 16 N-2 0.5625 | 4.0000 | 3.9910 | 3.9594 | 3.9522 | 3.9233 | 3.9323 | 3.9403 | 3.9594 | 3.9666 | 4.0000 
414 4 NS-2 2.2500 | 4.2500 | 4.2220 | 4.0876 | 4.0756 | 3.9433 | 3.9794 | 4.0065 | 4.0876 | 4.0996 | 4.2500 
44 6 NS-2 1.5000 | 4.2500 | 4.2298 | 4.1417 | 4.1316 | 4.0455 | 4.0696 | 4.0876 | 4.1417 | 4.1518 | 4.2500 
44 ut NS-2 1.2857 | 4.2500 | 4.2330 | 4.1572 | 4.1477 | 4.0747 | 4.0954 | 4.1109 | 4.1572 | 4.1667 4.2500 
44 8b NS-2 1.1250 | 4.2500 | 4.2348 | 4.1688 | 4.1598 | 4.0966 | 4.1147 | 4.1282 | 4.1688 | 4.1778 | 4.2500 
44 10 NS-2 0.9000 | 4.2500 | 4.2372 | 4.1850 | 4.1766 | 4.1273 | 4.1417 | 4.1525 | 4.1850 | 4.1984 | 4.2500 
44 12 N-2 0.7500 | 4.2500 | 4.2388 | 4.1959 | 4.1879 | 4.1478 | 4.1598 | 4.1688 | 4.1959 | 4.2039 | 4.2500 
4\4 14 NS-2 0.6429 | 4.2500 | 4.2402 | 4.2036 | 4.1961 | 4.1624 | 4.1727 | 4.1812 | 4.2036 | 4.2111 4.2500 
44 16 N.-2 0.5625 | 4.2500 | 4.2410 | 4.2094 | 4.2020 | 4.1733 | 4.1823 | 4.1903 | 4.2094 | 4.2168 | 4.2500 
44 4 NS-2 2.2500 | 4.5000 | 4.4720 | 4.3376 | 4.3256 | 4.1933 | 4.2204 | 4.2565 | 4.3376 | 4.3496 | 4.5000 
416 6 NS-2 1.5000 | 4.5000 | 4.4798 | 4.3917 | 4.3816 | 4.2955 | 4.3196 | 4.3376 | 4.3917 | 4.4018 | 4.5000 
46 7 NS-2 1.2857 | 4.5000 | 4.4830 | 4.4072 | 4.3977 | 4.3247 | 4.3454 | 4.3609 | 4.4072 | 4.4167 4.5000 
44 gP NS-2 1.1250 | 4.5000 | 4.4848 | 4.4188 | 4.4098 | 4.3466 | 4.3647 | 4.3782 | 4.4188 | 4.4278 | 4.5000 
46 10 NS-2 0.9000 | 4.5000 | 4.4872 | 4.4350 | 4.4266 | 4.3773 | 4.3917 | 4.4025 | 4.4850 | 4.4434 | 4.5000 
46 12 N-2 0.7500 | 4.5000 | 4.4888 | 4.4459 | 4.4378 | 4.3978 | 4.4098 | 4.4188 | 4.4459 | 4.4540 | 4.5000 
446 14 NS-2 0.6429 | 4.5000 | 4.4902 | 4.4536 | 4.4461 | 4.4124 | 4.4227 | 4.4312 | 4.4586 | 4.4611 4.5000 
416 16 _ N-2 0.5625 | 4.5000 | 4.4910 | 4.4594 | 4.4519 | 4.4233 | 4.4323 | 4.4403 | 4.4594 | 4.4669 | 4.5000 
® See Fig. 1. 


316 SCREW THREADS 
TABLE 19f—Class 2, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 
DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE 
Le, 9 X Maj i i iameter Minor diameter Pitch diameter Major 
eee Thre ds Br oa PITCH ajor diameter Pitch di: Minor , Gismeten 
Max Min Max Min Min Max Min Max Min 
434 4 NS-2 2.2500 | 4.7500 | 4.7220 | 4.5876 | 4.5751 | 4.4483 | 4.4794 | 4.5065 | 4.5876 | 4.6001 4.7500 
434 6 NS-2 1.5000 | 4.7500 | 4.7298 | 4.6417 | 4.6312 | 4.5455 | 4.5696 | 4.5876 |.4.6417 | 4.6522 4.7500 
434 7 NS-2 1.2857 | 4.7500 | 4.7330 | 4.6572 | 4.6472 | 4.5747 | 4.5954 | 4.6109 | 4.6572 | 4.6672 4.7500 
434 8P NS-2 1.1250 | 4.7500 | 4.7348 | 4.6688 | 4.6593 | 4.5966 | 4.6147 | 4.6282 | 4.6688 | 4.6783 4.7500 
434 10 NS-2 0.9000 | 4.7500 | 4.7372 | 4.6850 | 4.6762 | 4.6273 | 4.6417 | 4.6525 | 4.6850 | 4.6938 4.7500 
434 12 N-2 0.7500 | 4.7500 | 4.7388 | 4.6959 | 4.6876 | 4.6478 | 4.6598 | 4.6688 | 4.6959 | 4.7042 4.7500 
434 14 NS-2 0.6429 | 4.7500 | 4.7402 | 4.7036 | 4.6956 | 4.6624 | 4.6727 | 4.6812 | 4.7026 | 4.7106 4.7500 
434 16 N-2 0.5625 | 4.7500 | 4.7410 | 4.7094 | 4.7018 | 4.6733 | 4.6823 | 4.6903 | 4.7094 | 4.7170 4.7500 
5 4 NS-2 2.2500 | 5.0000 | 4.9720 | 4.8376 | 4.8251 | 4.6933 | 4.7294 | 4.7565 | 4.8376 | 4.8501 5.0000 
5 6 NS-2 1.5000 | 5.0000 | 4.9798 | 4.8917 | 4.8812 | 4.7955 | 4.8196 | 4.8876 | 4.8917 | 4.9022 5.0000 
5 te NS-2 1.2857 | 5.0000 | 4.9830 |. 4.9072 | 4.8972 | 4.8247 | 4.8454 | 4.8609 | 4.9072 | 4.9172 5.0000 
5 8b NS-2 1.1250 | 5.0000 | 4.9848 | 4.9188 | 4.9093 | 4.8466 | 4.8647 | 4.8782 | 4.9188 | 4.9283 5.0000 
5 10 NS-2 0.9000 | 5.0000 | 4.9872 |.4.9350 | 4.9262 | 4.8773 | 4.8917 | 4.9025 | 4.9350 | 4.9438 5.0000 
5 12 N-2 0.7500 | 5.0000 | 4.9888 | 4.9459 | 4.9375 | 4.8978 | 4.9098 } 4.9188 | 4.9459 | 4.9543 5.0000 
5 14 NS-2 0.6429 | 5.0000 | 4.9902 | 4.9536 | 4.9456 | 4.9124 | 4.9227 | 4.9312 | 4.9536 | 4.9616 5.0000 
5 16 N-2 0.5625 | 5.0000 | 4.9910 | 4.9594 | 4.9517 | 4.9233 | 4.9323 | 4.9403 | 4.9594 | 4.9671 5.0000 
54% 4 NS-2 2.2500 | 5.2500 | 5.2220 | 5.0876 | 5.0751 | 4.9483 | 4.9794 | 5.0065 | 5.0876 | 5.1001 5.2500 
54 6 NS-2 1.5000 | 5.2500 | 5.2298 | 5.1417 | 5.1312 | 5.0455 | 5.0696 | 5.0876 | 5.1417 | 5.1522 5.2500 
514 7 NS-2 1.2857 | 5.2500 | 5.2330 | 5.1572 | 5.1472 | 5.0747 | 5.0954 | 5.1109 | 5.1572 | 5.1672 5.2500 
544 8b NS-2 1.1250 | 5.2500 | 5.2348 | 5.1688 | 5.1593 | 5.0966 | 5.1147 | 5.1282 | 5.1688 | 5.1783 5.2500 
EA 10 NS-2 0.9000 | 5.2500 | 5.2372 | 5.1850 | 5.1762 | 5.1273 | 5.1417 | 5.1525 | 5.1850 | 5.1988 5.2500 
54% 12 N-2 0.7500 | 5.2500 | 5.2388 | 5.1959 | 5.1874 | 5.1478 | 5.1598 | 5.1688 | 5.1959 | 5.2044 5.2500 
5% 14 NS-2 0.6429 | 5.2500 | 5.2402 | 5.20386 | 5.1956 | 5.1624 | 5.1727 | 5.1812 | 5.2086 | 5.2116 5.2500 
5% 16 N-2 0.5625 | 5.2500 | 5.2410 |.5.2094 | 5.2016 | 5.1738 | 5.1823 | 5.1903 | 5.2094 | 5.2172 5.2500 
5% 4 NS-2 2.2500 | 5.5000 | 5.4720 | 5.3376 | 5.3251 | 5.1933 | 5.2294 | 5.2565 | 5.3376 | 5.3501 | 5.5000 
54 6 NS-2 1.5000 | 5.5000 | 5.4798 | 5.3917 | 5.3812 | 5.2955 | 5.3196 | 5.38376 | 5.3917 | 5.4022 | 5.5000 
516 a NS-2 1.2857 | 5.5000 | 5.4830 | 5.4072 | 5.3972 | 5.3247 | 5.3454 | 5.3609 | 5.4072 | 5.4172 5.5000 
51% gP NS-2 1.1250 | 5.5000 | 5.4848 | 5.4188 | 5.4093 | 5.3466 | 5.3647 | 5.3782 | 5.4188 | 5.4283 5.5000 
5% 10 NS-2 0.9000 | 5.5000 | 5.4872 | 5.4850 | 5.4262 | 5.3773 | 5.38917 | 5.4025 | 5.4850 | 5.4438 5.5000 
545 12 N-2 0.7500 | 5.5000 | 5.4888 | 5.4459 | 5.4373 | 5.3978 | 5.4098 | 5.4188 | 5.4459 | 5.4545 5.5000 
54 14 NS-2 0.6429 | 5.5000 | 5.4902 | 5.4536 | 5.4456 | 5.4124 | 5.4227 | 5.4312 | 5.4536 | 5.4616 5.5000 
51 16 N-2 0.5625 | 5.5000 | 5.4910 | 5.4594 | 5.4515 | 5.4238 | 5.4823 | 5.4403 | 5.4594 | 5.4673 5.5000 
534 4 NS-2 2.2500 | 5.7500 | 5.7220 | 5.5876 | 5.5747 | 5.4433 | 5.4794 | 5.5065 | 5.5876 | 5.6005 5.7500 
534 6 NS-2 1.5000 | 5.7500 | 5.7298 | 5.6417 | 5.6807 | 5.5455 | 5.5696 | 5.5876 | 5.6417 | 5.6527 5.7500 
534 7 NS-2 1.2857 | 5.7500 | 5.7330 | 5.6572 | 5.6468 | 5.5747 | 5.5954 | 5.6109 | 5.6572 | 5.6676 5.7500 
534 8b NS§-2 1.1250 | 5.7500 | 5.7348 | 5.6688 | 5.6589 | 5.5966 | 5.6147 | 5.6282 | 5.6688 | 5.6787 5.7500 
534 10 NS-2 0.9000 | 5.7500 | 5.7372 | 5.6850 | 5.6757 | 5.6273 | 5.6417 | 5.6525 | 5.6850 | 5.6943 5.7500 
534 12 N-2 0.7500 | 5.7500 | 5.7388 | 5.6959 | 5.6872 | 5.6478 | 5.6598 | 5.6688 | 5.6959 | 5.7046 5.7500 
534 14 NS-2 0.6429 | 5.7500 | 5.7402 | 5.7036 | 5.6952 | 5.6624 | 5.6727 | 5:6812 | 5.7036 | 5.7120 5.7500 
534 16 N-2 0.5625 | 5.7500 | 5.7410 | 5.7094 | 5.7014 | 5.6733 | 5.6823 | 5.6903 | 5.7094 | 5.7174 5.7500 
6 4 NS-2 2.2500 | 6.0000 | 5.9720 | 5.8376 | 5.8247 | 5.69383 | 5.7294 | 5.7565 | 5.83876 | 5.8505 6.0000 
6 6 NS-2 1.5000 | 6.0000 | 5.9798 | 5.8917 | 5.8807 | 5.7955 | 5.8196 | 5.8376 | 5.8917 | 5.9027 6.0000 
6 7 NS-2 1.2857 | 6.0000 | 5.9830 | 5.9072 | 5.8968 | 5.8247 | 5.8454 | 5.8609 | 5.9072 | 5.9176 6.0000 
6 gb NS-2 1.1250 | 6.0000 | 5.9848 | 5.9188 | 5.9089 | 5.8466 | 5.8647 | 5.8782 | 5.9188 | 5.9287 6.0000 
6 10 NS-2 0.9000 | 6.0000 | 5.9872 | 5.9350 | 5.9257 | 5.8773 | 5.8917 | 5.9025 | 5.93850 | 5.9443 6.0000 
6 12 N-2 0.7500 | 6.0000 | 5.9888 | 5.9459 | 5.9371 | 5.8978 | 5.9098 | 5.9188 | 5.9459 | 5.9547 6.0000 
6 14 NS-2 0.6429. | 6.0000 | 5.9902 | 5.9536 | 5.9452 | 5.9124 | 5.9227 | 5.93812 | 5.9536 | 5.9620 6.0000 
6 16 N-2 0.5625 | 6.0000 | 5.9910 | 5.9594 | 5.9513 | 5.9238 | 5.9323 | 5.9403 | 5.9594 | 5.9675 6.0000 
® See Fig. 1. 


> For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 
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®* See Fig. 1. 


SCREW THREADS 317 
TABLE 20a—Class 3, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 
DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE 
om Threads Thread os Major diameter Pitch diameter NEASe Minor diameter Pitch diameter Pure 
per inch symbol diameter® 
Max Min Max Min Min Max Min Max Min 
| 10 (0.190) 28 NS8-3 0.3214 | 0.1900 | 0.1838 | 0.1668 | 0.1646 | 0.1462 | 0.1513 | 0.1596 | 0.1668 | 0.1690 | 0.1900 
| 10 (0.190) 36 NS-3 0.2500 | 0.1900 | 0.1850 | 0.1720 | 0.1700 | 0.1559 | 0.1599 | 0.1646 | 0.1720 | 0.1740 | 0.1900 
| 10 (0.190) 40 NS-3 0.2250 | 0.1900 | 0.1852 | 0.1738 | 0.1719 | 0.1593 | 0.1629 | 0.1668 | 0.1738 | 0.1757 | 0.1900 
10 (0.190) 48 NS§S-3 0.1875 | 0.1900 | 0.1856 | 0.1765 | 0.1747 | 0.1644 | 0.1674 | 0.1707 | 0.1765 | 0.1788 | 0.1900 
| 10 (0.190) 56 NS8-3 0.1607 | 0.1900 | 0.1860 | 0.1784 | 0.1767 | 0.1681 | 0.1707 | 0.1738 | 0.1784 | 0.1801 | 0.1900 
12 (0.216) 32 NEF-3 0.2812 | 0.2160 | 0.2106 | 0.1957 | 0.1935 | 0.1777 | 0.1822 | 0.1875 | 0.1957 | 0.1979 | 0.2160 
| 12 (0.216) 36 NS-3 0.2500 | 0.2160 | 0.2110 | 0.1980 | 0.1960 | 0.1819 | 0.1859 | 0.1901 | 0.1980 | 0.2000 | 0.2160 
| 12 (0.216) 40 NS-3 0.2250 | 0.2160 | 0.2112 | 0.1998 | 0.1979 | 0.1853 | 0.1889 | 0.1927 | 0.1998 | 0.2017 | 0.2160 
| 12 (0.216) 48 NS-3 0.1875 | 0.2160 | 0.2116 | 0.2025 | 0.2007 | 0.1904 | 0.1934 | 0.1967 | 0.2025 | 0.2043 | 0.2160 
12 (0.216) 56 NS-3 0.1607 | 0.2160 | 0.2120 | 0.2044 | 0.2027 | 0.1941 | 0.1967 | 0.1998 | 0.2044 | 0.2061 | 0.2160 
A 24 ¢ NS-3 0.3750 | 0.2500 | 0.2434 | 0.2229 | 0.2204 | 0.1989 | 0.2049 | 0.2126 | 0.2229 | 0.2254 | 0.2500 
~\& 32 NEF-3 0.2812 | 0.2500 | 0.2446 | 0.2297 | 0.2275 | 0.2117 | 0.2162 | 0.2210 | 0.2297 | 0.2319 | 0.2500 
A 36 NS8-3 0.2500 | 0.2500 | 0.2450 | 0.2320 | 0.2299 | 0.2159 | 0.2199 | 0.2241 | 0.2320 | 0.2341 | 0.2500 
yy 40 NS-3 0.2250 | 0.2500 | 0.2452 | 0.2338 | 0.2318 | 0.2193 | 0.2229 | 0.2267 | 0.2338 | 0.2358 | 0.2500 
yy 48 NS-3 0.1875 | 0.2500 | 0.2456 | 0.2365 | 0.2346 | 0.2244 | 0.2274 | 0.2307 | 0.2365 | 0.2384 | 0.2500 
7A 56 NS-3 0.1607 | 0.2500 | 0.2460 | 0.2384 | 0.2366 | 0.2281 | 0.2307 | 0.2338 | 0.2384 | 0.2402 | 0.2500 
46 20 NS-3 0.4500 | 0.3125 | 0.3053 | 0.2800 | 0.2773 | 0.2512 | 0.2584 | 0.2672 | 0.2800 | 0.2827 | 0.3125 
46 28 NS-3 0.3214 | 0.3125 | 0.3063 | 0.2893 | 0.2870 | 0.2687 | 0.2738 | 0.2794 | 0.2893 | 0.2916 | 0.3125 
46 32 NEF-3 0.2812 | 0.3125 | 0.3071 | 0.2922 | 0.2899 | 0.2742 | 0.2787 | 0.2835 | 0.2922 | 0.2945 | 0.3125 
46 36 NS-3 0.2500 | 0.3125 | 0.3075 | 0.2945 | 0.2924 | 0.2784 | 0.2824 | 0.2866 | 0.2945 | 0.2966 | 0.3125 
46 40 NS-3 0.2250 | 0.3125 | 0.3077 | 0.2963 | 0.2943 | 0.2818 | 0.2854 | 0.2892 | 0.2963 | 0.2983 | 0.3125 
He 48 NS-2 0.1875 | 0.3125 | 0.3081 | 0.2990 | 0.2971 | 0.2869 | 0.2899 | 0.2932 | 0.2990 | 0.3009 | 0.3125 
36 18 NS-3 0.5000 | 0.3750 | 0.3668 | 0.3389 | 0.3359 | 0.3068 | 0.3149 | 0.3240 | 0.3389 | 0.3419 | 0.3750 
3% 20 NS-3 0.4500 | 0.3750 | 0.3678 | 0.3425 | 0.3397 | 0.3137 | 0.3209 | 0.3284 | 0.3425 | 0.3453 | 0.3750 
3% 28 NS-3 0.3214 | 0.3750 | 0.3688 | 0.3518 | 0.3493 | 0.3312 | 0.3363 | 0.3419 | 0.3518 | 0.3543 | 0.3750 
34 32 NEF-3 0.2812 | 0.3750 | 0.3696 | 0.3547 | 0.3523 | 0.3367 | 0.3412 | 0.3460 | 0.3547 | 0.3571 | 0.3750 
34 40 NS-3 0.2250 | 0.3750 | 0.3702 | 0.3588 | 0.3566 | 0.3443 | 0.3479 | 0.3517 | 0.3588 | 0.3610 | 0.3750 
46 16 NS-3 0.5625 | 0.4375 | 0.4285 | 0.3669 | 0.3938 | 0.3608 | 0.3698 | 0.3795 | 0.3969 | 0.4000 | 0.4875 
WAS 18 NS-3 0.5000 | 0.4375 | 0.4298 | 0.4014 | 0.3984 | 0.3693 | 0.3774 | 0.3852 | 0.4014 | 0.4045 | 0.43875 
Ye 24 NS-3 0.3750 | 0.4375 | 0.4309 | 0.4104 | 0.4078 | 0.3864 | 0.3924 | 0.3988 | 0.4104 | 0.4130 | 0.4875 
6 28 NEF-3 0.3214 | 0.4375 | 0.4313 | 0.4143 | 0.4118 | 0.3937 | 0.3988 | 0.4044 | 0.4148 | 0.4168 | 0.4375 
Ho 32 NS§S-3 0.2812 | 0.4375 | 0.4321 | 9.4172 | 0.4148 | 0.3992 | 0.4037 | 0.4085 | 0.4172 | 0.4196 | 0.4875 
4% 12 N-3 0.7500 | 0.5000 | 0.4888 | 0.4459 | 0.4419 | 0.3978 | 0.4098 | 0.4225 | 0.4459 | 0.4499 | 0.5000 
4% 14 NS-3 0.6429 | 0.5000 | 0.4902 | 0.4536 | 0.4501 | 0.4124 | 0.4227 | 0.4336-1 0.4536 | 0.4571 | 0.5000 
a 16 NS-3 0.5625 | 0.5000 | 0.4910 | 0.4594 | 0.4561 | 0.4233 | 0.4323 | 0.4407 | 0.4594 | 0.4627 | 0.5000 
% 18 NS-3 0.5000 | 0.5000 | 0.4918 | 0.4639 | 0.4608 | 0.4818 | 0.4899 | 0.4475 | 0.4639 | 0.4670 | 0.5000 
% 24 NS-3 0.3750 | 0.5000 | 0.4934 | 0.4729 | 0.4701 | 0.4489 | 0.4549 | 0.4613 | 0.4729 | 0.4757 | 0.5000 
aA 28 NEF-3 0.3214 | 0.5000 | 0.4938 | 0.4768 | 0.4742 | 0.4562 | 0.4613 | 0.4669 | 0.4768 | 0.4794 | 0.5000 
4 32 NS-3 0.2812 | 0.5000 | 0.4946 | 0.4797 | 0.4772 | 0.4617 | 0.4662 | 0.4710 | 0.4797 | 0.4822 | 0.5000 
Ke 12 N-3 0.7500 | 0.5625 | 0.5518 | 0.5084 | 0.5044 | 0.4603 | 0.4723 | 0.4850 | 0.5084 | 0.5124 | 0.5625 
Ke 14 NS-3 0.6429 | 0.5625 | 0.5527 | 0.5161 | 0.5126 | 0.4749 | 0.4852 | 0.4949 | 0.5161 | 0.5196 | 0.5625 
%e 16 NS-3 0.5625 | 0.5625 | 0.5535 | 0.5219 | 0.5186 | 0.4858 | 0.4948 | 0.5029 | 0.5219 | 0.5252 | 0.5625 
He 20 NS-3 0.4500 | 0.5625 | 0.5553 | 0.5300 | 0.5270 | 0.5012 | 0.5084 | 0.5156 | 0.5800 | 0.5880 | 0.5625 
Ke 24 NEF-3 0.3750 | 0.5625 | 0.5559 | 0.5354 | 0.5326 | 0.5114 | 0.5174 | 0.5239 | 0.5354 | 0.5882 | 0.5625 
%e 28 NS-3 0.3214 | 0.5625 | 0.5563 | 0.5393 | 0.5367 | 0.5187 | 0.5238 | 0.5294)! 0.5393 | 0.5419 | 0.5625 
%e 32 NS-3 0.2812 | 0.5625 | 0.5571 | 0.5422 | 0.5897 | 0.5242 | 0.5287 | 0.5385 | 0.5422 | 0.5447 | 0.5625 
5% 12 N-3 0.7500 | 0.6250 | 0.6138 | 0.5709 | 0.5669 | 0.5228 | 0.5348 | 0.5438 | 0.5709 | 0.5749 | 0.6250 
% 14 NS-3 0.6429 | 0.6250 | 0.6152 | 0.5786 | 0.5750 | 0.53874 | 0.5477 | 0.5562 | 0.5786 | 0.5822 | 0.6250 
% 16 NS-3 0.5625 | 0.6250 | 0.6160 | 0.5844 | 0.5810 | 0.5483 | 0.5573 | 0.5654 | 0.5844 | 0.5878 | 0.6250 
% 20 NS-3 0.4500 | 0.6250 | 0.6178 | 0.5925 | 0.5894 | 0.5637 | 0.5709 | 0.5781 | 0.5925 | 0.5956 | 0.6250 
% 24 NEF-3 0.3750 | 0.6250 | 0.6184 | 0.5979 | 0.5950 | 0.5739 | 0.5799 | 0.5864 | 0.5979 | 0.6008 | 0.6250 
% 28 NS-3 0.3214 | 0.6250 | 0.6188 | 0.6018 | 0.5991 | 0.5812 | 0.5863 | 0.5919 | 0.6018 | 0.6045 | 0.6250 
*% 32 NS-3 0.2812 | 0.6250 | 0.6196 | 0.6047 | 0.6021 | 0.5867 | 0.5912 | 0.5960 | 0.6047 | 0.6073 | 0.6250 
INi6 12 N-3 0.7500 | 0.6875 | 0.6763 | 0.6334 | 0.6294 | 0.5853 | 0.5973 | 0.6063 | 0.6334 | 0.6374 | 0.6875 
16 24 NEF-3 0.3750 | 0.6875 | 0.6809 | 0.6604 | 0.6575 | 0.6364 | 0.6424 | 0.6489 | 0.6604 | 0.6633 | 0.6875 


318 SCREW THREADS 


TABLE 20b—Class 3, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 


ae 


DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE 
j Tarende Thread heels Major diameter Pitch diameter Minor Minor diameter Pitch diameter te 
Size per inch symbol - diameter* : = 
Max Min ~ Max Min Min Max Min Max | Min 
34 12 N-3; 0.7500 | 0.7500 | 0.7388 | 0.6959 | 0.6919 | 0.6478 | 0.6598 | 0.6688 | 0.6959 | 0.6999 | 0.7500 
34 14 NS-3 0.6429 | 0.7500 | 0.7402 | 0.7036 | 0.6999 | 0.6624 | 0.6727 | 0.6812 | 0-7036 | 0.7073 | 0.7500 
34 16 N-3 0.5625 | 0.7500 | 0.7410 | 0.7094 | 0.7062 | 0.6733 | 0.6823 | 0.6903 | 0.7094 | 0.7126 | 0.7500 
34 18 NS-3 0.5000 | 0.7500 | 0.7418 | 0.7139 | 0.7106 | 0.6818 | 0.6899 | 0.6975 | 0.7139 | 0.7172 0.7500 
34 20 NEF-3 0.4500 | 0.7500 | 0.7428 | 0.7175 | 0.7143 | 0.6887 | 0.6959 | 0.7031 | 0.7175 | 0.7207 0.7500 
4 24 NS-3 0.3750 | 0.7500 | 0.7434.] 0.7229 | 0.7199 | 0.6989 | 0.7049 | 0.7113 | 0.7229 | 0.7259 0.7500 
34 28 NS-3 0.3214 | 0.7500 | 0.7488 | 0.7268 | 0.7240 | 0.7062 | 0.7113 | 0.7169 | 0.7268 | 0.7296 0.7500 
4 32 NS-3 0.2812 | 0.7500 | 0.7446 | 0.7297 | 0.7270 | 0.7117 | 0.7162 | 0.7210 | 0.7297 | 0.7324 | 0.7500 
13/6 12 N-3 0.7500 | 0.8125 | 0.8013 | 0.7584 | 0.7544 | 0.7103 | 0.7223 | 0.7313 | 0.7584 | 0.7624 | 0.8125 
13/6 16 N-3 0.5625 | 0.8125 | 0.8035 | 0.7719 | 0.7684 | 0.7358 | 0.7448 | 0.7528 | 0.7719 | 0.7754 | 0.8125 
13/6 20 NEF-3 0.4500 | 0.8125 | 0.8053 | 0.7800 | 0.7768 | 0.7512 | 0.7584 | 0.7656 | 0.7800 | 0.7832 | 0.8125 
% 10 NS-3 0.9000 | 0.8750 | 0.8622 | 0.8100 | 0.8057 | 0.7523 | 0.7667 | 0.7776 | 0.8100 | 0.8143 | 0.8750 
Ws 12 N-3 0.7500 | 0.8750 | 0.8638 | 0.8209 | 0.8169 | 0.7728 | 0.7848 | 0.7938 | 0.8209 | 0.8249 | 0.8750 
1% 16 N-3 0.5625 | 0.8750 | 0.8660 | 0.8344 | 0.8308 | 0.7983 | 0.8073 | 0.8153 | 0.8344 | 0.8380 | 0.8750 
Ws 18 NS-3 0.5000 | 0.8750 | 0.8668 | 0.8389 | 0.8356 | 0.8068 | 0.8149 | 0.8225 | 0.8389 | 0.8422 0.8750 
X% 20 NEF-3 0.4500 | 0.8750 | 0.8678 | 0.8425 | 0.8392 | 0.8137 | 0.8209 | 0.8281 | 0.8425 | 0.8458 | 0.8750 
% 24 NS-3 0.3750 | 0.8750 | 0.8684 | 0.8479 | 0.8449 | 0.8239 | 0.8299 + 0.8363 | 0.8479 | 0.8509 | 0.8750 
i% 28 NS-3 0.3214 | 0.8750 | 0.8688 | 0.8518 | 0.8490} 0.8312 | 0.8363 | 0.8419 | 0.8518 | 0.8546 | 0.8750 
1% 32 NS-3 0.2812 | 0.8750 | 0.8696 | 0.8547 | 0.8520 | 0.8367 | 0.8412 | 0.8460 | 0.8547 | 0.8574 | 0.8750 
1546 12 N-3 0.7500 | 0.9375 | 0.9263 | 0.8834 | 0.8794 | 0.8353 | 0.8473 | 0.8563 | 0.8834 | 0.8874 | 0.9375 
1546 16 N-3 0.5625 | 0.9375 | 0.9285 | 0.8969 | 0.8933 | 0.8608 | 0.8698 | 0.8778 | 0.8969 | 0.9005 | 0.9375 
1346 20 NEF-3 0.4500 | 0.9375 | 0.9303 | 0.9050 | 0.9017 | 0.8762 | 0.8834 | 0.8906 | 0.9050 | 0.9083 | 0.9375 
1 10 NS-3 0.9000 | 1.0000 | 0.9872 | 0.9350 | 0.9305 | 0.8773 | 0.8917 | 0.9025 | 0.9350 | 0.9395 1.0000 
1 12 N-3 0.7500 | 1.0000 | 0.9888 | 0.9459 | 0.9419 | 0.8978 | 0.9098 | 0.9188 | 0.9459 | 0.9499 1.0000 
i) 16 N-3 0.5625 | 1.0000 | 0.9910 | 0.9594 | 0.9557 | 0.9233 | 0.9323 | 0.9403 | 0.9594 | 0.9631 1.0000 
1 18 NS-3 0.5000 | 1.0000 | 0.9918 | 0.9639 | 0.9604 | 0.9318 | 0.9399 | 0.9475 | 0.9639 | 0.9674 1.0000 
i 20 NEF-3 0.4500 | 1.0000 | 0.9928 | 0.9675 | 0.9641 | 0.9387 | 0.9459 | 0.9531 | 0.9675 | 0.9709 1.0000 
1 24 NS-3 0.3750 | 1.0000 | 0.9934 | 0.9729 | 0.9697 | 0.9489 | 0.9549 | 0.9613 | 0.9729 | 0.9761 1.0000 
1 28 NS-3 0.3214 | 1.0000 | 0.9938 | 0.9768 | 0.9738 | 0.9562 | 0.9613 | 0.9669 | 0.9768 | 0.9798 1.0000 
1 32 NS-3 0.2812 | 1.0000 | 0.9946 | 0.9797 | 0.9768 | 0.9617 | 0.9662 | 0.9710 | 0.9797 | 0.9826 1.0000 
le 12 N-3 0.7500 | 1.0625 | 1.0513 | 1.0084 | 1.0044 | 0.9603 | 0.9723 | 0.9813 | 1.0084 | 1.0124 1.0625 
1K, 16 N-3 0.5625 | 1.0625 | 1.0535 | 1.0219 | 1.0182 | 0.9858 | 0.9948 | 1.0028 | 1.0219 | 1.0256 1.0625 
Ke 18 NEF-3 0.5000 | 1.0625 | 1.0543 | 1.0264 | 1.0228 | 0.9943 | 1.0024 | 1.0100 | 1.0264 | 1.0300 1.0625 
1% 8b NS-3 1.1250 | 1.1250 | 1.1098 | 1.0488 | 1.0389 | 0.9716 | 0.9897 | 1.0032 | 1.0488 | 1.0487 | 1.1250 
1K 10 NS-3 0.9000 | 1.1250 | 1.1122 | 1.0600 | 1.0555 | 1.0023 | 1.0167 | 1.0275 | 1.0600 | 1.0645 1.1250 
1K 12 N-3 0.7500 | 1.1250 | 1.1138 | 1.0709 | 1.0669 | 1.0228 | 1.0348 | 1.0488 | 1.0709 | 1.0749 1 -1250 
1K 14 NS-3 0.6429 | 1.1250 | 1.1152 | 1.0786 | 1.0747 | 1.0374 | 1.0477 | 1.0562 | 1.0786 | 1.0825 1.1250 
1K 16 N-3 0.5625 | 1.1250 | 1.1160 | 1.0844 | 1.0806 | 1.0483 | 1.0573 | 1.0653 | 1.0844 | 1.0882 1.1250 
1K 18 NEF-3 0.5000 | 1.1250 | 1.1168 | 1.0889 | 1.0853 | 1.0568 | 1.0649 | 1.0725 | 1.0889 | 1.0925 1.1250 
1K 20 NS-3 0.4500 | 1.1250 | 1.1178 | 1.0925 | 1.0891 | 1.06387.-/ 1.0709 | 1.0781 | 1.0925 | 1.0959 1.1250 
1k 24 NS-3 0.3750 | 1.1250 | 1.1184 | 1.0979 | 1.0947 | 1.0739 | 1.0799 | 1.0863 | 1.0979 | 1.1011 1.1250 
Ls 28 NS-3 0.3214 | 1.1250 | 1.1188 | 1.1018 | 1.0988 | 1.0812 | 1.0863 | 1.0919 | 1.1018 | 1.1048 1.1250 
16 12 N-3 0.7500 | 1.1875 | 1.1763 | 1.1334 | 1.1294 | 1.0853 | 1.0973 | 1.1063 | 1.1334 | 1.1374 1.1875 
16 16 N-3 0.5625 | 1.1875 | 1.1785 | 1.1469 | 1.1431 | 1.1108 | 1.1198 | 1.1278 | 1.1469 | 1.1507 1.1875 
1376 18 NEF-3 0.5000 | 1.1875 | 1.1793 | 1.1514 | 1.1478 | 1.1193 | 1.1274 | 1.1350 | 1.1514 | 1.1550 1.1875 
1% 8b NS8-3 1.1250 | 1.2500 | 1.2348 | 1.1688 | 1.1637 | 1.0966 | 1.1147 | 1.1282 | 1.1688 | 1.1739 1.2500 
14 10 NS-3 0.9000 | 1.2500 | 1.2372 | 1.1850 | 1.1804 | 1.1273 | 1.1417 | 1.1525 | 1.1850 | 1.1896 1.2500 
1% 12 N-3 0.7500 | 1.2500 | 1.2388 | 1.1959 | 1.1919 | 1.1478 | 1.1598 | 1.1688 | 1.1959 | 1.1999 1.2500 
14 14 NS-3 0.6429 | 1.2500 | 1.2402 | 1.2036 | 1.1996 | 1.1624 | 1.1727 | 1.1812 | 1.2036 | 1.2076 1.2500 
1% 16 N-3 0.5625 | 1.2500 | 1.2410 | 1.2094 | 1.2056 | 1.1733 | 1.1823 | 1.1903 | 1.2094 | 1.2132 1.2500 
1144 18 NEF-3 0.5000 | 1.2500 | 1.2418 | 1.2139 | 1.2102 | 1.1818 | 1.1899 | 1.1975 | 1.2139 | 1.2176 1.2500 
14 20 NS-3 0.4500 | 1.2500 | 1.2428 | 1.2175 | 1.2140 | 1.1887 | 1.1959 | 1.2031 | 1.2175 | 1.2210 1.2500 
1% 24 NS-3 0.3750 | 1.2500 | 1.2434 | 1.2229 | 1.2196 | 1.1989 | 1.2049 | 1.2113 | 1.2229 | 1.2262 1.2500 
16 12 N-3 0.7500 | 1.3125 | 1.3013 | 1.2584 | 1.2544 | 1.21038 | 1.2223 | 1.2313 | 1.2584 | 1.2624 1.3125 
1%{6 16 N-3 0.5625 | 1.3125 | 1.3035 | 1.2719 | 1.2680 | 1.23858 | 1.2448 | 1.2528 | 1.2719 | 1.2758 1.3125 
156 18 NEF-3 0.5000 | 1.3125 | 1.3043 | 1.2764 | 1.2727 | 1.2443 | 1.2524 | 1.2600 | 1.2764 | 1.2801 1,3125 
8 See Fig. 1. 


» For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 
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TABLE 20c—Class 3, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 
DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE 
es Threads Thread moa Major diameter Pitch diameter minor Minor diameter | Pitch diameter Pct 
per inch symbol diameter | 
Max Min Max Min Min Max Min Max Min 

134 8b NS-3 1.1250 | 1.8750 | 1.3598 | 1.2988 | 1.2887 | 1.2216 | 1.2397 | 1.2532 | 1.2938 | 1.2989 1.3750 
13g 10 NS-3 0.9000 | 1.3750 | 1.3622 | 1.3100 | 1.3054 | 1.2523 | 1.2667 | 1.2775 | 1.3100 | 1.3146 1.3750 
13g 12 N-3 0.7500 | 1.3750 | 1.3638 | 1.3209 | 1.3169 | 1.2728 | 1.2848 | 1.2938 | 1.3209 | 1.3249 1.3750 
134 14 NS-3 0.6429 | 1.3750 | 1.3652 | 1.3286 | 1.3246 | 1.2874 | 1.2977 | 1.3062 | 1.3286 | 1.3326 1.3750 
13¢ 16 N-3 0.5625 | 1.3750 | 1.3660 | 1.3344 | 1.3305 | 1.2983 | 1.3073 | 1.3153 | 1.3344 |. 1.3383 1.3750 
13g 18 NEF-3 0.5000 | 1.3750 | 1.3668 | 1.3389 | 1.3351 | 1.3068 | 1.3149 | 1.3225 | 1.3389 | 1.3427 1.3750 
13 20 NS-3 0.4500 | 1.3750 | 1.3678 | 1.3425 | 1.3390 | 1.3137 | 1.3209 | 1.3281 | 1.3425 | 1.3460 1.3750 
13g 24 NS-3 0.3750 | 1.3750 | 1.3684 | 1.3479 | 1.3446 | 1.3239 | 1.3299 | 1.3363 | 1.3479 | 1.3512 1.3750 
1%{6 12 N-3 0.7500 | 1.4875 | 1.4263 | 1.38834 | 1.3794 | 1.3353 | 1.3473 | 1.3563 | 1.3834 | 1.3874 1.4875 
| 1%5 16 N-3 0.5625 | 1.4375 | 1.4285 | 1.3969 | 1.3929 | 1.3608 | 1.3698 | 1.3778 | 1.3969 | 1.4009 1.4375 
| le 18 NEF-3 0.5000 | 1.4875 | 1.4298 | 1.4014 | 1.3976 | 1.3693 | 1.3774 | 1.3850 | 1.4014 | 1.4052 1.4375 
i 1% gp NS-3 1.1250 | 1.5000 | 1.4848 | 1.4188 | 1.4136 | 1.3466 | 1.3647 | 1.3782 | 1.4188 | 1.4240 1.5000 
: 14 10 NS-3 0.9000 | 1.5000 | 1.4872 | 1.43850 | 1.4302 | 1.3773 | 1.3917 | 1.4025 | 1.4350 | 1.4398 1.5000 
4] 1% 12 - N-3 0.7500 | 1.5000 | 1.4888 | 1.4459 | 1.4419 | 1.3978 | 1.4098 | 1.4188 | 1.4459 | 1.4499 1.5000 
1% 14 NS-3 0.6429 | 1.5000 | 0.4902 | 1.4586 | 1.4494 | 1.4124 | 1.4227 | 1.4312 | 1.4586 | 1.4578 1.5000 
; 14% 16 N-3 0.5625 | 1.5000 | 1.4910 | 1.4594 | 1.4554 | 1.4233 | 1.4823 | 1.4408 | 1.4594 | 1.4634 1.5000 
] 14% 18 NEF-3 0.5000 | 1.5000 | 1.4918 | 1.4639 | 1.4601 | 1.4318 | 1.4899 | 1.4475 | 1.4639 | 1.4677 1.5000 
} 14% 20 NS-3 0.4500 | 1.5000 | 1.4928 | 1.4675 | 1.4638 | 1.4387 | 1.4459 | 1.4531 | 1.4675 | 1.4712 1.5000 
7 1% 24 NS-3 0.3750 | 1.5000 | 1.4934 | 1.4729 | 1.4694 | 1.4489 | 1.4549 | 1.4613 | 1.4729 | 1.4764 1.5000 
i 1%6 16 N-3 0.5625 | 1.5625 | 1.5535 | 1.5219 | 1.5179 | 1.4858 | 1.4948 | 1.5028 | 1.5219 | 1.5259 1.5625 
| { 1%6 18 NEF-3 0.5000 | 1.5625 | 1.5543 | 1.5264 | 1.5225 | 1.4943 | 1.5024 | 1.5100 | 1.5264 | 1.5303 1.5625 

| 
1 | 15¢ 6 NS-3 1.5000 | 1.6250 | 1.6048 | 1.5167 | 1.5107 | 1.4205 | 1.4446 | 1.4626 | 1.5167 | 1.5227 1.6250 
: 15 7 NS-3 1.2857 | 1.6250 | 1.6080 | 1.5322 | 1.5266 | 1.4497 | 1.4704 | 1.4859 | 1.5322 | 1.5378 1.6250 
} 194 gb NS-3 1.1250 | 1.6250 | 1.6098 | 1.5488 | 1.5386 | 1.4716 | 1.4897 | 1.5032 | 1.5438 | 1.5490 1.6250 
‘| 154 10 NS-3 0.9000 | 1.6250 | 1.6122 | 1.5600 | 1.5552 | 1.5023 | 1.5167 | 1.5275 | 1.5600 | 1.5648 1.6250 
| 1% 12 N-3 0.7500 | 1.6250 | 1.6138 | 1.5709 | 1.5664 | 1.5228 | 1.5348 | 1.5488 | 1.5709 | 1.5754 1.6250 
15% 14 NS-3 0.6429 | 1.6250 | 1.6152 | 1.5786 | 1.5744 | 1.5374 | 1.5477 | 1.5562 | 1.5786 | 1.5828 1.6250 
1% 16 N-3 0.5625 | 1.6250 | 1.6160 | 1.5844 | 1.5803 | 1.5483 | 1.5573 | 1.5653 | 1.5844 | 1.5885 1.6250 
1% 18 NEF-3 0.5000 | 1.6250 | 1.6168 | 1.5889 | 1.5850 | 1.5568 | 1.5649 | 1.5725 | 1.5889 | 1.5928 1.6250 
156 20 NS-3 0.4500 | 1.6250 | 1.6178 | 1.5925 | 1.5888 | 1.5637 | 1.5709 | 1.5781 | 1.5925 | 1.5962 1.6250 
1% 24 NS8-3 0.3750 | 1.6250 | 1.6184 | 1.5979 | 1.5944 | 1.5739 | 1.5799 | 1.5863 | 1.5979 | 1.6014 1.6250 
i 11. 16 N-3 0.5625 | 1.6875 | 1.6785 | 1.6469 | 1.6428 | 1.6108 | 1.6198 | 1.6278 | 1.6469 | 1.6510 1.6875 
| 11M. 18 NEF-3 0.5000 | 1.6875 | 1.6793 | 1.6514 | 1.6475 | 1.6193 | 1.6274 | 1.6350 | 1.6514 | 1.6553 1.6875 
| 134 6 NS-3 1.5000 | 1.7500 | 1.7298 | 1.6417 | 1.6356 | 1.5455 | 1.5696 | 1.5876 | 1.6417 | 1.6478 1.7500 
| 134 i NS-3 1.2857 | 1.7500 | 1.7330 | 1.6572 | 1.6515 | 1.5747 | 1.5954 | 1.6109 | 1.6572 | 1.6629 1.7500 
134 8> NS-3 1.1250 | 1.7500 | 1.7348 | 1.6688 | 1.6634 | 1.5966 | 1.6147 | 1.6282 | 1.6688 | 1.6742 1.7500 
. 134 10 NS-3 0.9000 | 1.7500 | 1.7372 | 1.6850 | 1.6801 | 1.6273 | 1.6417 | 1.6525 | 1.6850 | 1.6899 1.7500 
| 1% 12 N-3 0.7500 | 1.7500 | 1.7388 | 1.6959 | 1.6913 | 1.6478 | 1.6598 | 1.6688 | 1.6959 | 1.7005 1.7500 
1% 14 NS-3 0.6429 | 1.7500 | 1.7402 | 1.7036 | 1.6993 | 1.6624 | 1.6727 | 1.6812 | 1.7036 | 1.7079 1.7500 
134 16 ingot 0.5625 | 1.7500 | 1.7410 | 1.7094 | 1.7053 | 1.6733 | 1.6823 | 1.6903 | 1.7094 | 1.7135 1.7500 
1% 18 NS-3 0.5000 | 1.7500 | 1.7418 | 1.7139 | 1.7099 | 1.6818 | 1.6899 | 1.6975 | 1.7139 | 1.7179 1.7500 
134 20 NS-3 0.4500 | 1.7500 | 1.7428 | 1.7175 | 1.7137 | 1.6887 | 1.6959 | 1.7031 | 1.7175 | 1.7213 1.7500 
1134, 16 N-3 0.5625 | 1.8125 | 1.8035 | 1.7719 | 1.7677 | 1.7358 | 1.7448 | 1.7528 '| 1.7719 | 1.7761 1.8125 
1% 6 NS-3 1.5000 | 1.8750 | 1.8548 | 1.7667 | 1.7606 | 1.6705 | 1.6946 | 1.7126 | 1.7667 | 1.7728 1.8750 
1% a NS-3 1.2857 | 1.8750 | 1.8580 | 1.7822 | 1.7765 | 1.6997 | 1.7204 | 1.7359 | 1.7822 | 1.7879 1.8750 
1% 8 NS-3 1.1250 | 1.8750 | 1.8598 | 1.7938 | 1.7884 | 1.7216 | 1.7397 | 1.7532 | 1.7938 | 1.7992 1.8750 
1% 10 NS-3 0.9000 | 1.8750 | 1.8622 | 1.8100 | 1.8051 | 1.7523 | 1.7667 | 1.7775 | 1.8100 | 1.8149 1.8750 
1K 12 N-3 0.7500 | 1.8750 | 1.8638 | 1.8209 | 1.8163 | 1.7728 | 1.7848 | 1.7938 | 1.8209 | 1.8255 1.8750 
1% 14 NS-3 0.6429 | 1.8750 | 1.8652 | 1.8286 | 1.8243 | 1.7874 | 1.7977 | 1.8062 | 1.8286 | 1.8329 1.8750 
1K 16 N-3 0.5625 | 1.8750 | 1.8660 | 1.8344 | 1.8302 | 1.7983 | 1.8073 | 1.8153 | 1.8344 | 1.8386 1.8750 
17 18 NS-3 0.5000 | 1.8750 | 1.8668 | 1.8389 | 1.8349 | 1.8068 | 1.8149 | 1.8225 | 1.8389 | 1.8429 1.8750 
1% 20 NS-3 0.4500 | 1.8750 | 1.8678 | 1.8425 | 1.8387 | 1.8137 | 1.8209 | 1.8281 | 1.8425 | 1.8463 1.8750 
1154¢ 16 N-3 0.5625 | 1.9375 | 1.9285 1.8969 | 1.8927 | 1.8608 | 1.8698 | 1.8778 | 1.8969 | 1.9011 1.93875 

® See Fig. 1. 


For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 


320 SCREW THREADS 
TABLE 20d—Class 3, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 
DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE -INTERNAL-THREAD LIMITS OF SIZE 
a Threads Thread ice Major diameter Pitch diameter Minor Minor diameter Pitch diameter eee . 
AS per inch symbol diameter® 
Max Min Max Min Min Max Min Max Min 

2 6 NS-3 1.5000 | 2.0000 | 1.9798 | 1.8917 | 1.8855 | 1.7955 | 1.8196 | 1.8376 |.1.8917 | 1.8979 | 2.0000 
2 if NS-3 1.2857 | 2.0000 | 1.9830 | 1.9072 | 1.9014 | 1.8247 | 1.8454 | 1.86097} 1.9072 | 1.9130 | 2.0000 
2 8P NS-3 1.1250 | 2.0000 | 1.9848 | 1.9188 | 1.9133 | 1.8466 | 1.8647 | 1.8782 | 1.9188 | 1.9243 | 2.0000 
2 10 NS-3 0.9000 | 2.0000 | 1.9872 | 1.9350 | 1.9300 | 1.8773 | 1.8917 | 1.9025 | 1.9350 | 1.9400 | 2.0000 
2 12 N-3 0.7500 | 2.0000 | 1.9888 | 1.9459 | 1.9412 | 1.8978 | 1.9098 | 1.9188 | 1.9459 | 1.9506 | 2.0000 
2 14 NS-3 0.6429 | 2.0000 | 1.9902 | 1.9536 | 1.9492 | 1.9124 | 1.9227 | 1.9312 | 1.9536 | 1.9580 | 2.0000 
2 16 No. 0.5625 | 2.0000 | 1.9910 | 1.9594 | 1.9551 | 1.9233 | 1.9323 | 1.9403 | 1.9594 | 1.9637 | 2.0000 
2 18 NS-3 0.5000 | 2.0000 | 1.9918 | 1.9639 | 1.9598 | 1.9318 | 1.9899 | 1.9475 | 1.9639 | 1.9680 | 2.0000 
2 20 NS-3 0.4500 | 2.0000 | 1.9928 | 1.9675 | 1.9635 | 1.9387 | 1.9459 | 1.9531 | 1.9675 | 1.9715 | 2.0000 
We 16 N-3 0.5625 | 2.0625 | 2.0535 | 2.0219 | 2.0176 | 1.9858 | 1.9948 | 2.0028 | 2.0219 | 2.0262 | 2.0625 
2 12 N-3 0.7500 | 2.1250 | 2.1138] 2.0709 | 2.0661 | 2.0228 | 2.0348 | 2.0438 | 2.0709 | 2.0757 | 2.1250 
26 16 N-3 0.5625 | 2.1250 | 2.1160 | 2.0844 | 2.0801 | 2.0483 | 2.0573 | 2.0653 | 2.0844 | 2.0887 | 2.1250 
236 16 N-3 0.5625 | 2.1875 | 2.1785 | 2.1469 | 2.1426 | 2.1108 | 2.1198 |-2.1278 | 2.1469 | 2.1512 | 2.1875 
24 6 NS-3 1.5000 | 2.2500 | 2.2298 | 2.1417 | 2.1355 | 2.0455 | 2.0696 | 2.0876 | 2.1417 | 2.1479 | 2.2500 
24% df NS-3 1.2857 | 2.2500 | 2.2330 | 2.1572 | 2.1514 | 2.0747 | 2.0954 | 2.1109 | 2.1572 | 2.1630 | 2.2500 
244 gp NS-3 1.1250 | 2.2500 | 2.2348 | 2.1688 | 2.1633 | 2.0966 | 2.1147 | 2.1282 | 2.1688 | 2.1743 | 2.2500 
244 10 NS-3 0.9000 | 2.2500 | 2.2372 | 2.1850 | 2.1800 | 2.1273 | 2.1417 | 2.1525 | 2.1850 | 2.1900 | 2.2500 
2%, 12 N-3 0.7500 | 2.2500 | 2.2388 | 2.1959 | 2.1911 | 2.1478 | 2.1598 | 2.1688 | 2.1959 | 2.2007 | 2.2500 
WW 14 NS-3 0.6429 | 2.2500 | 2.2402 | 2.2036 | 2.1992 | 2.1624 | 2.1727 | 2.1812 | 2.2036 | 2.2080 | 2.2500 
24% 16 N-3 0.5625 | 2.2500 | 2.2410 | 2.2094 | 2.2050 | 2.1733 | 2.1823 | 2.1903 | 2.2094 | 2.2188 | 2.2500 
24 18 NS-3 0.5000 | 2.2500 | 2.2418 | 2.2139 | 2.2098 | 2.1818 | 2.1899 | 2.1975 | 2.2139 | 2.2180 | 2.2500 
24 20 NS-3 0.4500 | 2.2500 | 2.2428 | 2.2175 | 2.2185 | 2.1887 | 2.1959 | 2.2081 | 2.2175 | 2.2215 | 2.2500 
2546 16 N-3 0.5625 | 2.3125 | 2.3035 | 2.2719 | 2.2675 | 2.2358 | 2.2448 | 2.2528 | 2.2719 | 2.2763 | 2.3125 
234 12 N-3 0.7500 | 2.3750 | 2.3638 | 2.3209 | 2.3160 | 2.2728 | 2.2848 | 2.2938 | 2.3209 | 2.3258 | 2.3750 
238 16 N-3 0.5625 | 2.3750 | 2.3660 | 2.3344 | 2.3300 | 2.2983 | 2.3073 | 2.3153 | 2.3344 | 2.3388 | 2.3750 
Qe 16 N-3 0.5625 | 2.4375 | 2.4285 | 2.3969 | 2.3924 | 2.3608 | 2.3698 | 2.3778 | 2.3969 | 2.4014 | 2.4875 
24% 6 NS-3 1.5000 | 2.5000 | 2.4798 | 2.3917 | 2.3852 | 2.2955 | 2.3196 | 2.3376 | 2.3917 | 2.3982 | 2.5000 
24 ve NS-3 1.2857 | 2.5000 | 2.4830 | 2.4072 | 2.4011 | 2.3247 | 2.3454 | 2.3609 | 2.4072 | 2.4138 | 2.5000 
24% ge NS-3 1.1250 | 2.5000 | 2.4848 | 2.4188 | 2.4131 | 2.3466 | 2.3647 | 2.3782 | 2.4188 | 2.4245 | 2.5000 
244 10 NS-3 0.9000 | 2.5000 | 2.4872 | 2.4350 | 2.4297 | 2.3773 | 2.3917 | 2.4025 | 2.4350 | 2.4403 | 2.5000 | 
24% 12 N-3 0.7500 | 2.5000 | 2.4888 | 2.4459 | 2.4410 | 2.3978 | 2.4098 | 2.4188 | 2.4459 | 2.4508 | 2.5000 
24 14 NS-3 (0.6429 | 2.5000 | 2.4902 | 2.4536 | 2.4489 | 2.4124 | 2.4227 | 2.4312 | 2.4536 | 2.4583 | 2.5000 
24 16 N-3 0.5625 | 2.5000 | 2.4910 | 2.4594 | 2.4549 | 2.4233 | 2.4823 | 2.4403 | 2.4594 | 2.4639 | 2.5000 
24 18 NS-3 0.5000 | 2.5000 | 2.4918 | 2.4639 | 2.4596 | 2.4318 | 2.4399 | 2.4475 | 2.4639 | 2.4682 | 2.5000 
246 20 NS-3 0.4500 | 2.5000 | 2.4928 | 2.4675 | 2.4633 | 2.4887 | 2.4459 | 2.4531 | 2.4675 | 2.4717 | 2.5000 
258 12 N-3 0.7500 | 2.6250 | 2.6138 | 2.5709 | 2.5659 | 2.5228 | 2.5348 | 2.5438 | 2.5709 | 2.5759 | 2.6250 
25% 16 N-3 0.5625 | 2.6250 | 2.6160 | 2.5844 | 2.5799 | 2.5483 | 2.5573 | 2.5653 | 2.5844 | 2.5889 | 2.6250 
234 6 NS-3 1.5000 | 2.7500 | 2.7298 | 2.6417 | 2.6352 | 2.5455 | 2.5696 | 2.5876 | 2.6417 | 2.6482 | 2.7500 
234 7 NS-3 1.2857 | 2.7500 | 2.7330 | 2.6572 | 2.6511 | 2.5747 | 2.5954 | 2.6109 | 2.6572 | 2.6633 | 2.7500 
234 8P NS-3 1.1250 | 2.7500 | 2.7348 | 2.6688 | 2.6631 | 2.5966 | 2.6147 | 2.6282 | 2.6688 | 2.6745 | 2.7500 
234 10 NS-3 0.9000 | 2.7500 | 2.7372 | 2.6850 | 2.6797 | 2.6273 | 2.6417 | 2.6525 | 2.6850 | 2.6903 | 2.7500 
234 12 N-3 0.7500 | 2.7500 | 2.7388 | 2.6959 | 2.6909 | 2.6478 | 2.6598 | 2.6688 | 2.6959 | 2.7009 | 2.7500 
234 14 NS-3 0.6429 | 2.7500 | 2.7402 | 2.7036 | 2.6989 | 2.6624 | 2.6727 | 2.6812 | 2.7036 | 2.7083 | 2.7500 
274 16 N-3 0.5625 | 2.7500 | 2.7410 | 2.7094 | 2.7048 | 2.6733 | 2.6823 | 2.6903 | 2.7094 | 2.7140 | 2.7500 
234 18 NS-3 0.5000 | 2.7500 | 2.7418 | 2.7139 | 2.7096 | 2.6818 | 2.6899 | 2.6875 | 2.7139 | 2.7182 | 2.7500 
27% 12 N-3 0.7500 | 2.8750 | 2.8638 | 2.8209 | 2.8158 | 2.7728 | 2.7848 | 2.7938 | 2.8209 | 2.8260 | 2.8750 
246 16 N-3 0.5625 | 2.8750 | 2.8660 | 2.8344 | 2.8298 | 2.7983 | 2.8073 | 2.8153 | 2.8344 | 2.8390 | 2.8750 
3 6 NS-3 1.5000 | 3.0000 | 2.9798 | 2.8917 | 2.8850.| 2.7955 | 2.8196 | 2.8376 | 2.8917 | 2.8984 | 3.0000 
3 7 NS-3 1.2857 | 3.0000 | 2.9830 | 2.9072 | 2.9009 | 2.8247 | 2.8454 | 2.8609 | 2.9072 | 2.9135 | 3.0000 
3 gb NS-3 1.1250 | 3.0000 | 2.9848 | 2.9188 | 2.9129 | 2.8466 | 2.8647 | 2.8782 | 2.9188 | 2.9247 | 3.0000 
3 10 NS-3 0.9000 | 3.0000 | 2.9872 | 2.9350 | 2.9295 | 2.8773 | 2.8917 | 2.9025 | 2.9350 | 2.9405 | 3.0000 
3 12 N-3 0.7500 | 3.0000 | 2.9888 | 2.9459 | 2.9408 | 2.8978 | 2.9098 | 2.9188 | 2.9459 | 2.9510 | 3.0000 
3 14 NS-3 0.6429 | 3.0000 | 2.9902 | 2.9536 | 2.9487 | 2.9124 | 2.9227 | 2.9312 | 2.9536 | 2.9585 | 3.0000 ~ 
3 16 N-3 0.5625 | 3.0000 | 2.9910 | 2.9594 | 2.9547 | 2.9233 | 2.9323 | 2.9403 | 2.9594 | 2.9641 | 3.0000 
3 18 NS-3 0.5000 | 3.0000 | 2.9919 | 2.9639 | 2.9594 | 2.9318 | 2.9399 | 2.9475 | 2.9639 | 2.9684 | 3.0000 

® See Fig. 1. = 


For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 
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SCREW THREADS 321 
TABLE 20e—Class 3, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 
DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE 

‘ Threads Thread aes Major diameter Pitch diameter Minor Minor diameter Pitch diameter oe 

Size per inch symbol diameter® = 

Max Min Max Min Min Max Min Max Min 
3K 12 N-3 0.7500 | 3.1250 | 3.1138 | 3.0709 | 3.0657 | 3.0228 | 3.0348 | 3.0438 | 3.0709 | 3.0761 3.1250 
3g 16 N-3 0.5625 | 3.1250 | 3.1160 | 3.0844 | 3.0797 | 3.0483 | 3.0573 | 3.0653 | 3.0844 | 3.0891 3.1250 
3 6 NS-3 1.5000 | 3.2500 | 3.2298 | 3.1417 | 3.1350 | 3.0455 | 3.0696 | 3.0876 | 3.1417 | 3.1484 | 3.2500 
34 7 NS-3 1.2857 | 3.2500 | 3.2330 | 3.1572 | 3.1509 | 3.0747 | 3.0954 | 3.1109 | 3.1572 | 3.1635 3.2500 
3% gp NS-3 1.1250 | 3.2500 | 3.2348 | 3.1688 | 3.1628 | 3.0966 | 3.1147 | 3.1282 | 3.1688 | 3.1748 3.2500 
34 10 NS-3 0.9000 | 3.2500 | 3.2372 | 3.1850 | 3.1795 | 3.1273 | 3.1417 | 3.1525 | 3.1850 | 3.1905 | 3.2500 
34 12 N-3 0.7500 | 3.2500 | 3.2388 | 3.1959 | 3.1907 | 3.1478 | 3.1598 | 3.1688 | 3.1959 | 3.2011 3.2500 
34 14 NS-3 0.6429 | 3.2500 | 3.2402 | 3.2036 | 3.1987 | 3.1624 | 3.1727 | 3.1812 | 3.2036 | 3.2085 | 3.2500 
34 16 N-3 0.5625 | 3.2500 | 3.2410 | 3.2094 | 3.2046 | 3.1733 | 3.1823 | 3.1903 | 3.2094 | 3.2142 | 3.2500 
34 18 NS-3 0.5000 | 3.2500 | 3.2418 | 3.2139 | 3.2094 | 3.1818 | 3.1899 | 3.1975 | 3.2139 | 3.2184 | 3.2500 
336 12 N-3 0.7500 | 3.3750 | 3.3638 | 3.3209 | 3.3156 | 3.2728 | 3.2848 | 3.2938 | 3.3209 | 3.3262 | 3.3750 
» 336 16 N-3 0.5625 | 3.3750 | 3.3660 | 3.3344 | 3.3296 | 3.2983 | 3.3073 | 3.3153 | 3.3844 | 3.3392 | 3.3750 
3 6 NS-3 1.5000 | 3.5000 | 3.4798 | 3.3917 | 3.3848 | 3.2955 | 3.3196 | 3.3376 | 3.3917 | 3.3986 | 3.5000 
3% 7 NS-3 1.2857 | 3.5000 | 3.4830 | 3.4072 | 3.4007 | 3.3247 | 3.3454 | 3.3609 | 3.4072 | 3.4137 | 3.5000 
314 8 NS-3 1.1250 | 3.5000 | 3.4848 | 3.4188 | 3.4127 | 3.3466 | 3.3647 | 3.3782 | 3.4188 | 3.4249 | 3.5000 
3% 10 NS-3 0.9000 | 3.5000 | 3.4872 | 3.4850 | 3.4293 | 3.3773 | 3.3917 | 3.4025 | 3.43850 | 3.4407 | 3.5000 
3% 12 N-3 0.7500 | 3.5000 | 3.4888 | 3.4459 | 3.4406 | 3.3978 | 3.4098 | 3.4188 | 3.4459 | 3.4512 | 3.5000 
3% 14 NS-3 0.6429 | 3.5000 | 3.4902 | 3.4536 | 3.4485 | 3.4124 | 3.4227 | 3.4312 | 3.4536 | 3.4587 | 3.5000 
34 16 N-3 0.5625 | 3.5000 | 3.4910 | 3.4594 | 3.4545 | 3.4233 | 3.4323 | 3.4403 | 3.4594 | 3.4643 3.5000 
34 18 NS-3 0.5000 | 3.5000 | 3.4918 | 3.4639 | 3.4592 | 3.4818 | 3.4899 | 3.4475 | 3.4639 | 3.4686 | 3.5000 
354 12 N-3 0.7500 | 3.6250 | 3.61388 | 3.5709 | 3.5655 | 3.5228 | 3.5348 | 3.5438 | 3.5709 | 3.5673 | 3.6250 
354 16 N-3 0.5625 | 3.6250 | 3.6160 | 3.5844 | 3.5795 | 3.5483 | 3.5573 | 3.5653 | 3.5844 | 3.5893 | 3.6250 
334 6 NS-3 1.5000 | 3.7500 | 3.7298 | 3.6417 | 3.6348 | 3.5455 | 3.5696 | 3.5876 | 3.6417 | 3.6486 | 3.7500 
334 7 NS-3 1.2857 | 3.7500 | 3.7330 | 3.6572 | 3.6507 | 3.5747 | 3.5954 | 3.6109 | 3.6572 | 3.6637 | 3.7500 
334 gP NS-3 1.1250 | 3.7500 | 3.7348 | 3.6688 | 3.6627 | 3.5966 | 3.6147 | 3.6282 | 3.6688 | 3.6749 | 3.7500 
334 10 NS-3 0.9000 | 8.7500 | 3.7372 | 3.6850 | 3.6793_| 3.6273 | 3.6417 | 3.6525 | 3.6850 | 3.6907 | 3.7500 
334 12 N-3 0.7500 | 3.7500 | 3.7388 | 3.6959 | 3.6905 | 3.6478 | 3.6598 | 3.6688 | 3.6959 | 3.7013 | 3.7500 
334 14 NS-3 0.6429 | 3.7500 | 3.7402 | 3.7036 | 3.6985 | 3.6624 | 3.6727 | 3.6812 | 3.7036 | 3.7087 | 3.7500 
334 16 N-3 0.5625 | 3.7500 | 3.7410 | 3.7094 | 3.7044 | 3.6733 | 3.6823 | 3.6903 | 3.7094 | 3.7144 | 3.7500 
334 18 NS-3 0.5000 | 3.7500 | 8.7418 | 3.7139 | 3.7092 | 3.6818 | 3.6899 | 3.6975 | 3.7139 | 3.7186 | 3.7500 
3% 12 N-3 0.7500 | 3.8750 | 3.8638 | 3.8209 | 3.8154 | 3.7728 | 3.7848 | 3.7938 | 3.8209 | 3.8264 | 3.8750 
3% 16 N-3 0.5625 | 3.8750 | 3.8660 | 3.8344 | 3.8294 | 3.7983 | 3.8073 | 3.8153 | 3.8344 | 3.8394 | 3.8750 
4 6 NS-3 1.5000 | 4.0000 | 3.9798 | 3.8917 | 3.8846 | 3.7955 | 3.8196 | 3.8376 | 3.8917 | 3.8988 | 4.0000 
4 7 NS-3 1.2857 | 4.0000 | 3.9830 | 3.9072 | 3.9006 | 3.8247 | 3.8454 | 3.8609 | 3.9072 | 3.9188 | 4.0000 
4 gp NS-3 1.1250 | 4.0000 | 3.9848 | 3.9188 | 3.9125 | 3.8466 | 3.8647 | 3.8782 | 3.9188 | 3.9251 4.0000 
4 10 NS-3 0.9000 | 4.0000 | 3.9872 | 3.9350 | 3.9291 | 3.8773 | 3.8917 | 3.9025 | 3.9350 | 3.9409 | 4.0000 
4 12 N-3 0.7500 | 4.0000 | 3.9888 | 3.9459 | 3.9404 | 3.8978 | 3.9098 | 3.9188 | 3.9459 | 3.9514 | 4.0000 
4 14 NS-3 0.6429 | 4.0000 | 3.9902 | 3.9536 | 3.9483 | 3.9124 | 3.9227 | 3.9312 | 3.9536 | 3.9589 | 4.0000 
4 16 N-3 0.5625 | 4.0000 | 3.9910 | 3.9594 | 3.9543 | 3.9233 | 3.9323 | 3.9403 | 3.9594 | 3.9645 | 4.0000 
44 4 NS-3 2.2500 | 4.2500 | 4.2220 | 4.0876 | 4.0792 | 3.9433 | 3.9794 | 4.0065 | 4.0876 | 4 0960 4.2500 
44 6 NS-3 1.5000 | 4.2500 | 4.2298 | 4.1417 | 4.1846 | 4.0455 | 4.0696 | 4.0876 | 4.1417 | 4.1488 4.2500 
444 ai NS-3 1.2857 | 4.2500 | 4.2330 | 4.1572 | 4.1506 | 4.0747 | 4.0054 | 4.1109 | 4.1572 | 4.1638 4.2500 
444 gp NS-3 1.1250 | 4.2500 | 4.2348 | 4.1688 | 4.1625 | 4.0966 | 4.1147 | 4.1282 | 4.1688 | 4.1751 4.2500 
444 10 NS-3 0.9000 | 4.2500 | 4.2372 | 4.1850 | 4.1791 | 4.1273 | 4.1417 |*4.1525 | 4.1850 | 4.1909 4.2500 
44 12 N-3 0.7500 | 4.2500 | 4.2388 | 4.1959 | 4.1903 | 4.1478 | 4.1598 | 4.1688 | 4.1959 | 4.2015 | 4.2500 
44 14 NS-3 0.6429 | 4.2500 | 4.2402 | 4.2036 | 4.1983 | 4.1624 | 4.1727 | 4.1812 | 4.2036 | 4.2089 4.2500 
44 16 N-3 05625 | 4.2500 | 4.2410 | 4.2094 | 4.2042 | 4.1733 | 4.1823 | 4.1903 | 4.2094 | 4.2146 | 4.2500 
443 4 NS-3 2.2500 | 4.5000 | 4.4720 | 4.3376 | 4.3292 | 4.1933 | 4.2294 | 4.2565 | 4.3376 | 4.3460 | 4.5000 
dle 6 NS-3 1.5000 | 4.5000 | 4.4798 | 4.3917 | 4.3846 | 4.2955 | 4.3196 | 4.3376 | 4.3917 | 4.3988 | 4.5000 
Ale ig NS-3 1.2857 | 4.5000 | 4.4830 | 4.4072 | 4.4006 | 4.3247 | 4.3454 | 4.3609 | 4.4072 | 4.4138 | 4.5000 
4\6 gp NS-3 1.1250 | 4.5000 | 4.4848 | 4.4188 | 4.4125 | 4.3466 | 4.3647 | 4.3782 | 4.4188 | 4.4251 4.5000 
416 10 NS-3 0.9000 | 4.5000 | 4.4872 | 4.4350 | 4.4291 | 4.3773 | 4.3917 | 4.4025 | 4.4350 | 4.4409 | 4.5000 
416 12 N-3 0.7500 | 4.5000 | 4.4888 | 4.4459 | 4.4402 | 4.3978 | 4.4098 | 4.4188 | 4.4459 | 4.4516 4.5000 
46 14 NS-3 0.6429 | 4.5000 | 4.4902 | 4.4536 | 4.4483 | 4.4124 | 4.4227 | 4.4312 | 4.4536 | 4.4589 4.5000 
4h 16 N-3 0.5625 | 4.5000 | 4.4910 | 4.4594 | 4.4541 | 4.4233 | 4.4323 | 4.4403 | 4.4594 | 4.4647 | 4.5000 
1 See Fig. 
For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 
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322 SCREW THREADS 
TABLE 20f—Class 3, Selected Combinations of Special Diameter and Pitch—N, NEF, and NS 
DESIGNATION EXTERNAL-THREAD LIMITS OF SIZE INTERNAL-THREAD LIMITS OF SIZE 

: Threads Thread Tey x Major diameter Pitch diameter Minor Minor diameter Pitch diameter Fie 

Size per inch symbol diameter* 
Max Min Max Min Min Max Min Max Min 
434 4 NS-3 2.2500 | 4.7500 | 4.7220 | 4.5876 | 4.5789 | 4.4433 | 4.4794 | 4.5065 | 4.5876 | 4.5963 4.7500 
434 6 NS-3 1.5000 | 4.7500 | 4.7298 | 4.6417 | 4.6348 | 4.5455 | 4.5696 | 4.5876"| 4.6417 | 4.6491 4.7500 
434 7 NS-3 1.2857 | 4.7500 | 4.7330 |. 4.6572 | 4.6502 | 4.5747 | 4.5954 | 4.6109 | 4.6572 | 4.6642 4.7500 
434 8b NS-3 1.1250 | 4.7500 | 4.7348 | 4.6688 | 4.6621 | 4.5966 | 4.6147 | 4.6282 | 4.6688 | 4.6755 4.7500 
434 10 NS-3 0.9000 | 4.7500 | 4.7372 | 4.6850 | 4.6788 | 4.6273 | 4.6417 | 4.6525 | 4.6850 | 4. 6912 4.7500 
434 12 N-3 0.7500 | 4.7500 | 4.7388 | 4.6959 | 4.6901 | 4.6478 | 4.6598 | 4.6688 | 4.6959 | 4.7017 4.7500 
434 14 NS-3 0.6429 | 4.7500 | 4.7402 | 4.7036 | 4.6980 | 4.6624 | 4.6727 | 4.6812 | 4.7036 | 4.7092 4.7500 
434 16 N-3 0.5625 | 4.7500 | 4.7410 | 4.7094 | 4.7041 | 4.6733 | 4.6823 | 4.6903 | 4.7094 | 4.7147 4.7500 
5 4 NS-3 2.2500 | 5.0000 | 4.9720 | 4.8376 | 4.8289 | 4.6933 | 4.7294 | 4.7565 | 4.8376 | 4.8463 5.0000 
5 6 NS-3 1.5000 | 5.0000 | 4.9798 | 4.8917 | 4.8843 | 4.7955 | 4.8196 | 4.8376 | 4.8917 | 4.8991 5.0000 
5 "i NS-3 1.2857 | 5.0000 | 4.9830: | 4.9072 | 4.9002 | 4.8247 | 4.8454 | 4.8609 | 4.9072 | 4.9142 5.0000 
5 8> NS-3 1.1250 | 5.0000 | 4.9848 | 4.9188 | 4.9121 | 4.8466 | 4.8647 | 4.8782 | 4.9188 | 4.9255 5.0000 
5 10 NS-3 0.9000 | 5.0000 | 4.9872 | 4.9350 | 4.9288 | 4.8773 | 4.8917 | 4.9025 | 4.9350 | 4.9412 5.0000 
5 12 N-3 0.7500 | 5.0000 | 4.9888 | 4.9459 | 4.9400 | 4.8978 | 4.9098 | 4.9188 | 4.9459 | 4.9518 5.0000 © 
5 14 NS-3 0.6429 | 5.0000 | 4.9902 | 4.9536 | 4.9480 | 4.9124 | 4.9227 | 4.9312 | 4.9536 | 4.9592 5.0000 
5 16 N-3 0.5625 | 5.0000 | 4.9910 | 4.9594 | 4.9540 | 4.9233 | 4.9323 | 4.9403 | 4.9594 | 4.9648 5.0000 
54% 4 NS-3 2.2500 | 5.2500 | 5.2220 | 5.0876 | 5.0789 | 4.9483 | 4.9794 | 5.0065 | 5.0876 | 5.0963 5.2500 
54% 6 NS-3 1.5000 | 5.2500 | 5.2298 | 5.1417 | 5.1343 | 5.0455 | 5.0696 | 5.0876 | 5.1417 | 5.1491 5.2500 
5% 7 NS-3 1.2857 | 5.2500 | 5.2330 | 5.1572 | 5.1502 | 5.0747 | 5.0954 | 5.1109 | 5.1572 | 5.1642 5.2500 
54% 8b NS-3 1.1250 | 5.2500.| 5.2348 | 5.1688 | 5.1621 | 5.0966 5.1147 | 5.1282 | 5.1688 | 5.1755 5.2500 
54 10 NS-3 0.9000 | 5.2500 | 5.2372 | 5.1850 | 5.1788 | 5.1273 | 5.1417 | 5.1525 | 5.1850 | 5.1912 5.2500 
5% 12 N-3 0.7500 | 5.2500 | 5.2388 | 5.1959 | 5.1900 | 5.1478 | 5.1598 | 5.1688 | 5.1959 | 5.2018 5.2500 
54% 14 NS-3 0.6429 | 5.2500 | 5.2402 | 5.2036 | 5.1980 | 5.1624 | 5.1727 | 5.1812 | 5.2036 | 5.2092 5.2500 
54% 16 N-3 0.5625 | 5.2500 | 5.2410] 5.2094 | 5.2039 | 5.1733 | 5.1823 | 5.1903 | 5.2094 | 5.2149 5.2500. 
54 4 NS-3 2.2500 | 5.5000 | 5.4720 | 5.3376 | 5.3289 | 5.1933 | 5.2294 | 5.2565 | 5.3376 | 5.3463 5.5000 
5% 6 NS-3 1.5000 | 5.5000 | 5.4798 | 5.3917 | 5.3843 | 5.2955 | 5.3196 | 5.3376 | 5.3917 | 5.3991 5.5000 
514 a NS-3 1.2857 | 5.5000 | 5.4830 | 5.4072 | 5.4002 | 5.3247 | 5.3454 | 5.3609 | 5.4072 | 5.4142 5.5000 
5% 8» N§S-3 1.1250 | 5.5000 | 5.4848 | 5.4188 | 5.4121 | 5.3466 | 5.3647 | 5.3782 | 5.4188 | 5.4255 5.5000 
54 10 NS-3 0.9000 | 5.5000 | 5.4872 | 5.4350 | 5.4288 | 5.3773 | 5.3917 | 5.4025 | 5.4350 | 5.4412 5.5000 © 
54 12 N-3 0.7500 | 5.5000 | 5.4888 | 5.4459 | 5.4899 | 5.3978 | 5.4098 | 5.4188 | 5.4459 | 5.4519 5.5000 
5% 14 NS-3 0.6429 | 5.5000 | 5.4902 | 5.4536 | 5.4480 | 5.4124 | 5.4227 | 5.4312 | 5.4536 | 5.4592 5.5000 
54% 16 N-3 0.5625 | 5.5000 | 5.4910 | 5.4594 | 5.4588 | 5.4233 | 5.4328 | 5.44038 | 5.4594 | 5.4650 5.5000 
534 4 NS-3 2.2500 | 5.7500 | 5.7220 | 5.5876 | 5.5786 | 5.4433 | 5.4794 | 5.5065 | 5.5876 | 5.5966 5.7500 
534 6 NS-3 1.5000 | 5.7500 | 5.7298 | 5.6417 | 5.6340 | 5.5455 | 5.5696 | 5.5876 | 5.6417 | 5.6494 5.7500 
534 i NS-3 1.2857 | 5.7500 | 5.7330 | 5.6572 | 5.6499 | 5.5747 | 5.5954 | 5.6109 | 5.6572 | 5.6645 5.7500 
534 8b NS-3 1.1250 | 5.7500 | 5.7348 | 5.6688 | 5.6618 | 5.5966 | 5.6147 | 5.6282 | 5.6688 | 5.6758 5.7500 
534 10 NS-3 0.9000 | 5.7500 | 5.7372 | 5.6850 | 5.6785 | 5.6273 | 5.6417 | 5.6525 | 5.6850 | 5.6915 5.7500 
534 12 N-3 0.7500 | 5.7500 | 5.7388 | 5.6959 | 5.6898 | 5.6478 | 5.6598 | 5.6688 | 5.6959 | 5.7020 5.7500 
534 14 NS-3 0.6429 | 5.7500 | 5.7402 | 5.7036 | 5.6977 | 5.6624 | 5.6727 | 5.6812 | 5.7036 | 5.7095 5.7500 
53% 16 N-3 0.5625 | 5.7500 | 5.7410 | 5.7094 | 5.7038 | 5.6733 | 5.6823 | 5.6908 | 5.7094 | 5.7150 5.7500 
6 4 NS-3 2.2500 | 6.0000 | 5.9720 | 5.8376 | 5.8286 | 5.6933 | 5.7294 | 5.7565 | 5.8376 | 5.8466 6.0000 — 
6 6 NS-3 1.5000 | 6.0000 | 5.9798 | 5.8917 | 5.8840 | 5.7955 | 5.8196 | 5.8376 | 5.8917 | 5.8994 6.0000 
6 it NS-3 1.2857 | 6.0000 | 5.9830 | 5.9072 | 5.8999 | 5.8247 | 5.8474 | 5.8609 | 5.9072 | 5.9145 6.0000 
6 8b NS-3 1.1250 | 6.0000 | 5.9848 | 5.9188 | 5.9118 | 5.8466 | 5.8647 | 5.8782 | 5.9188 | 5.9258 6.0000 
6 10 NS-3 0.9000 | 6.0000 | 5.9872 | 5.9850 | 5.9285 | 5.8773 | 5.8917 | 5.9025 | 5.9350 | 5.9415 6.0000 
6 12 N-3 0.7500 | 6.0000 | 5.9888 | 5.9459 | 5.9397 | 5.8978 | 5.9098 | 5.9188 | 5.9459 | 5.9521 6.0000 
6 14 NS-3 0.6429 | 6.0000 | 5.9902 | 5.9536 | 5.9477 | 5.9124 | 5.9227 | 5.9312 | 5.9536 | 5.9595 6.0000 
6 16 N-3 0.5625 | 6.0000 | 5.9910 | 5.9594 | 5 9537 | 5.9233 | 5.9323 | 5.9403 | 5.9594 | 5.9651 6.0000 
* See Fig. 1. 


» For special applications where tolerances based on a 9-thread length of engagement are more suitable than those of the standard 8-pitch series. 
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tolerance. (Table 
21, Col 4 and 8) 


diameter minus h» 
(Table 1, Col 15) 


(Table 30 or Table 34) for 


| diameter, pitch, and length of 


engagement of respective 


thread 


Capea MAJOR DIAMETER (Ds OR Bs) PITCH DIAMETER (Es) 
] - MINOR DIAMETER (Ks) 
} eee and Maximum Minimum Maximum Minimum 
1A Nominal size minus} Maximum minus | Maximum major | Maximum minus tolerance | Not specified, being estab- 
allowance (Table | tolerance (Table | diameter minus h» | (Table 23 or Table 33) for di- | lished by crest of new tool and 
22) for diameter | 21, Col 2 and 6) (Table 1, Col 15) | ameter, pitch, and length of | minimum minor diameter of 
and pitch of respec- engagement of respective | Go-ring gage 
tive thread thread 
2A Nominal size minus| Maximum minus | Maximum major | Maximum minus tolerance | Not specified, being estab- 
allowance (Table | tolerance (Table | diameter minus | (Table 24 or Table 33) for | lished by crest of new tool and 
22) for diameter | 21, Col 3 and 7) h» (Table 1,Col15) | diameter, pitch, and length | minimum minor diameter of 
and pitch of respec- of engagement of respective | Go-ring gage ~ 
tive thread thread 
3A Nominal size Maximum minus | Maximum major | Maximum minus tolerance | Not specified, being estab- 
tolerance (Table | diameter minus | (Table 25 or Table 38) for | lished by crest of new tool and 
21, Col 3 and 7) hy (Table 1, Col 15) | diameter, pitch, and length | minimum minor diameter of 
of engagement of respective | Go-ring gage 
ie thread 
1 Nominal size minus| Maximum minus | Maximum major | Maximum minus tolerance | Not specified, being estab- 
allowance (Table | tolerance (Table | diameter minus | (Table 36) for diameter, pitch,| lished by crest of new tool and 
35, Col 2) 35, Col 3) hy (Table 1, Col 15) | and length of engagement of | minimum minor diameter of 
| respective thread | Go-ring gage 
2 Nominal size Maximum minus | Maximum major | Maximum minus tolerance | Not specified, being estab- 
tolerance (Table | diameter minus h, | (Table 29 or Table 34) for | lished by crest of new tool and 
21, Col 4 and 8) (Table 1, Col 15) diameter, pitch, and length of | minimum minor diameter of 
| engagement of respective | Go-ring gage 
thread 
3 Nominal size Maximum minus | Maximum major | Maximum minus tolerance | Not specified, being estab- 


lished by crest of new tool and 
minimum minor diameter of 
Go-ring gage 
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THREAD 
CLASSES| 


MINOR DIAMETER (Kn) 


PITCH DIAMETER (Ep) 


Unified 
and 
Amer- 


ican 


Minimum 


Maximum 


Minimum 


Maximum 


MAJOR DIAMETER (Dyn oR Bn) 


1B 


Nominal size minus 
2h, (Table 1, Col 5) 


Minimum plus tolerance 
(Table 31) for diameter, 
pitch, and length of engage- 
ment of respective thread 


Nominal size minus 
hy (Table 1, Col 15) 


Minimum plus tolerance 
(Table 26 or Table 33) for 
diameter, pitch, and length 
of engagement 


Not specified, being estab- 
lished by crest of new tool 
and maximum major dia- 
meter of Go-plug thread gage 


Nominal size minus 
2h, (Table 1, Col 5) 


Minimum plus tolerance 
(Table 31) for diameter, 
pitch, and length of engage- 
ment of respective thread 


Nominal size minus 
hy (Table 1, Col 15) 


Nominal size minus 
2hn (Table 1, Col 5) 


Minimum plus tolerance 
(Table 31) for diameter, 
pitch, and length of engage- 
ment of respective thread 


Nominal size minus 
hy (Table 1, Col 15) 


Minimum plus tolerance 
(Table 27 or Table 33) for 
diameter, pitch, and length 
of engagement 


Not specified, being estab- 
lished by crest of new tool 
and maximum major dia- 
meter of Go-plug gage. 


Minimum plus tolerance 
(Table 28 or Table 33) for 
diameter, pitch, and length 
of engagement 


Nominal size minus 
2hn (Table 1, Col 5) 


Minimum plus tolerance 
(Table 35, Col 7) 


Nominal size minus 
2h,» (Table 1, Col 5) 


Nominal size minus 
2hn (Table 1, Col 5) 


Minimum plus tolerance 
(Table 32) for diameter, 
pitch, and length of engage- 
ment of respective thread 


Minimum plus tolerance 
(Table 32) for diameter, 
pitch, and length of engage- 
ment of respective thread 


Nominal size minus 
hy (Table 1, Col 15) 


Nominal size minus 
hy (Table 1, Col 15) 


Nominal size minus 


hy (Table 1, Col 15) 


Minimum plus tolerance 
(Table 36) for diameter, 
pitch, and length of engage- 
ment of respective thread 
Minimum plus tolerance 
(Table 29 or Table 34) for 
diameter, pitch, and length 
of engagement of respective 
thread 


Minimum plus tolerance 
(Table 30 or Table 34) for 
diameter, pitch, and length 
of engagement of respective 
thread 


Not specified, being estab- 
lished by crest of new tool 
and maximum major dia- 
meter of Go-plug gage 


Not specified, being estab- 


lished by crest of new tool — 


and maximum major dia- 
meter of Go-plug gage 


Not specified, being estab- 


lished by crest of new tool — 


and maximum major dia- 
meter of Go-plug gage 


Not specified, being estab- 


lished by crest of new tool 
and maximum major dia- 
meter of Go-plug gage 
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| TABLE 21—Major-Diameter Tolerances for External Threads of Special Diameters, Pitches, and Lengths of Engagement, 
} Classes 1A, 2A, 8A, 2, and 3 
] | MAJOR-DIAMETER TOLERANCE MAJOR-DIAMETER TOLERANCE 
|| THREADS THREADS 
| PER INCH Cl 2A Cl 2 PER INCH 
Class 1A Class 3A Class 3 Class 14 Class 3A Class 3 
i 80 — 0.0032 0.0034 20 0.0122 0.0081 0.0072 
72 — 0.0035 0.0036 18 0.0131 0.0087 0.0082 
64 — 0.0038 0.0038 16 0.0142 0.0094 0.0090 
56 — 0.0041 0.0040 14 0.0155 0.0103 0.0098 
48 — 0.0045 0.0040 12 0.0172 0.0114 0.0112 
40 0.0077 0.0051 0.0048 10 0.0194 0.0129 0.0128 
36 0.0083 0.0055 0.0050 8 0.0225 0.0150 0.0152 
| 32 0.0089 0.0060 0.0054 ie 0.0246 0.0164 0.0170 
| 28 0.0098 0.0065 0.0062 6 0.0273 0.0182 0.0202 
| 24 0.0108 0.0072 0.0066 4 0.0357 0.0238 0.0280 
i 
| TABLE 22—Classes 1A and 2A, Allowances for External Threads of Special Diameters and Pitches—UNS and NS 
4 PITCH-DIAMETER* ALLOWANCES? 
ay 
Wg Vie 342 1 46 M1 % % i % 1 14 1% 
| 3 0.0600 0.0782 0.1095 0.1564 0.2189 0.3126 0.4376 0.5626 0.6876 0.8751 1.1251 1.3751 
| Z to to to to to to to to to to to to 
ma. 0.0781 0.1094 0.1563 0.2188 0.3125 0.4375 0.5625 0.6875 0.8750 1.1250 1.3750 1.6250 
‘|| 80 0.0006 0.0006 0.00086 0.0007 0.0007 — _ — — _ — — 
i 72 0.0006 | 0.0006 0.0006 0.0007 0.0007 0.0007 — — — — — — 
| 64 0.0006 0.0007 0.0007 0.0007 0.0007 0.0008 0.0008 — — — — 
i 56 — 0.0007 0.0007 0.0007 0.0008 0.0008 0.0009 0.0009 0.0009 — — — 
|| 48 _ 0.0007 0.0008 0.0008 0.0008 0.0009 0.0009 0.0009 0.0009 — — _ 
40 — — 0.0008 0.0009 0.0009 0.0009 0.0010 0.0010 0.0010 0.0010 _ _ 
| 36 — _ 0.0009 0.0009 0.0009 0.0010 0.0010 0.0010 0.0010 0.0011 0.0011 0.0012 
I 82 — — 0.0009 0.0009 0.0010 0.0010 0.0010 0.0011 0.0011 0.0011 0.0012 0.0012 
|| 28 — — a 0.0010 0.0010 0.0011 0.0011 0.0011 0.0012 0.0012 0.0012 0.0013 
| 24 — — — 0.0011 0.0011 0.0011 0.0012 0.0012 0.0012 0.0013 0.0013 0.0013 
1/20 — — _ — 0.0012 0.0012 0.0013 0.0013 0.0013 0.0014 0.0014 0.0014 
|, 18 — — — —_— — 0.0013 0.0013 0.0014 0.0014 0.0014 0.0015 0.0015 
|| 16 — — — — — 0.0014 0.0014 0.0014 0.0015 0.0015 0.0015 0.0016 
\| 14 a = a me — _ 0.0015 0.0015 0.0015 0.0016 0.0016 0.0017 
ip 12 — — — — a — 0.0016 0.0016 0.0017 0.0017 0.0017 0.0018 
| 10 — — — = = is ee = 0.0018 | 0.0018 | 0.0019 | 0.0019 
le 8 =; = == = = — — - — 0.0021 | 0.0021 0.0021 
16 — — — = — — == — — — _ 0.0024 
| 2a a 3 = = - | = ee = = = = 
7} | 
| PITCH-DIAMETER® ALLOWANCES” 
| { 1%4 2 2% 3 3% 4 5 6 8 10 12 THREADS PER INCH 
|| 1.6251 1.8751 2.2501 2.7501 3.2501 3.7501 4.5001 5.5001 7.0001 9.0001 11.0001 
to to to to to to to te to to to 
| 1.8750 2.2580 2.7500 3.2500 3.7500 4.5000 5.5000 7,0000 9.0000 11.0000 || 13.0000 
ai) 
oo — — — — = = = — — — 80 
| — — _ _— = — <= — — — — 72 
; — _— — — 64 
== = — — NOTES 56 
— _ _ = 48 
Classes 1A and 2A allowances are determined by multiplying Class 2A 
= — — — pitch-diameter tolerances (computed to six decimal places) by 0.3 and 40 
= — — — are based on lengths of engagement of nine pitches. 36 
0.0012 | 0.0013 | 0.0013 | 0.0013 32 
0.0013 0.0013 0.0014 0.0014 0.0014 0.0015 — — = = = 28 
0.0014 0.0014 0.0014 0.0015 0.0015 0.0015 0.0016 0.0016 _— — = 24 
0.0015 0.0015 0.0015 0.0016 0.0016 0.0016 0.0017 0.0017 -- — — 20 
0.0015 0.0015 0.0016 0.0016 0.0017 0.0017 0.0017 0.0018 0.0019 — — 18 
0.0016 0.0016 0.0017 0.0017 0.0017 0.0018 0.0018 0.0019 0.0019 0.0020 — 16 
0.0017 0.0017 0.0017 0.0018 0.0018 0.0018 0.0019 0.0020 0.0020 0.0021 0.0022 14 
0.0018 0.0018 0.0019 0.0019 0.0019 0.0020 0.0020 0.0021 0.0021 0.0022 0.0023 12 
0.0019 0.0020 0.0020 0.0020 0.0021 0.0021 0.0022 0.0022 0.0023 0.0024 0.0024 10 
0.0021 0.0022 0.0022 0.0023 0.0023 0.0023 0.0024 0.0024 0.0025 0.0026 0.0026 8 
0.0025 0.0025 0.0025 0.0026 0.0026 0.0026 0.0027 0.0027 0.0028 0.0029 0.0029 6 
== 0.0030 0.0031 0.0031 0.0031 0.0032 0.0032 0.0033 0.0034 0.0034 0.0035 4 
} British: Effective Diameter. 
Allowances are based on diameters given in common fractions, which are the means of the diameter ranges expressed in decimals. 
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TABLE 23—Class 1A, Pitch-Diameter Tolerances for External Threads 
LENGTHS OF ENGAGEMENT PITCH-DIAMETER® TOLERANCES? 
THREADS Ye 340 36 Y% 54 
PER INCH | Number of ae 0.0600 0.0782 0.1095 0.1564 0.2189 0.3126 0.4376 0.5626 0.6876 
pitches menes to to to to to to to to to 
0.0781 0.1094 0.1563 0.2188 0.3125 0.4375 0.5625 0.6875 0.8750 
80 5 to 15 | 0.06 to 0.19 —_ — = — —_ — — — — 
16 to 30 | 0.191 to 0.38 — — — a= —_ — — a — 
72 5 to 15 | 0.07 to 0.21 — — — <= —_ -- —_— _ — 
16 to 30 | 0.211 to 0.42 — — — —_— — — —_ —- 
64 5 to 15 | 0.08 to 0.23 — —_— —_ — _— -- —_ — — 
16 to 30 | 0.231 to 0.46 — — —_— — —_ “= _ — — 
56 5 to 15 | 0.09 to 0.27 — — — — — — — — — 
16 to 30 | 0.271 to 0.54 — —_— —_ — — — — — — 
3 5 to 15 | 0.10 to 0.31 ae = ae — = eS ae - = 
16 to 30 | 0.311 to 0.62 — = = — aS SS t — — — 
40 5 to 15 | 0.12 to 0.38 — — 0.0041 0.00438 0.0044 0.0046 0.0048 0.0049 0.0050 
16 to 30 | 0.381 to 0.76 — — 0.0046 0.0048 0.0049 0.0051 0.0053 0.0054 0.0056 
36 5 to 15 | 0.14 to 0.42 — — 0.0043 0.0045 0.0046 0.0048 0.0050 0.0051 0.0052 
16 to 30 | 0.421 to 0.84 — — — 0.0050 0.0052 0.0054 0.0055 0.0057 0.0058 
39 5 to 15 | 0.16 to 0.47 — — 0.0045 0.0047 0.0048 0.0050 0.0052 0.0053 0.0055 
16 to ‘30 | 0.471 to 0.94 = — —_— 0.0053 0.0054 0.0056 0.0058 0.0059 0.0061 
28 5 to 15 | 0.18 to 0.54 —_ — _— 0.0050 0.0051 0.0053 0.0055 0.0056 0.0058 
16 to 30 | 0.541 to 1.08 — — = 0.0056 0.0058 0.0060 0.0061 0.0063 0.0064 
24 5 to 15 | 0.21 to 0.62 — —_ a 0.0054 0.0055 0.0057 0.0059 0.0060 0.0061 
16 to 30 | 0.621 to 1.24 — — — = 0.0062 0.0064 0.0065 0.0067 0.0068 
20 5 to 15 | 0.25 to 0.75 —_— —hy4 = —_ 0.0060 0.0062 0.0063 0.0065 0.0066 — 
16 to 30 | 0.751 to 1.50 — — = = 0.0067 0.0069 0.0071 0.0072 0.0073 
18 (5 to 15 | 0.28 to 0.83 — —_ = — _ 0.0065 0.0067 0.0068 0.0069 
16 to 30 | 0.831 to 1.66 — — -— — — 0.0073 0.0074 0.0076 0.0077 
16 5 to 15 | 0.31 to 0.94 —_— — == = _— 0.0069 0.0070 0.0072 0.0073 
16 to 30 | 0.941 to 1.88 — —_ a — —_— 0.0076 0.0077 0.0079 0.0080 
14 5 to 15 | 0.36 to 1.07 —_ — — — = —_ 0.0075 0.0076 0.0077 
16 to 30 | 1.071 to 2.14 — —_ == — —_ —_— 0.0083 0.0085 0.0086 
12 5 to 15 | 0.42 to 1.25 — — = = _— — 0.0080 0.0082 0.0083 
16 to 30 | 1.251 to 2.50 —_— — — — _ — 0.0090 0.0091 0.0092 
10 5 to 15 | 0.50 to 1.50 — —_— = — = — — _— 0.0090 
16 to 30 | 1.501 to 3.00 —_ — = = — — — — 0.0101 
8 5 to 15 | 0.62 to 1.88 — <= — — = _ == ay — 
16 to 30 | 1.881 to 3.76 — a — — —_ — — — _— 
7 5 to 15 | 0.71 to 2.14 — — -- — — — — — — 
16 to 30 | 2.141 to 4.29 — —_ — — — — — os 
6 5 to 15 | 0.83 to 2.50 “= —_— — oo — oa —- — a 
16 to 30 | 2.501 to 5.00 _— _ — — — — — — —_ 
4 5 to 15 | 1.25 to 3.75 ~ — —_ — — — — — a 
16 to 30 | 3.751 to 7.50 _— —_— — — — — —_ oo — 


= British: Effective Diameter. a ; ° 
Tolerances are based on diameters given in common fractions, which are the means of the diameter ranges expressed in decimals. 
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PITCH-DIAMETER® TOLERANCES? 


1% 114 1% | 2 214 3 3% 4 5 6 8 10 12 THREADS 
1.1251 1.3751 1.6251 1.8751 2.2501 2.7501 3.2501 3.7501 4.5001 5.5001 7.0001 9.0001 11.0001 SeeSINCH 
to to to to to to to to to to to to to 
1.3750 1.6250 1.8750 | 2.2500 2.7500 3.2500 3.7500 4.5000 5.5000 7.0000 9.0000 | 11.0000 | 13.0000 
— — NOTES 
— = 1. These values do not agree with and shall not be used in place of any tabulated values ae 
for the UNC, UNF, and 8N thread series. 
-—— — 2. Formula: 
— — Class 1A tolerances for external threads are determined by multiplying Class 2A tol- ja 
erances (computed to six decimal places) by 1.500. See Note 2, Table 24, for formula 
— — for Class 2A tolerances. 
— — 3. Length of engagement increments included in the tabulated tolerances for lengths of - 
engagement of from 5 to 15 pitches are based on lengths of 9 pitches; those for lengths 
— — of engagement from 16 to 30 pitches are based on lengths of 20 pitches. For lengths of 6 
— — engagement not tabulated, the formula in Note 2 should be applied. 5 
4. Pitches listed are those used most commonly and are recommended. Where intermediate 
— — pitches are specified, the formula in Note 2 should be applied. 4 
— — 5. Tolerances are tabulated only for combinations of diameter, pitch, and length of en- s 
gagement which are considered to be generally used. For other combinations encoun- 
— — tered, see Limitations of Design, Appendix D. 40 
: 0.0056 | 0.0058 | | 3 
0.0060 | 0.0062 | 0.0063; — —§ — — : 
0.0057 | 0.0058 | 0.0060 | 0.0061 | 0.0063 | 0.0065 | 0.0067 39 
0.0063 | 0.0064 | 0.0066 | 0.0067 | 0.0068 | 0.0071 | 0.0073 
‘| 0.0060 | 0.0061 | 0.0063 | 0.0064 | 0.0066 | 0.0068 | 0.0070 | 0.0071 | 0.0073 | 98 
0.0066 | 0.0068 | 0.0069 | 0.0071 | 0.0072 | 0.0074 | 0.0076 | 0.0078 | 0.0079 — — — _ -- 
0.0063 | 0.0065 | 0.0067 | 0.0068 | 0.0069 | 0.0071 | 0.0073 | 0.0075 | 0.0077 | 0.0079 | 0.0082 oA 
0.0070 | 0.0072 | 0.0073 | 0.0075 | 0.0076 | 0.0078 | 0.0080 | 0.0082 | 0.0083 | 0.0086 | 0.0088 
‘| 0.0068 | 0.0070 | 0.0071 | 0.0073 | 0.0074 | 0.0076 | 0.0078 | 0.0080 | 0.0081 | 0.0084 | 0.0087 20 
| 0.0076 | 0.0077 | 0.0079 | 0.0080 | 0.0081 | 0.0084 | 0.0085 | 0.0087 | 0.0089 | 0.0092 | 0.0094 is 
0.0071 | 0.0073 | 0.0074 | 0.0076 | 0.0077 | 0.0079 | 0.0081 | 0.0083 | 0.0084 | 0.0087 | 0.0090 | 0.0094 — — 18 
0.0079 | 0.0081 | 0.0082 | 0.0084 | 0.0085 | 0.0087 | 0.0089 | 0.0091 | 0.0092 | 0.0095 | 0.0097 | 0.0101 _— a 
} 0.0075 | 0.0077 | 0.0078 | 0.0079 | 0.0081 | 0.0083 | 0.0085 | 0.0086 | 0.0088 | 0.0091 | 0.0093 | 0.0097 | 0.0101 — 16 
| 0.0082 | 0.0084 | 0.0085 | 0.0086 | 0.0088 | 0.0090 | 0.0092 | 0.0093 | 0.0095 | 0.0098 | 0.0100 | 0.0104 | 0.0108 — 
| 0.0079 | 0.0081 | 0.0083 | 0.0084 | 0.0085 | 0.0087 | 0.0089 | 0.0091 | 0.0092 | 0.0095 | 0.0098 | 0.0102 | 0.0105 | 0.0108 14 
| 0.0088 | 0.0090 | 0.0091 | 0.0093 | 0.0094 | 0.0096 | 0.0098 | 0.0100 | 0.0101 | 0.0104 | 0.0107 | 0.0111 | 0.0114 | 0.0117 
4 
i 0.0085 | 0.0087 | 0.0088 | 0.0090 | 0.0091 | 0.0093 | 0.0095 | 0.0097 | 0.0098 | 0.0101 | 0.0103 | 0.0107 | 0.0111 | 0.0114 12 
0.0094 | 0.0096 | 0.0098 | 0.0099 | 0.0100 | 0.0103 | 0.0104 | 0.0106 | 0.0108 | 0.0110 | 0.0113 | 0.0117 | 0.0120 | 0.0123 
0.0092 | 0.0094 | 0.0096 | 0.0097 | 0.0098 | 0.0100 | 0.0102 | 0.0104 | 0.0106 | 0.0108 | 0.0111 | 0.0115 | 0.0118 | 0.0121 10 
0.0103 | 0.0105 | 0.0106 | 0.0107 | 0.0109 | 0.0111 | 0.0113 | 0.0114 | 0.0116 | 0.0119 | 0.0121 | 0.0125 | 0.0129 | 0.0132 
| 0.0103 | 0.0104 | 0.0106 | 0.0107 | 0.0108 | 0.0111 | 0.0113 | 0.0114 | 0.0116 | 0.0119 | 0.0121 | 0.0125 | 0.0129 | 0.0132 P 
| 0.0114 | 0.0116 | 0.0118 | 0.0119 | 0.0120 | 0.0122 | 0.0124 | 0.0126 | 0.0128 | 0.01380 | 0.0133 | 0.0137 | 0.0140 | 0.0143 
— 0.0111 | 0.0113 | 0.0114 | 0.0115 | 0.0118 | 0.0119 | 0.0121 | 0.0123 | 0.0125 | 0.0128 | 0.0132 | 0.0135 | 0.0139 7 
0.0124 | 0.0125 | 0.0127 | 0.0128 | 0.0180 | 0.0132 | 0.0134 | 0.0135 | 0.0138 | 0.0140 | 0.0145 | 0.0148 | 0.0151 
0.0121 | 0.0123 | 0.0124 | 0.0126 | 0.0128 | 0.0130 | 0.0131 | 0.0134 | 0.0137 | 0.0141 | 0.0144 | 0.0147 6 
0.0135 | 0.0136 | 0.0138 |_0.0140 | 0.0142 | 0.0143 | 0.0145 | 0.0148 | 0.0150 | 0.0154 | 0.0158 | 0.0161 
_ = 0.0151 | 0.0154 | 0.0155 | 0.0157 | 0.0159 | 0.0162 | 0.0164 | 0.0168 | 0.0172 | 0.0175 4 
— — 0.0168 | 0.0170 | 0.0172 | 0.0174 | 0.0175 | 0.0178 | 0.0180 | 0.0185 | 0.0188 | 0.0191 
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LENGTHS OF ENGAGEMENT PITCH-DIAMETER® TOLERANCES? 
THREADS Yo 340 1g oe \Y 34 % 5% % 
PER INCH | Number of 0.0600 0.0782 0.1095 0.1564 0.2189 0.3126 0.4376 0.5626 0.6876 
pitches Inches to to to to to to to to to 
0.0781 0.1094 0.1563 0.2188 0.3125 0.4375 0.5625 0.6875 0.8750 
3 5 to 15 | 0.06 to 0.19 | 0.0019 0.0020 0.0021 0.0022 0.0023 —_ _ a — 
\16 to 30 | 0.191 to 0.38 | 0.0022 0.0022 0.0023 0.0024 0.0025 — — — 
9 5 to 15 | 0.07 to 0.21 | 0.0020 0.0021 0.0021 0.0023 0.0023 0.0025 = — — 
e 16 to 30 | 0.211 to 0.42 = 0.0023 0.0024 0.0025 0.0026 0.0027 a= — — 
64 5 to 15 | 0.08 to 0.23 | 0.0021 0.0022 0.0022 0.0024 0.0024 0.0026 0.0027 = — 
16 to 30 | 0.231 to 0.46 os 0.0025 0.0025 0.0026 0.0027 0.0029 0.0030 = _ 
56 5 to 15 | 0.09 to 0.27 = 0.0023 0.0024 0.0025 0.0026 0.0027 0.0028 0.0029 0.0030 
16 to 30 | 0.271 to 0.54 = 0.0026 0.0027 0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 
48 5 to 15 | 0.10 to 0.31 == 0.0025 0.0025 0.0026 0.0027 0.0029._| 0.0030 0.0031 0.0031 
16 to 30 | 0.311 to 0.62 == = 0.0029 0.0030 | 0.0030 | 0.0032 0.0033 0.0034 0.0035 
40 5 to 15 | 0.12 to 0.38 == = 0.0027 0.0029 0.0029 0.0031 0.0032 0.0033 0.0034 
16 to 30 | 0.381 to 0.76 = = 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037 
36 5 to 15 | 0.14 to 0.42 = = 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034 0.0035 
16 to 30 | 0.421 to 0.84 = = = 0.0034 0.0034 0.0036 0.0037 0.0038 0.0039 
32 5 to 15 | 0.16 to 0.47 = = 0.0030 0.0031 0.0032 0.0034 0.0035 0.0036 0.0036 
16 to 30 | 0.471 to 0.94 == a = 0.0035 0.0036 0.0038 0.0039 0.0040 0.0040 
98 5 to 15 | 0.18 to 0.54 = a aa 0.0033 0.0034 0.0036 0.0037 0.0038 0.0038 
16 to 30 | 0.541 to 1.08 = == = 0.0038 0.0038 0.0040 0.0041 0.0042 0.0043 
04 { 5 to 15 | 0.21 to 0.62 == = = 0.0036 0.0037 0.0038 0.0039 0.0040 0.0041 
16 to 30 | 0.621 to 1.24 = — = = 0.0041 0.0043 0.0044 0.0045 0.0045 
20 5 to 15 | 0.25 to 0.75 = = “ee a 0.0040 0.0041 0.0042 0.0043 0.0044 
16 to 30 | 0.751 to 1.50 <= aaa = == 0.0045 0.0046 0.0047 0.0048 0.0049 
18 5 to 15 | 0.28 to 0.83 == == a = os 0.0043 0.0044 0.0045 0.0046 
16 to 30 | 0.831 to 1.66 = = == = = 0.0048 0.0050 0.0050 0.0051 
16 5 to 15 | 0.31 to 0.94 css = = = = 0.0046 0.0047 0.0048 0.0049 | | 
16 to 30 | 0.941 to 1.88 = = = = a 0.0050 0.0051 0.0052 0.0053 
14 5 to 15 | 0.36 to 1.07 ao = = = a = 0.0050 0.0051 0.0051 
16 to 30 | 1.071 to 2.14 = — = ae = = 0.0056 0.0057 0.0057 
12 5 to 15 | 0.42 to 1.25 = = = = a a 0.0054 0.0054 0.0055 
16 to 30 | 1.251 to 2.50 = = = = == aa 0.0060 0.0061 0.0062 
10 5 to 15 | 0.50 to 1.50 == = al == a= = oe == 0.0060 
16 to 30 | 1.501 to 3.00 = == = = = = = ae 0.0067 
8 5 to 15 | 0.62 to 1.88 = = = cal = == = = oa 
16 to 30 | 1.881 to 3.76 = = == a a aa = =s == 
7 5 to 15 | 0.71 to 2.14 a; — — == aS — _— — — 
16 to 30 | 2.141 to 4.29 = == — = a — — = — 
6 5 to 15 | 0.83 to 2.50 = == aaa — = =e — — = 
16 to 30 | 2.501 to 5.00 = = == = = = = — = 
4 5 to 15 | 1.25 to 3.75 — == = = = = = = = 
16 to 30 | 3.751 to 7.50 = = = ar = = — = = 


* British: Effective Diameter. , 
Tolerances are based on diameters given in common fractions, which are the means of the diameter ranges expressed in decimale. 
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| of Special Diameters, Pitches, and Lengths of Engagement—UNS and NS 
PITCH-DIAMETER® TOLERANCES” 
| 1 14 1% 134 2 2% 3 3% 4 5 6 | oa 10 12 THREADS 
0.8751 1.1251 1.3751 1.6251 1.8751 2.2501 2.7501 3.2501 3.7501 4.5001 | 5.5001 7.0001 9.0001 | 11.0001 FER INH 
to to to to to to to to to to to to to to 
1.1250 1.3750 1.6250 1.8750 2.2500 2.7500 3.2500 3.7500 4.5000 5.5000 7.0000 9.0000 | 11.0000 | 13.0000 
— — — _ NOTES 80 
— — — — 1. These values do not agree with and shall not be used in place of any tabulated 
| values for the UNC, UNF, and 8N thread series. 
| — — — — 2. Formula: Le wy, 79 
a — — — Class 2A Tolerances = 0.0015WD + 0.0015+/L,. + 0.015Vp 
Where D = basic major diameter 
— — — — L. = length of engagement 64 
== —_ — _ p = pitch 
3. Length of engagement increments included in the tabulated tolerances for lengths 
— = _— — of engagement of from 5 to 15 pitches are based on lengths of 9 pitches; those for 56 
— — — — lengths of engagement from 16 to 80 pitches are based on lengths of 20 pitches. For 
lengths of engagement not tabulated, the formula in Note 2 should be applied. 
_ _— — — 4. Pitches listed are those used most commonly and are recommended. Where in- 48 
— ose — = termediate pitches are specified, the formula in Note 2 should be applied. 
5. Tolerances are tabulated only for combinations of diameter, pitch, and length 
0.0035 ae — = of engagement which are considered to be generally used. For other combina- 40 
0.0038 aaa = = tions encountered, see Limitations of Design, Appendix D. 
0.0036 | 0.0037 | 0.0038 — — —_ — — — — — — — — 36 
0.0040 | 0.0041 | 0.0042 _— — — — — — — _ — — _ 
| 0.0038 | 0.0039 | 0.0040 | 0.0041 | 0.0042 | 0.0043 | 0.0044 — — — — — — ~ 39 
| 0.0042 | 0.0043 | 0.0044 | 0.0045 | 0.0046 | 0.0047 | 0.0048 — — — — —_ _ _— 
] 
+ | 0.0040 | 0.0041 | 0.0042 | 0.0043 | 0.0044 | 0.0045 | 0.0046 | 0.0048 | 0.0049 — — — — — 28 
| 0.0044 | 0.0045 | 0.0046 | 0.0047 | 0:0048 | 0.0049 | 0.0051 | 0.0052 | 0.0053 — _ — — “= 
0.0042 | 0.0043 | 0.0044 | 0.0045 | 0.0046 | 0.0048 | 0.0049 | 0.0050 | 0.0051 | 0.0053 | 0.0054 — — = 24 
0.0047 | 0.0048 | 0.0049 | 0.0050 | 0.0051 | 0.0052 | 0.0053 | 0.0054 | 0.0056 | 0.0057 | 0.0059 — — = 
0.0045 | 0.0047 | 0.0048 | 0.0048 | 0.0049 | 0.0051 | 0.0052 | 0.0053 | 0.0054 | 0.0056 | 0.0058 — — — 20 
0.0050 | 0.0052 | 0.0053 | 0.0053 | 0.0054 | 0.0056 | 0.0057 | 0.0058 | 0.0059 | 0.0061 | 0.0063 — — — 
0.0047 | 0.0049 | 0.0050 | 0.0051 | 0.0051 | 0.0053 | 0.0054 | 0.0055 | 0.0056 | 0.0058 | 0.0060 | 0.0062 -— — 18 
0.0053 | 0.0054 | 0.0055 | 0.0056 | 0.0057 | 0.0058 | 0.0059 | 0.0060 | 0.0061 | 0.0063 | 0.0065 | 0.0068 — — 
0.0050 | 0.0051 | 0.0052 | 0.0053 | 0.0054 | 0.0055 | 0.0056 | 0.0058 | 0.0059 | 0.0061 | 0.0062 | 0.0065 | 0.0067 _ 16 
|’ | 0.0055 | 0.0056 | 0.0057 | 0.0058 | 0.0058 | 0.0060 | 0.0061 | 0.0062 | 0.0063 | 0.0065 | 0.0067 | 0.0070 | 0.0072 — 
0.0053 | 0.0054 | 0.0055 | 0.0056 | 0.0057 | 0.0058 | 0.0059 | 0.0061 | 0.0062 | 0.0064 | 0.0065 | 0.0068 | 0.0070 | 0.0072 14 
0.0059 | 0.0060 | 0.0061 | 0.0062 | 0.0063 | 0.0064 | 0.0065 | 0.0067 | 0.0068 | 0.0069 | 0.0071 | 0.0074 | 0.0076 | 0.0078 
| | 0.0057 | 0.0058 | 0.0059 | 0.0060 | 0.0061 | 0.0062 | 0.0063 | 0.0064 | 0.0065 | 0.0067 | 0.0069 | 0.0072 | 0.0074 | 0.0076 12 
|| | 0.0063 | 0.0064 | 0.0065 | 0.0066 | 0.0067 | 0.0068 | 0.0070 | 0.0071 | 0.0072 | 0.0074 | 0.0075 | 0.0078 | 0.0080 | 0.0082 
| | 0.0062 | 0.0063 | 0.0064 | 0.0065 | 0.0065 | 0.0067 | 0.0068 | 0.0069 | 0.0070 | 0.0072 | 0.0074 | 0.0077 | 00.079 | 0.0081 10 
0.0069 | 0.0070 | 0.0071 | 0.0072 | 0.0072 | 0.0074 | 0.0075 | 0.0076 | 0.0077 | 0.0079 | 0.0081 | 0.0084 | 0.0086 | 0.0088 
5 0.0068 | 0.0070 | 0.0071 | 0.0071 | 0.0072 | 0.0074 | 0.0075 | 0.0076 | 0.0077 | 0.0079 | 0.0081 | 0.0083 | 0.0086 | 0.0088 8 
0.0076 | 0.0077 | 0.0078 | 0.0079 | 0.0080 | 0.0082 | 0.0083 | 0.0084 | 0.0085 | 0.0087 | 0.0088 | 0.0091 | 0.0094 | 0.0096 
_ 0.0074 | 0.0075 | 0.0076 | 0.0077 | 0.0078 | 0.0080 | 0.0081 | 0.0082 | 0.0084 | 0.0085 | 0.0088 | 0.0090 | 0.0092 7 
é — 0.0082 | 0.0084 | 0.0084 | 0.0085 | 0.0087 | 0.0088 | 0.0089 | 0.0090 | 0.0092 | 0.0094 | 0.0096 | 0.0099 | 0.0101 
_— — 0.0081 | 0.0082 | 0.0083 | 0.0084 | 0.0085 | 0.0087 | 0.0088 | 0.0089 | 0.0091 | 0.0094 | 0.0096 | 0.0098 6 
— — 0.0090 | 0.0091 | 0.0092 | 0.0093 | 0.0094 | 0.0096 | 0.0097 | 0.0098 | 0.0100 | 0.0103 | 0.0105 | 0.0107 
= = = == 0.0101 | 0.0102 | 0.0104 | 0.0105 | 0.0106 | 0.0108 | 0.0109 | 0.0112 | 0.0114 | 0.0116 4 
== = = = 0.0112 | 0.0113 | 0.0115 | 0.0116 | 0.0117 | 0.0119 | 0.0120 | 0.0123 | 0.0125 | 0.0127 


' 
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TABLE 25—Class 3A, Pitch-Diameter Tolerances for External Threads 
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LENGTHS OF ENGAGEMENT PITCH-DIAMETER® TOLERANCES? 
THREADS Ye 342 \% | 346 A 3% % 3 34 
PER INCH | Number of Inch 0.0600 0.0782 0.1095 0.1564 0.2189 0.3126 0.4376 0.5626 0.6876 
pitches Beoee to to to to to to to to to 
0.0781 0.1094 0.1563 0.2188 0.3125 0.4375 0.5625 0.6875 0.8750 
80 f 5 to 15 | 0.06 to 0.19 0.0014 0.0015 0.0015 0.0016 0.0017 — — — — 
16 to 30 | 0.191 to 0.38 0.0016 0.0017 0.0017 0.0018 0.0019 —_ — — — 
79 5 to 15 | 0.07 to 0.21 0.0015 0.0016 0.0016 0.0017 0.0018 0.0019 — a — 
7‘ 16 to 30 | 0.211 to 0.42 —_ 0.0018 0.0018 0.0019 0.0020 0.0021 — _—. — 
64 5 to 15 | 0.08 to 0.23 0.0016 0.0016 0.0017 0.0018 0.0018 0.0019 0.0020 —_ —_ 
16 to 30 | 0.231 to 0.46 -- 0.0018 0.0019 0.0020 0.0020 0.0021 0.0022 _ — 
56 5 to 15 | 0.09. to:0.27 — 0.0017 0.0018 0.0019 0.0019 0.0020 0.0021 0.0022 0.0022 
16 to 30 | 0.271 to 0.54 — 0.0020 0.0020 0.0021 0.0021 0.0023 0.0023 0.0024 0.0025 
48 5 to 15 | 0.10 to 0.31 — 0.0019 0.0019 0.0020 0.0020 0.0022! 0.0022 0.0023 0.0024 
16 to 30 | 0.311 to 0.62 — —_ 0.0021 0.0022 0.0023 | 0.0024 0.0025 0.0025 0.0026 
40 5 to 15 | 0.12 to 0.38 —_— —_— 0.0021 0.0021 0.0022 0.0023 0.0024 0.0025 0.0025 
16 to 30 | 0.381 to 0.76 — — 0.0023 0.0024 0.0025 0.0026 0.0027 0.0027 0.9028 
36 § to 15 | 0:14 to0.42 — — 0.0022 0.0022 0.0023 0.0024 0.0025 0.0026 0.0026 
16 to 30 | 0.421 to 0.84 — — —- 0.0025 0.0026 0.0027 0.0028 0.0028 0.0029 
39 5 to 15 | 0.16 to 0.47 — —_— 0.0023 0.0024 0.0024 0.0025 0.0026 0.0027 0.0027 
16 to 30 | 0.471 to 0.94 — — —_— 0.0026 0.0027 0.0028 0.0029 0.0030 0.0030 
28 5 to 15 | 0.18 to 0.54 — — — 0.0025 0.0026 0.0027 0.0028 0.0028 0.0029 
16 to 30 | 0.541 to 1.08 —_ — — 0.0028 0.0029 0.0030 0.0031 0.0031 0.0032 | 
24 5 to 15 | 0.21 to 0.62 — — _ 0.0027 0.0028 0.0029 0.0029 0.0030 0.0031 
16 to 30 | 0.621 to 1.24 — — —_ = 0.0031 0.0032 0.0083 0.0033 0.0034 
20 5 to 15 | 0.25 to 0.75 = —_ = = 0.0030 0.0031 0.0032 0.0032 0.0033 j 
16 to 30 | 0.751 to 1.50 = = = = 0.0034 0.0035 0.0035 0.0036 0.0037 j 
18 5 to 15 | 0.28 to 0.83 —_— — _ —= = 0.0032 0.0033 0.0034 0.0035 
16 to 30 | 0.831 to 1.66 —_ — = — = 0.0036 0.0037 0.0038 0.0038 j 
16 5 to 15 | 0.31 to 0.94 — — —_ — _ 0.0034 0.0035 0.0036 0.0036 j 
16 to 30 | 0.941 to 1.88 — — = — = 0.0038 0.0039 0.0039 0.0040 
14 5 to 15 | 0.36 to 1.07 — = —_ = — _ 0.0037 0.0038 0.0039 . 
16 to 30 | 1.071 to 2.14 a — — — — == = SIO 0042, 0.0042 0.0043 ! 
12 5 to 15 | 0.42 to 1.25 —_ — — = = — 0.0040 0.0041 0.0041 : 
16 to 30 | 1.251 to 2.50 = aos — i = = 0.0045 0.0046 0.0046 , 
- 
f 
10 5 to 15 | 0.50 to 1.50 —_— = —_ = — —_— _— = 0.0045 
16 to 30 | 1.501 to 3.00 _ — — = — — —_ —_ 0.0050 
8 { 5 to 15 | 0.62 to 1.88 =_ — = = = a = = = 
\16 to 30 | 1.881 to 3.76 " — z= a ae as = _ 
7 to: 15 WOL7IL to:2:14 — — — — — — — — — 
16 to 30 | 2.141 to 4.29 — — “= — _ — — — = 
6 5 to 15 | 0.83 to 2.50 — — — — _ — = — — 
16 to 30 | 2.501 to 5.00 — — — — — — —_ —_ — 
4 { § to 15 | 1.25 to 3.75| = ~ = = res on a = 2 
16 to 30 | 3.751 to 7.50 —_— — — = — = ae — wi 


p British: Effective Diameter. , 
Tolerances are based on diameters given in common fractions, which are the means of the diameter ranges expressed in decimals, 
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of Special Diameters, Pitches, and Lengths of Engagement—UNS and NS 


14 
1.1251 
to 
1.3750 


1 
0.8751 
to 
1.1250 
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PITCH-DIAMETER® TOLERANCES” 


16 134 2 2% 3 316 4 5 6 8 10 12 REDS. 
1.3751 1.6251 1.8751 2.2501 2.7501 3.2501 3.7501 4.5001 5.5001 7,0001 9.0001 | 11.0001 Se 
to to to to to to to to to to to to 
1.6250 1.8750 2.2500 2.7500 3.2500 3.7500 4.5000 5.5000 7.0000 9.0000 | 11.0000 | 13.0000 
= NOTES 8 
— 1. These values do not agree with and shall not be used in place of any tabulated values for the , 
UNC, UNF, and 8N thread series. 
_— 2. Formula: 7 
— Class 3A tolerances for external threads are determined by multiplying Class 2A tol- 2 
erances (computed to six decimal places) by 0.750. See Note 2, Table 24, for formula 
— for Class 2A tolerances. 6 
— 3. Length of engagement increments included in the tabulated tolerances for lengths of : 
engagement of from 5 to 15 pitches are based on lengths of 9 pitches; those for lengths 
_ of engagement from 16 to 30 pitches are based on lengths of 20 pitches. For lengths of 56 
_ engagement not tabulated, the formula in Note 2 should be applied. 
4. Pitches listed are those used most commonly and are recommended. Where intermediate 
— pitches are specified, the formula in Note 2 should be applied. 48 
= 5. Tolerances are tabulated only for combinations of diameter, pitch, and length of en- 
gagement which are considered to be generally used. For other combinations encoun- 
— tered, see Limitations of Design, Appendix D. 40 
0.0029 — —_— —_— — —- — — — — — — 
0.0032 | — 2 ee. as = 2 = za Se es = 
0.0030 | 0.0031 | 0.0031 | 0.0082 | 0.0033 = = = — — a SSS 32 
0.0033 | 0.0034 | 0.0034 | 0.0035 | 0.0036 _— = — —— _ — — 
0.0031 | 0.0032 | 0.0033 | 0.0034 | 0.0035 | 0.0036 | 0.0036 —_ —= — — — 28 
0.0035 | 0.0035 | 0.0036 | 0.0037 | 0.0038 | 0.0039 | 0.0040 _ — — — — 
0.0033 | 0.0034 | 0.0035 | 0.0036 | 0.0037 | 0.0037 | 0.0038 | 0.0040 | 0.0041 — — — 24 
0.0037 | 0.0037 | 0.0038 | 0.0039 | 0.0040 | 0.0041 | 0.0042 | 0.0043 | 0.0044 — — — 
0.0036 | 0.0036 | 0.0037 | 0.0038 | 0.0039 | 0.0040 | 0.0041 | 0.0042 | 0.0043 — _— — 20 
0.0039 | 0.0040 | 0.0041 | 0.0042 | 0.0043 | 0.0044 | 0.0044 | 0.0046 | 0.0047 — — — 
0.0037 | 0.0038 | 0.0039 | 0.0040 | 0.0041 | 0.0041 | 0.0042 | 0.0044 | 0.0045 | 0.0047 = —_ 18 
0.0041 | 0.0042 | 0.0042 | 0.0044 | 0.0044 | 0.0045 | 0.0046 | 0.0047 | 0.0049 | 0.0051 _— — 
0.0039 | 0.0040 | 0.0040 | 0.0041 | 0.0042 | 0.0043 | 0.0044 | 0.0045 | 0.0047 | 0.0049 | 0.0050 —_— 16 
0.0043 | 0.0043 | 0.0044 | 0.0045 | 0.0046 | 0.0047 | 0.0048 | 0.0049 | 0.0050 | 0.0052 | 0.0054 — 
0.0041 | 0.0042 | 0.0043 | 0.0044 | 0.0045 | 0.0045 | 0.0046 | 0.0048 | 0.0049 | 0.0051 | 0.0053 | 0.0054 14 
0.0046 | 0.0046 | 0.0047 | 0.0048 | 0.0049 | 0.0050 | 0.0051 | 0.0052 | 0.0053 | 0.0055 | 0.0057 | 0.0059 
0.0044 0.0045 0.0045 0.0046 | 0.0047 | 0.0048 | 0.0049 | 0.0050 | 0.0052 | 0.0054 | 0.0055 | 0.0057 12 
0.0049 | 0.0050 | 0.0050 | 0.0051 | 0.0052 | 0.0053 | 0.0054 | 0.0055 | 0.0056 | 0.0058 | 0.0060 | 0.0062 
0.0048 | 0.0048 | 0.0049 | 0.0050 | 0.0051 | 0.0052 | 0.0053 | 0.0054 | 0.0055 | 0.0057 | 0.0059 | 0.0061 10 
0.0053 | 0.0054 | 0.0054 | 0.0055 | 0.0056 | 0.0057 | 0.0058 | 0.0059 | 0.0061 | 0.0063 | 0.0064 | 0.0066 
0.0053 | 0.0054 | 0.0054 | 0.0055 | 0.0056 | 0.0057 | 0.0058 | 0.0059 | 0.0061 | 0.0063 | 0.0064 | 0.0066 8 
0.0059 | 0.0059 | 0.0060 | 0.0061 | 0.0062 | 0.0063 | 0.0064 | 0.0065 | 0.0066 | 0.0068 | 0.0070 | 0.0072 
0.0056 | 0.0057 | 0.0058 | 0.0059 | 0.0060 | 0.0061 | 0.0061 | 0.0063 | 0.0064 | 0.0066 | 0.0068 | 0.0069 7 
0.0063 | 0.0063 | 0.0064 | 0.0065 | 0.0066 | 0.0067 | 0.0068 | 0.0069 | 0.0070 | 0.0072 | 0.0074 | 0.0076 
0.0061 | 0.0061 | 0.0062 | 0.0063 | 0.0064 | 0.0065 | 0.0066 | 0.0067 | 0.0068 | 0.0070 | 0.0072 | 0.0074 6 
0.0067 | 0.0068 | 0.0069 |-0.0070 | 0.0071 | 0.0072 | 0.0072 | 0.0074 | 0.0075 | 0.0077 | 0.0079 | 0.0080 
= = 0.0076 | 0.0077 | 0.0078 | 0.0079 | 0.0079 | 0.0081 | 0.0082 | 0.0084 | 0.0086 | 0.0087 4 
== — 0.0084 | 0.0085 | 0.0086 | 0.0087 | 0.0088 | 0.0089 | 0.0090 | 0.0092 | 0.0094 | 0.0096 
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TABLE 26—Class 1B, Pitch-Diameter Tolerances for External Threads of 


LENGTHS OF ENGAGEMENT PITCH-DIAMETER® TOLERANCES? . 
wag ENDS Ye 342 \% He UY 34 \y 56 34 
PERIENCE: Number of che 0.0600 0.0782 0.1095 0.1564 0.2189 0.3126 0.4376 0.5626 0.6876 4 
pitches to to to to to to to to to 
0.0781 0.1094 0.1563 0.2188 0.3125 0.4375 0.5625 0.6875 0.8750 | 
- 5to15 | 0.06 to 0.19 = a = = — — ss ane o . 
16 to 30 | 0.191 to 0.38 —_— = = — = = _— — _ { 
72 5to 15 | 0.07 to 0.21 — _— — — _ — —_— — — | 
16 to 30 | 0.211 to 0.42 — —_— = — = — —_— — — 
64 5to15 | 0.08 to 0.23 — — = = a = = —_ —_ | 
16 to 30 | 0.281 to 0.46 _ — = = = = _ — _ is 
56 5to15 | 0.09 to 0.27 — — — a = = — —_— —_— 
16 to 30 | 0.271 to 0.54 — _ — = aS = _ _— — 
48 5to15 | 0.10 to 0.31 —_ —_— — _ = ig Ae | — 
16 to 30 | 0.311 to 0.62 — abl = _ ———— Ses — —_ 
40 5to15 | 0.12 to 0.38 aad — 0.0054 0.0056 0.0057 0.0060 0.0062 0.0064 
16 to 30 | 0.381 to 0.76 — — 0.0060 0.0062 0.0064 0.0067 0.0069 0.0071 
36 5to15 | 0.14 to 0.42 — — 0.0056 0.0058 0.0060 0.0063 0.0065 0.0066 
16 to 30 | 0.421 to 0.84 — — —_ 0.0065 0.0067 0.0070 0.0072 0.0074 
32 5 to 15 | 0.16 to 0.47 — _ 0.0059 0.0061 0.0063 0.0066 0.0068 0.0070 
16 to 30 | 0.471 to 0.94 — —_— — 0.0069 0.0071 0.0073 0.0075 0.0077 
28 5to15 | 0.18 to 0.54 _ —_ — 0.0065 0.0067 0.0069 0.0072 0.0073 
16 to 30 | 0.541 to 1.08 _ — _— 0.0073 0.0075 0.0078 0.0080 0.0081 
94 5 to 15 10:21 to 0.62 a — — 0.0070 0.0072 0.0074 0.0076 0.0078 
16 to 30 | 0.621 to 1.24 — —_— — — 0.0080 0.0083 0.0085 0.0087 
20 5 to 15 | 0.25 to 0.75 —. — — — 0.0078 0.0080 0.0083 0.0084 
16 to 30 | 0.751 to 1.50 — —_— —_ — 0.0087 0.0090 0.0092 0.0094 
18 5 to 15 | 0.28 to 0.83 _— — — —_ — 0.0084 0.0087 0.0088 
16 to 30 | 0.831 to 1.66 — —_— -- — _ 0.0095 0.0097 0.0098 
16 5to15 | 0.31 to 0.94 _— oo — — —_ 0.0089 0.0091 0.0093 
16 to 30 | 0.941 to 1.88 — _— — — —_— 0.0098 0.0100 0.0102 
14 5to15 | 0.36 to 1.07 —_— _— — — — —_— 0.0097 0.0099 
16 to 30 | 1.071 to 2.14 — — — — — =. . 4 0.0109 0.0110 
12 5to15 | 0.42 to 1.25 _— — — — — — 0.0104 0.0106 
16 to 30 | 1.251 to 2.50 — — — — — — 0.0117 0.0119 
10 5 to 15 | 0.50 to 1.50 —_— —_ — -— — — — — 
16 to 30 | 1.501 to 3.00 — _ —_ — — — — — 
8 5 to 15 | 0.62 to 1.88 — _ — — — — — — 
16 to 380 | 1.881 to 3.76 — — — — — — — —_ 
7 Stodls. ol Ondy so 2514 — — — — — — — — 
16 to 30 | 2.141 to 4.29 — — a = as a “2 ~ 
6 5 to 15 | 0.83 to 2.50 — — — = = a ae ais 
16 to 80 | 2.501 to 5.00 — — — = =< Be aoe ee 
2 5 to 15 | 1.25 to 3.75 _ — a= = — — — — 
16 to 30 | 3.751 to 7.50 — _— = = = — ae pe 


® British: Effective Diameter. 
Tolerances are based on diameters given in common fractions, which are the means of the diameter ranges expressed in decimals. 


1 
0.8751 
to 
1.1250 


ee ee an ae 


yee 


1% 
1.1251 
to 
1.3750 


0.0073 
0.0080 


0.0076 
0.0084 


0.0080 
0.0088 


0.0085 
0.0093 


0.0091 
0.0100 


0.0095 
0.0105 


0.0100 
0.0109 


0.0105 
0.0117 


0.0113 
0.0125 


0.0122 
0.0136 


0.0136 
0.0151 


0.0145 
0.0161 


0.0075 
0.0082 


0.0078 
0.0086 


0.0082 
0.0090 


0.0087 
0.0095 


0.0093 
0.0102 


0.0097 
0.0107 


0.0101 
0.0111 


0.0107 
0.0119 


0.0115 
0.0127 


0.0124 
0.0138 


0.0138 
0.0153 


0.0147 
0.0163 


0.0158 
0.0175 


1 %4 
1.6251 
to 
1.8750 
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0.0218 | 0.0221 | 0.0224 | 0.0226 | 0.0228 | 0.0232 | 0.0235 | 0.0240 | 0.0245 | 0.0248 


SCREW THREADS 333 
PITCH-DIAMETER® TOLERANCES? di 
2 2 3 3% 4 5 6 | 8 10 12 ee AUe 
1.8751 2.2501 2.7501 3.2501 3.7501 4.5001 | 5.5001 7.0001 9.0001 11.0001 es 
to to to to to to to to to to 
2.2500 2.7500 3.2500 3.7500 4.5000 5.5000 7.0000 9.0000 11.0000 | 13.0000 
NOTES 50 
. These values do not agree with and shall not be used in place of any tabulated values for 
the UNC, UNF, and 8N thread series. 
. Formula: 79 
Class 1B tolerances for internal threads are 1.5 times Class 2B tolerances and are deter- 
mined by multiplying Class 2A tolerances (computed to six decimal places) by 1.950. 
See Note 2, Table 24, for formula for Class 2A tolerances. n 
. Length of engagement increments included in the tabulated tolerances for lengths of en- ° 
gagement of from 5 to 15 pitches are based on lengths of 9 pitches; those for lengths of en- 
gagement from 16 to 30 pitches are based on lengths of 20 pitches. For lengths of engage- 56 
ment not tabulated, the formula in Note 2 should be applied. 
. Pitches listed are those used most commonly and are recommended. Where intermediate 
pitches are specified, the formula in Note 2 should be applied. 48 
. Tolerances are tabulated only for combinations of diameter, pitch, and length of engage- 
ment which are considered to be generally used. For other combinations encountered, 
see Limitations of Design, Appendix D. 40 
te ee et PS 36 
0.0080 | 0.0081 | 0.0084 | 0.0087 — — _ _— -— — — 39 
0.0087 | 0.0089 | 0.0092 | 0.0094 — — — — — — — 
0.0084 | 0.0085 | 0.0088 | 0.0090 | 0.0093 | 0.0095 — — — — — 98 
0.0092 | 0.0093 | 0.0096 | 0.0099 | 0.0101 | 0.0103 — — 
0.0088 | 0.0090 | 0.0093 | 0.0095 | 0.0097 | 0.0100 | 0.0103 | 0.0106 _— — — oA 
0.0097 | 0.0099 | 0.0102 | 0.0104 | 0.0106 | 0.0108 | 0.0112 | 0.0115 — — — 
0.0095 | 0.0096 | 0.0099 | 0.0101 | 0.0104 | 0.0106 | 0.0109 | 0.0112 —_ — = 20 
0.0104 | 0.0106 | 0.0109 | 0.0111 | 0.0113 | 0.0115 | 0.0119 | 0.0122 — _ — 
0.0099 | 0.0100 | 0.0103 | 0.0105 | 0.0108 | 0.0110 | 0.0113 | 0.0116 | 0.0122 — — 18 
0.0109 | 0.0110 | 0.0113 | 0.0116 | 0.0118 | 0.0120 | 0.0123 | 0.0127 | 0.0132 — -- 
0.0103 | 0.0105 |} 0.0108 | 0.0110 | 0.0112 | 0.0114 | 0.0118 | 0.0121 | 0.0126 | 0.0131 — 16 
0.0112 | 0.0114 | 0.0117 | 0.0119 | 0.0121 | 0.0124 | 0.0127 | 0.0180 | 0.0136 | 0.0140 — 
0.0109 | 0.0111 | 0.0114 | 0.0116 | 0.0118 | 0.0120 | 0.0124 | 0.0127 | 0.0132 |'0.0137 | 0.0141 14 
0.0121 | 0.0122 | 0.0125 | 0.0127 | 0.0130 | 0.0132 | 0.0135 | 0.0188 | 0.0144 | 0.0148 | 0.0152 
0.0116 | 0.0118 | 0.0121 | 0.0123 | 0.0126 | 0.0128 | 0.0131 | 0.0134 | 0.0140 | 0.0144 | 0.0148 12 
0.0129 | 0.0130 | 0.0133 | 0.0136 | 0.0138 | 0.0140 | 0.0144 | 0.0147 | 0.0152 | 0.0157 | 0.0161 
0.0126 | 0.0128 | 0.0130 | 0.0133 | 0.0135 | 0.0187 | 0.0141 | 0.0144 | 0.0149 | 0.0154 | 0.0158 10 
0.0140 | 0.0141 | 0.0144 | 0.0147 | 0.0149 | 0.0151 | 0.0154 | 0.0158 | 0.0163 | 0.0167 | 0.0171 
0.0139 | 0.0141 | 0.0144 | 0.0146 | 0.0149 | 0.0151 | 0.0154 | 0.0157 | 0.0163 | 0.0167 | 0.0171 8 
0.0155 | 0.0156 | 0.0159 | 0.0162 | 0.0164 | 0.0166 | 0.0169 | 0.0173 | 0.0178 | 0.0182 | 0.0186 
0.0148 | 0.0150 | 0.0153 | 0.0155 | 0.0158 | 0.0160 | 0.0163 | 0.0166 | 0.0172 | 0.0176 | 0.0180 7 
0.0165 | 0.0166 | 0.0169 | 0.0172 | 0.0174 | 0.0176 | 0.0179 | 0.0183 | 0.0188 | 0.0192 | 0.0196 
0.0160 | 0.0161 | 0.0164 | 0.0167 | 0.0169 | 0.0171 | 0.0174 | 0.0178 | 0.0183 | 0.0187 | 0.0191 6 
0.0177 | 0.0179 |_0.0182 | 0.0184 | 0.0186 | 0.0188 | 0.0192 | 0.0195 | 0.0200 | 0.0205 | 0.0209 
0.0197 | 0.0200 | 0.0202 | 0.0204 | 0.0206 | 0.0210 | 0.0213 | 0.0218 | 0.0223 | 0.0227 4 
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TABLE 27—Class 2B, Pitch-Diameter Tolerances for Internal Threads of 


LENGTHS OF ENGAGEMENT PITCH-DIAMETER® TOLERANCES? ‘ 
THREADS Yeo Ye \% 346 y % Wy % 4 
eae Number of Inch 0.0600 0.0782 0.1095 0.1564 0.2189 0.3126 0.4376 0.5626 0.6876 
pitches eS to to to to to to to to to 
0.0781 0.1094 0.1563 0.2188 0.3125 0.4375 0.5625 0.6875 0.8750 
80 5to15 | 0.06 to 0.19 | 0.0025 0.0026 0.0027 0.0028 0.0029 — — — — 
16 to 30 | 0.191 to 0.388 | 0.0028 0.0029 0.0030 0.0031 0.0033 — — _ _— 
79 5to15 | 0.07 to 0.21 |} 0.0026 0.0027 0.0028 0.0029 0.0030 0.0032 — — -- 
16 to 30 | 0.211 to 0.42 — 0.0030 0.0031 0.0033 0.0034 0.0036 — _ — 
64 5to15 | 0.08 to 0.238 | 0.0027 0.0028 0.0029 0.0031 0.0032 0.0034 0.0035 — — 
16 to 30 | 0.231 to 0.46 _ 0.0032 0.0033 0.0034 0.0035 0.0037 0.0039 — — 
56 5 to 15 | 0.09 to 0.27 _— 0.0030 0.0031 0.0032 0.0033 0.0035 0.0037 0.0038 0.0039 
16 to 30 | 0.271 to 0.54 — 0.0034 0.0035 0.0036 0.0037 0.0039 0.0040 0.0042 0.0043 
48 5to15 | 0.10 to 0.31 — 0.0032 0.0033 0.0034 0.0036 0.0037 ~}+..0.0039 0.0040 0.0041 
16 to 30 | 0.311 to 0.62 — — 0.0037 0.0039 0.0040 | 0.0041 0.0043 0.0044 0.0045 
40 5to15 | 0.12 to 0.38 — — 0.0036 0.0037 0.0038 0.0040 0.0041 0.0043 0.0044 
16 to 30 | 0.381 to 0.76 -- — 0.0040 0.0042 0.0043 0.0045 0.0046 0.0047 0.0048 
36 5 to 15 | 0.14 to 0.42 — aaa 0.0037 0.0039 0.0040 0.0042 0.0043 0.0044 0.0045 
16 to 80 | 0.421 to 0.84 — — — 0.0044 0.0045 0.0046 0.0048 0.0049 0.0050 
32 5to15 | 0.16 to 0.47 _ — 0.0039 0.0041 0.0042 0.0044 0.0045 0.0046 0.0047 
16 to 30 | 0.471 to 0.94 -— — — 0.0046 0.0047 0.0049 0.0050 0.0051 0.0052 
98 5 to 15 | 0.18 to 0.54 — — Be 0.0043 0.0044 0.0046 0.0048 0.0049 0.0050 
16 to 30 | 0.541 to 1.08 — — = 0.0049 0.0050 0.0052 0.0053 0.0054 0.0055 
94 5to15 | 0.21 to 0.62 — — — 0.0047 0.0048 0.0049 0.0051 0.0052 0.0053 
16 to 30 | 0.621 to 1.24 — — — — 0.0054 0.0055 0.0057 0.0058 0.0059 
20 5to15 | 0.25 to 0.75 — — —_ -— 0.0052 0.0054 0.0055 0.0056 0.0057 }) 
16 to 30 | 0.751 to 1.50 — — — — 0.0058 0.0060 0.0061 0.0063 0.0064 
18 5 to 15 | 0.28 to 0.88 — — — — — 0.0056 0.0058 0.0059 0.0060 
16 to 30 | 0.831 to 1.66 — — — — — 0.0063 0.0064 0.0066 0.0067 
16 5 to 15 | 0.31 to 0.94 — — — — — 0.0059 0.0061 0.0062 0.0063 
16 to 30 | 0.941 to 1.88 — — _ — — 0.0065 0.0067 0.0068 0.0069 
14 Stto wo || Orso tome _ — — — —_ _— 0.0065 0.0066 0.0067 
16 to 30 | 1.071 to 2.14 — — _ — — —_ + 0.0072 0.0074 0.0075 
12 DS tOlo sO 742 LOM eZo — _— _ — — — 0.0070 0.0071 0.0072 
16 to 30 | 1.251 to 2.50 = — — — —_— — 0.0078 0.0079 0.0080 
10 5 to 15 |'0.50) “tol. 50 — — — | = — — — — 0.0078 
16 to 30 | 1.501 to 3.00 — — — — — _— — — 0.0087 
8 5 to 15 | 0.62 to 1.88 — — ~ — — — — — — 
16 to 30 | 1.881 to 3.76 —— —_ _ — — a _ —- — 
7 5to15 | 0.71 to 2.14 —_— _— — — _- — — — — 
16 to 30 | 2.141 to 4.29 — — ~- -- — = a — — 
6 5 to 15 | 0.83 to 2.50 — — _ -- — — — — — 
16 to 30 | 2.501 to 5.00 — — -- — — — — — — 
ra 5to15 | 1.25 to 3.75 — — ~ + — — — — — 
| \16 to 30 | 3.751 to’7.50 _ — — — — = = = a 


* British: Effective Diameter. 
Tolerances are based on diameters given in common fractions, which are the means of the diameter ranges expressed in decimals. 
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PITCH-DIAMETER® TOLERANCES? 


1 1% 1% 1% 2 2% 3 3% 4 5 6 | 8 10 12 THREADS 
0.8751 1,1251 1.3751 1.6251 1.8751 2.2501 2.7501 3.2501 3.7501 4,5001 5.5001 7.0001 9.0001 11.0001 Pees 
to to to to to to to to to to to to to to 
1.1250 1.3750 1.6250 1.8750 2.2500 2.7500 3.2500 3.7500 4.5000 5.5000 7.0000 9.0000 11.0000 | 13.0000 
— = aS =e NOTES o 
— . These values do not agree with and shall not be used in place of any tabulated 
values for the UNC, UNF, and 8N thread series. 
— — . Formula: 
— iz! Class 2B tolerances are determined by multiplying Class 2A tolerances (com- Ue 
puted to six decimal places) by 1.300. See Note 2, Table 24, for formula for Class 
_ — — — 2A tolerances. 
_ . Length of engagement increments included in the tabulated tolerances for 64 
lengths of engagement of from 5 to 15 pitches are based on lengths of 9 pitches; 
— — — -- those for lengths of engagement from 16 to 30 pitches are based on lengths of 20 56 
— — — -- pitches. For lengths of engagement not tabulated, the formula in Note 2 should 
be applied. 
— — _ _ . Pitches listed are those used most commonly and are recommended. Where in- 48 
— —— — — termediate pitches are specified, the formulain Note 2 should be applied. 
. Tolerances are tabulated only for combinations of diameter, pitch, and length 
0.0045 of engagement which are considered to be generally used. For other combina- 40 
0.0050 — _ = tions encountered, see Limitations of Design, Appendix D. 
6.0047 | 0.0049 | 0.0050 — _ — — — — _ — —_— = 
0.0052 | 0.0053 | 0.0055 | — bs a = = Re. == of = Sy Ss 
0.0049 | 0.0051 | 0.0052 | 0.0053 | 0.0054 | 0.0056 | 0.0058 — — — — — — — 39 
0.0054 | 0.0056 | 0.0057 | 0.0058 | 0.0059 | 0.0061 | 0.0063 — — — — — — — 
0.0052 | 0.0053 | 0.0055 | 0.0056 | 0.0057 | 0.0059 | 0.0060 | 0.0062 | 0.0063 — — 98 
0.0057 | 0.0059 | 0.0060 | 0.0061 | 0.0062 | 0.0064 | 0.0066 | 0.0067 | 0.0069 _ — _ — _ 
0.0055 | 0.0056 | 0.0058 | 0.0059 | 0.0060 | 0.0062 | 0.0064 | 0.0065 | 0.0066 | 0.0069 | 0.0071 oA 
0.0061 | 0.0062 | 0.0064 | 0.0065 | 0.0066 | 0.0068 | 0.0069 | 0.0071 | 0.0072 | 0.0075 | 0.0077 — — — 
0.0059 | 0.0061 | 0.0062 | 0.0063 | 0.0064 | 0.0066 | 0.0068 | 0.0069 | 0.0070 | 0.0073 | 0.0075 oa — — 20 
0.0065 | 0.0067 | 0.0068 | 0.0069 | 0.0071 | 0.0072 | 0.0074 | 0.0076 | 0.0077 | 0.0079 | 0.0081 -- — _ 
0.0062 | 0.0063 | 0.0065 | 0.0066 | 0.0067 | 0.0069 | 0.0070 | 0.0072 | 0.0073 | 0.0076 | 0.0078 | 0.0081 — — 18 
0.0068 | 0.0070 | 0.0071 | 0.0072 | 0.0074 | 0.0075 | 0.0077 | 0.0079 | 0.0080 | 0.0082 | 0.0084 | 0.0088 — — 
0.0065 | 0.0066 | 0.0068 | 0.0069 | 0.0070 | 0.0072 | 0.0073 | 0.0075 | 0.0076 | 0.0079 | 0.0081 | 0.0084 | 0.0087 — 16 
0.0071 | 0.0072 | 0.0074 | 0.0075 | 0.0076 | 0.0078 | 0.0080 | 0.0081 | 0.0082 | 0.0085 | 0.0087 | 0.0090 | 0.0093 — 
0.0069 | 0.0070 | 0.0072 | 0.0073 | 0.0074 | 0.0076 | 0.0077 | 0.0079 | 0.0080 | 0.0083 | 0.0085 | 0.0088 | 0.0091 | 0.0094 14 
0.0076 | 0.0078 | 0.0079 | 0.0080 | 0.0081 | 0.0083 | 0.0085 | 0.0086 | 0.0088 | 0.0090 | 0.0092 | 0.0096 | 0.0099 | 0.0102 
0.0074 | 0.0075 | 0.0076 | 0.0078 | 0.0079 | 0.0081 | 0.0082 | 0.0084 | 0.0085 | 0.0087 | 0.0090 | 0.0093 | 0.0096 | 0.0099 fe 
0.0082 | 0.0083 | 0.0085 | 0.0086 | 0.0087 | 0.0089 | 0.0090 | 0.0092 | 0.0093 | 0.0096 | 0.0098 | 0.0101 | 0.0104 | 0.0107 
0.0080 | 0.0082 | 0.0083 | 0.0084 | 0.0085 | 0.0087 | 0.0089 | 0.0090 | 0.0091 | 0.0094 | 0.0096 | 0.0100 | 0.0103 | 0.0105 10 
0.0089 | 0.0091 | 0.0092 | 0.0093 | 0.0094 | 0.0096 | 0.0098 | 0.0099 | 0.0101 | 0.0103 | 0.0105 | 0.0109 | 0.0112 | 0.0114 
0.0089 | 0.0090 | 0.0092 | 0.0093 | 0.0094 | 0.0096 | 0.0098 | 0.0099 | 0.0100 | 0.0103 | 0.0105 | 0.0108 | 0.0111 | 0.0114 8 
0.0099 | 0.0101 | 0.0102 | 0.0103 | 0.0104 | 0.0106 | 0.0108 | 0.0109 | 0.0111 | 0.0113 | 0.0115 | 0.0119 | 0.0122 | 0.0124 
— 0.0096 | 0.0098 | 0.0099 | 0.0100 | 0.0102 | 0.0104 | 0.0105 | 0.0106 | 0.0109 | 0.0111 | 0.0114 | 0.0117 | 0.0120 7 
= 0.0107 | 0.0109 | 0.0110 | 0.0111 | 0.0113 | 0.0114 | 0.0116 | 0.0117 | 0.0120 | 0.0122 | 0.0125 | 0.0128 | 0.0131 
— — 0.0105 | 0.0106 | 0.0108 | 0.0109 | 0.0111 | 0.0113 | 0.0114 | 0.0116 | 0.0118 | 0.0122 | 0.0125 | 0.0128 6 
— — 0.0117 | 0.0118 | 0.0119 | 0.0121 | 0.0123 | 0.0124 | 0.0126 | 0.0128 | 0.0130 | 0.0134 | 0.0137 | 0.0139 
_ _ — — 0.0131 | 0.0133 | 0.0135 | 0.0136 | 0.0138 | 0.0140 | 0.0142 | 0.0146 | 0.0149 | 0.0151 4 
_ — — — 0.0146 | 0.0147 | 0.0149 | 0.0151 | 0.0152 | 0.0154 | 0.0156 | 0.0160 | 0.0163 | 0.0166 
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TABLE 28—Class 3B, Pitch-Diameter Tolerances for Internal Threads 
LENGTHS OF ENGAGEMENT PITCH-DIAMETER®* TOLERANCES? 
THREADS 4 3 34 
BARNES Number of rash 0.0600 pare 0 4 wea 0.3189 bins 0.4376 0 206 0.6876 
pitches mene to to to to to to to to to 
0.0781 0.1094 0.1563 0.2188 0.3125 0.4375 0.5625 0.6875 0.8750 
80 5to15 | 0.06 to 0.19 | 0.0019 0.0019 0.0020 0.0021 0.0022 ~ -— — -- 
16 to 30 | 0.191 to 0.38 | 0.0021 0.0022 0.0023 0.0024 0.0024 _- — — oo 
72 5to15 | 0.07 to 0.21 | 0.0019 0.0020 0.0021 0.0022 0.0023 0.0024 — — _— 
16 to 30 | 0.211 to 0.42 —_ 0.0023 0.0023 0.0025 0.0025 0.0027 — —_— — 
64 5to15 | 0.08 to 0.23 | 0.0020 0.0021 0.0022 0.0023 0.0024 0.0025 0.0026 _— — 
16 to 30 | 0.231 to 0.46 —- 0.0024 0.0025 0.0026 0.0027 0.0028 0.0029 — — 
56 5to15 | 0.09 to 0.27 — 0.0023 0.0023 0.0024 0.0025 0.0026 0.0027 0.0028 0.0029 
16 to 30 | 0.271 to 0.54 — 0.0025 0.0026 0.0027 0.0028 0.0029 0.0030 0.0031 0.0032 
‘ 
48 5to15 | 0.10 to 0.31 — 0.0024 0.0025 0.0026 0.0027 0.0028 0.0029 0.0030 0.0031 te 
16 to 80 | 0.311 to 0.62 —_— — 0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034 
40 5to015 | 0.12 to 0.38 —_ — 0.0027 0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 , 
16 to 30 | 0.381 to 0.76 = — 0.0030 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 ‘ 
36 5to15 | 0.14 to 0.42 — — 0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034 j 
16 to 80 | 0.421 to 0.84 — _— — 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038 | { 
32 Sitorld 10216) 010547, = — 0.0030 0.0031 0.0031 0.0033 0.0034 0.0035 0.0036 : 
16 to 30 | 0.471 to 0.94 — — — 0.0034 0.0035 0.0037 0.0038 0.0039 0.0039 
28 5to15 | 0.18 to 0.54 — — — 0.0033 0.0033 0.0035 0.0036 0.0037 0.0037 
16 to 30 | 0.541 to 1.08 — — — 0.0037 0.0037 0.0039 0.0040 0.0041 0.0042 | 
24 5to15 | 0.21 to 0.62 — — — 0.0035 0.0036 0.0037 0.0038 0.0039 0.0040 
16 to 30 | 0.621 to 1.24 — ~ — — 0.0040 0.0041 0.0043 0.0043 0.0044 
20 otonls: | 0:25 to Os75 — — oa — 0.0039 0.0040 0.0041 0.0042 0.0048 | 
16 to 30 | 0.751 to 1.50 —_ —_— — — 0.0044 0.0045 0.0046 0.0047 0.0048 ' 
18 5 towly, |/10528) sto10es3 — — — — — 0.0042 0.0043 0.0044 0.0045 
16 to 30 | 0.831 to 1.66 — — — — — 0.0047 0.0048 0.0049 0.0050 { 
16 5 to 15 | 0.31 to 0.94 — — — — a= 0.0045 0.0046 0.0046 0.0047 
16 to 30 | 0.941 to 1.88 _— _ _ _ -— 0.0049 0.0050 0.0051 0.0052 
14 5to15 | 0.36 to 1.07 _ — — a= — — 0.0049 0.0049 0.0050 | 
16 to 30 | 1.071 to 2.14 _— — — — — — 0.0054 0.0055 0.0056 
12 5to015 | 0.42 to 1.25 — — = = 5 — 0.0052 | 0.0053 0.0054 7 
16*t0130' | 13251 to 250 _ — — = oa — 0.0058 0.0059 0.0060 
10 5to15 | 0.50 to 1.50 _ — — — — a — — 0.0059 
16 to 30 | 1.501 to 3.00 — — — — — — — — 0.0065 / 
8 5to15 | 0.62 to 1.88 — — — — = a — — _ 
16 to 30 | 1.881 to 3.76 — — — — — — — — _— j 
7 5 to 15 | 0.71 to 2.14 — — — — — — — -— — 
16 to 30 | 2.141 to 4.29 — — — _— — _- — — 
6 5 to 15 | 0.83 to 2.50 —_— _— — a _ — — _ — 
16 to 30 | 2.501 to 5.00 _ _ — — — _— —_ _ — 
4 5'to15 11.25 to 3.75 — o — — — — — — — 
16 to 30 |.3.751 to 7 — _ — — — — -- — — 
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PITCH-DIAMETER*® TOLERANCES” 
154 2 2y% a ies 4 5 6 8 10 12 PEED 
1.6251 1.8751 2.2501 | 2.7501 | 3.2501 3.7501 4.5001 5.5001 7.0001 9.0001 11.0001 ES ESEES 
to to to to to to to to to to to 
1.8750 2.2500 2.7500 3.2500 3.7500 | 4.5000 5.5000 7.0000 9.0000 11.0000 | 13.0000 
NOTES 80 
1. These values do not agree with and shall not be used in place of any tabulated values for 
the UNC, UNF, and 8N thread series. 
2. Formula: 79 
Class 3B tolerances for internal threads are 0.75 times Class 2B tolerances and are deter- 
mined by multiplying Class 2A tolerances (computed to six decimal places) by 0.975. 
See Note 2, Table 24, for formula for Class 2A tolerances. 64 
3. Length of engagement increments included in the tabulated tolerances for lengths of en- 
gagement of from 5 to 15 pitches are based on lengths of 9 pitches; those for lengths of en- 
gagement from 16 to 30 pitches are based on lengths of 20 pitches. For lengths of engage- 56 
ment not tabulated, the formula in Note 2 should be applied. 
4. Pitches listed are those used most commonly and are recommended. Where intermediate 
pitches are specified, the formula in Note 2 should be applied. 48 
5. Tolerances are tabulated only for combinations of diameter, pitch, and length of engage- 
ment which are considered to be generally used. For other combinations encountered, 
see Limitations of Design, Appendix D. 40 
OS) Gane eee eae 36 
0.0040 | 0.0041 | 0.0042 | 0.0043 39 
0.0044 | 0.0044 | 0.0046 | 0.0047 
0.0042 | 0.0043 | 0.0044 | 0.0045 | 0.0046 | 0.0047 98 
0.0046 | 0.0047 | 0.0048 | 0.0049 | 0.0050 | 0.0051 
0.0044 | 0.0045 | 0.0046 | 0.0048 | 0.0049 | 0.0050 | 0.0052 | 0.0053 24 
0.0049 | 0.0049 | 0.0051 | 0.0052 | 0.0053 | 0.0054 | 0.0056 | 0.0058 == = = 
0.0047 | 0.0048 | 0.0050 | 0.0051 | 0.0052 | 0.0053 | 0.0055 | 0.0056 == == == 20 
0.0052 | 0.0053 | 0.0054 | 0.0056 | 0.0057 | 0.0058 | 0.0059 | 0.0061 
0.0049 | 0.0050 | 0.0051 | 0.0053 | 0.0054 | 0.0055 | 0.0057 | 0.0058 | 0.0061 — — 18 
0.0054 | 0.0055 | 0.0057 | 0.0058 | 0.0059 | 0.0060 | 0.0062 | 0.0063 | 0.0066 — = 
| 0.0049 | 0.0050 | 0.0051 | 0.0052 | 0.0052 | 0.0054 | 0.0055 | 0.0056 | 0.0057 | 0.0059 | 0.0061 | 0.0063 | 0.0066 = 16 
!) | 0.0053 | 0.0054 | 0.0055 | 0.0056 | 0.0057 | 0.0058 | 0.0060 | 0.0061 | 0.0062 | 0.0064 | 0.0065 | 0.0068 | 0.0070 = 
| | 0.0052 | 0.0053 | 0.0054 | 0.0055 | 0.0055 | 0.0057 | 0.0058 | 0.0059 | 0.0060 | 0.0062 | 0.0063 | 0.0066 | 0.0068 | 0.0070 14 
| 0.0057 | 0.0058 | 0.0059 | 0.0060 | 0.0061 | 0.0063 | 0.0064 | 0.0065 | 0.0066 | 0.0068 | 0.0069 | 0.0072 | 0.0074 | 0.0076 
0.0055 | 0.0056 | 0.0057 | 0.0058 0.0059 | 0.0060 | 0.0062 | 0.0063 | 0.0064 | 0.0066 | 0.0067 | 0.0070 | 0.0072 | 0.0074 12 
0.0061 | 0.0063 | 0.0064 | 0.0064 | 0.0065 | 0.0067 | 0.0068 | 0.0069 | 0.0070 | 0.0072 | 0.0073 | 0.0076 | 0.0078 | 0.0080 
| 0.0060 | 0.0061 | 0.0062 | 0.0063 | 0.0064 | 0.0065 | 0.0066 | 0.0068 | 0.0069 | 0.0070 | 0.0072 | 0.0075 | 0.0077 | 0.0079 10 
| 0.0067 | 0.0068 | 0.0069 | 0.0070 | 0.0071 | 0.0072 | 0.0073 | 0.0074 | 0.0075 | 0.0077 | 0.0079 | 0.0081 | 0.0084 | 0.0086 
0.0067 | 0.0068 | 0.0069 | 0.0070 | 0.0071 | 0.0072 | 0.0073 | 0.0074 | 0.0075 | 0.0077 | 0.0079 | 0.0081 | 0.0084 | 0.0086 8 
0.0074 | 0.0075 | 0.0076 | 0.0077 | 0.0078 | 0.0080 | 0.0081 | 0.0082 | 0.0083 | 0.0085 | 0.0086 | 0.0089 | 0.0091 | 0.0093 
— 0.0072 | 0.0073 | 0.0074 | 0.0075 | 0.0076 | 0.0078 | 0.0079 | 0.0080 | 0.0082 | 0.0083 | 0.0086 | 0.0088 | 0.0090 7 
— 0.0080 | 0.0081 | 0.0082 | 0.0083 | 0.0085 | 0.0086 | 0.0087 | 0.0088 | 0.0090 | 0.0091 | 0.0094 | 0.0096 | 0.0098 
= = 0.0079 | 0.0080 | 0.0081 | 0.0082 | 0.0083 | 0.0084 | 0.0085 | 0.0087 | 0.0089 | 0.0091 | 0.0094 | 0.0096 6 
core = 0.0088 | 0.0089 | 0.0089 | 0.0091 | 0.0092 | 0.0093 | 0.0094 | 0.0096 | 0.0098 | 0.0100 | 0.0103 | 0.0104 
a 5 == =e 0.0098 | 0.0100 | 0.0101 | 0.0102 | 0.0103 | 0.0105 | 0.0107 | 0.0109 | 0.0111 | 0.0113 4 
oe Ee = aS 0.0109 | 0.0111 | 0.0112 | 0.0113 | 0.0114 | 0.0116 | 0.0117 | 0.0120 | 0.0122 | 0.0124 
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TABLE 29—Class 2, Pitch-Diameter Tolerances for Threads 
LENGTHS OF ENGAGEMENT PITCH-DIAMETER TOLERANCES® 
ed Vie 362 % 346 4 38 % 5% 34 
PER INCH | Number of 0.0600 0.0782 0.1095 0.1564 0.2189 0.3126 0.4376 0.5626 0.6876 
mikehes Inches to to to to to to to to to 
0.0781 0.1094 0.1563 0.2188 0.3125 0.4375 0.5625 0.6875 0.8750 
80 5t015 | 0.06 to 0.19 | 0.0018 0.0019 0.0020 0.0021 0.0023 — — — = 
16 to 30 | 0.191 to 0.38 | 0.0020 0.0021 0.0022 0.0023 0.0024 — — — — 
79 5to 15 | 0.07 to 0.21 0.0018 0.0020 0.0021 0.0022 0.0023 0.0026 — —_ —_ 
16 to 30 | 0.211 to 0.42 | 0.0020 0.0022 0.0023 0.0024 0.0025 0.0028 — — — 
64 5to15 | 0.08 to 0.23 | 0.0019 0.0021 0.0021 0.0023 0.0024 0.0027 0.0029 —_ — 
16 to 380 | 0.231 to 0.46 0.0022 0.0023 0.0024 0.0025 0.0027 0.0029 0.0031 — _ 
56 5 to 15 |.0.09 to 0.27 | 0.0020 0.0022 0.0023 0.0024 0.0026 0.0028 0.0030 0.0031 0.0033 
16 to 30 | 0.271 to 0.54 | 0.0023 0.0024 0.0025 0.0027 0.0028 0.0030 0.0032 0.0034 0.0035 
48 5t015 | 0.10 to 0.31 — 0.0023 0.0024 0.0026 0.0027 0.0029 0.0031 0.0033 0.0034 
16 to 30 | 0.311 to 0.62 — 0.0026 0.0027 0.0029 0.0030 0.0033 0.0034 0.0036 0.0037 
40 5to15 | 0.12 to 0.38 — — 0.0026 0.0027 0.0029 0.0031 0.0033 0.0035 0.0036 
16 to 30 | 0.381 to 0.76 — — 0.0030 0.0031 0.0032 0.0035 0.0037 0.0038 0.0040 
36 §to15 | 0.14 to 0.42 — —_ 0.0027 0.0029 0.0030 0.0032 0.0034 0.0036 0.0037 
16 to 80 | 0.421 to 0.84 — — 0.0031 0.0033 0.0034 0.0036 0.0038 0.0040 0.0041 
39 5to15 | 0.16 to 0.47 — — 0.0028 0.0030 0.0031 0.0034 0.0036 0.0037 0.0039 
16 to 30 | 0.471 to 0.94 a — 0.0033 0.0035 0.0036 0.00388 0.0040 0.0042 0.0043 
28 5to15 | 0.18 to 0.54 — — — 0.0032 0.0033 0.0035 0.0037 0.0039 0.0040 
16 to 30 | 0.541 to 1.08 — —= — 0.0037 0.0038 0.0041 0.0043 0.0044 0.0046 
24 5to15 | 0.21 to 0.62 — — — 0.0034 0.0035 0.0038 0.0040 0.0041 0.0043 
16 to 30 | 0.621 to 1.24 — _- — 0.0040 0.0041 0.0044 0.0046 0.0047 0.0049 
| 
20 5to15 | 0.25 to 0.75 — — — — 0.0038 0.0041 0.0042 0.0044 0.0046 
16 to 30 | 0.751 to 1.50 -— — —_ = 0.0046 0.0048 0.0050 0.0051 0.0053 
18 5to15 | 0.28 to 0.88 — — = — —_ 0.0042 0.0044 0.0046 0.0048 
16 to 30 | 0.831 to 1.66 — — — — — 0.0051 0.0052 0.0054 0.0056 
16 5to15 | 0.31 to 0.94 — — — —_ —_ 0.0045 0.0047 0.0048 0.0050 
16 to 30 | 0.941 to 1.88 — — — — —_ 0.0054 0.0056 0.0057 0.0059 
14 § to 15 | 0.36 to 1.07 — — —_ a == — 0.0049 0.0051 0.0053 
16 to 30 | 1.071 to 2.14 — — — — —_— —_— 0.0060 0.0062 0.0063 
12 5 told | 0°42 to 1.25 — —_ == — aoe | — 0.0053 0.0055 0.0056 
16 to 30 | 1.251 to 2.50 —_ — — = = — 0.0065 0.0067 0.0068 
10 5to15 | 0.50 to 1.50 — — — — — — — — 0.0061 
16 to 30 | 1.501 to 3.00 — — — = == = —_— —_— 0.0076 
. 5to15 | 0.62 tol.ss| — it: = = am 2 2 ey ce 
16 to 30 | 1.881 to 3.76 — = — — _— _ —- — — 
7 5to15 | 0.71 to 2.14 — -= —_— —_ — _ . = _ — 
16 to 30 | 2.141 to 4.29 — — — = — —_ — — — 
6 5to15 | 0.83 to 2.50 —_— = ~ = — — a - — 
16 to 30 | 2.501 to 5.00 _ — — — — — “= -- —— 
4 5 to 15 -| 1.25 to 3.75 = — 4 = _ — — -— —_ 
16 to 30 | 3.751 to 7.50 —_— — — — — — =- == — 


| 


| 


* Tolerances are based on diameters given in common fractions, which are the means of the diameter ranges expressed in decimals. 
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| SCREW THREADS 
|of Special Diameters, Pitches, and Lengths of Engagement 
PITCH-DIAMETER TOLERANCES® 
1% 1% 134 2 24% 3 314 4 5 6 8 10 12 aes tee 
1.1251 1.3751 1.6251 1.8751 2.2501 2.7501 3.2501 3.7501 4.5001 5.5001 7.0001 9.0001 11.0001 SERINE 
to to to to to to to to to to to to to 
1.3750 1.6250 1.8750 2.2500 2.7500 3.2500 3.7500 4.5000 5.5000 7.0000 9.0000 | 11.0000 | 13.0000 
a NOTES 
on 1. These values do not agree with and shall not be used in place of any tabulated values for the NC, 80 
NF, 8N, 12N, 16N, and NEF thread series, and selected diameter-pitch combinations in Tables 
= 15 and 19. 
a 2. Formula: 72 
Class 2 tolerances = 0.002 /D + 0.00133 L. + 0.010 Vp 
= where D = basic major diameter 
fees L. = length of engagement 64 
p = pitch 
wal 3. Length of engagement increments included in the tabulated tolerances for lengths of engagement 
i of from 5 to 15 pitches are based on lengths of 9 pitches; those for lengths of engagement from 16 56 
to 30 pitches are based on lengths of 20 pitches. For lengths of engagement not tabulated, the 
Le formula in Note 2 should be applied. 
a2 4. Pitches listed are those used most commonly and are recommended. Where intermediate pitches 48 
are specified, the formula in Note 2 should be applied. 
ea 5. Tolerances are tabulated only for combinations of diameter, pitch, and length of engagement 
we which are considered to be generally used. For other combinations encountered, see Limitations 40 
of Design, Appendix D. 
0.0042 | 0.0044 = = = — — -— — — — — _ 36 
0.0046 | 0.0049 — = — — — — — — _ — —_ 
0.0044 | 0.0046 | 0.0048 | 0.0050 | 0.0053 | 0.0056 — — 39 
0.0048 | 0.0050 | 0.0052 | 0.0054 | 0.0058 | 0.0061 — -- — — -— —- — 
0.0046 | 0.0048 | 0.0050 | 0.0051 | 0.0055 | 0.0058 | 0.0061 | 0.0063 — ee — — 98 
0.0051 | 0.0053 | 0.0055 | 0.0057 | 0.0060 | 0.0063 | 0.0066 | 0.0068 o= = | 
0.0048 | 0.0050 | 0.0052 | 0.0054 | 0.0057 | 0.0060 | 0.0063 | 0.0065 | 0.0070 | 0.0074 — — — oA 
0.0054 | 0.0056 | 0.0058 | 0.0060 | 0.0063 | 0.0066 | 0.0069 | 0.0071 | 0.0076 | 0.0080 —_— — = 
0.0051 | 0.0053 | 0.0055 | 0.0057 | 0.0060 | 0.0063 | 0.0066 | 0.0068 | 0.0073 | 0.0077 _— — = 20 
0.0058 | 0.0060 | 0.0062 | 0.0064 | 0.0067 | 0.0070 | 0.0073 | 0.0076 | 0.0080 | 0.0085 — — — 
0.0053 | 0.0055 | 0.0057 | 0.0058 | 0.0062 | 0.0065 | 0.0068 | 0.0070 | 0.0075 | 0.0079 | 0.0087 — — 18 
0.0061 | 0.0063 | 0.0065 | 0.0067 | 0.0070 | 0.0073 | 0.0076 | 0.0078 | 0.0083 | 0.0087 | 0.0095 — = 
0.0055 | 0.0057 | 0.0059 | 0.0061 | 0.0064 | 0.0067 | 0.0070 | 0.0072 | 0.0077 | 0.0081 | 0.0089 | 0.0096 — 16 
0.0064 | 0.0066 | 0.0068 | 0.0070 | 0.0073 | 0.0076 | 0.0079 | 0.0082 | 0.0086 | 0.0091 | 0.0098 | 0.0105 — 
0.0058 | 0.0060 | 0.0062 | 0.0064 | 0.0067 | 0.0070 | 0.0073 | 0.0075 | 0.0080 | 0.0084 | 0.0092 | 0.0099 | 0.0105 14 
0.0068 | 0.0070 | 0.0072 | 0.0074 | 0.0077 | 0.0080 | 0.0083 | 0.0086 | 0.0090 | 0.0095 | 0.0102 | 0.0109 | 0.0115 
0.0061 | 0.0063 | 0.0065 | 0.0067 | 0.0070 | 0.0073 | 0.0076 | 0.0079 | 0.0084 | 0.0088 | 0.0095 | 0.0102 | 0.0108 12 
0.0073 | 0.0076 | 0.0078 | 0.0079 | 0.0083 | 0.0086 | 0.0088 | 0,0091 | 0.0096 | 0.0100 | 0.0108 | 0.0114 | 0.0120 
0.0066 | 0.0068 | 0.0070 | 0.0072 | 0.0075 | 0.0078 | 0.0081 | 0.0084 | 0.0088 | 0.0093 | 0.0100 | 0.0107 | 0.0118 10 
0.0081 | 0.0083 | 0.0085 | 0.0086 | 0.0090 | 0.0093 | 0.0096 | 0.0098 | 0.0103 | 0.0107 | 0.0115 | 0.0121 | 0.0128 
| | | | 
0.0073 | 0.0075 | 0.0077 | 0.0079 | 0.0082 | 0.0085 | 0.0088 | 0.0090 | 0.0095 | 0.0099 | 0.0107 | 0.0114 | 0.0120 8 
0.0091 | 0.0093 | 0.0095 | 0.0097 | 0.0100 | 0.0103 | 0.0106 | 0.0109 | 0.0113 | 0.0118 | 0.0125 | 0.0132 | 0.0138 
0.0077 | 0.0079 | 0.0081 | 0.0083 | 0.0087 | 0.0090 | 0.0092 | 0.0095 | 0.0100 | 0.0104 | 0.0111 | 0.0118 | 0.0124 4 
0.0098 | 0.0100 | 0.0102 | 0.0104 | 0.0107 | 0.0110 | 0.0113 | 0.0116 | 0.0121 | 0.0125 | 0.0132 | 0.0139 | 0.0145 
= 0.0085 | 0.0087 | 0.0089 | 0.0092 | 0.0095 | 0.0098 | 0.0101 | 0.0105 | 0.0110 | 0.0117 | 0.0124 | 0.0130 6 
aS 0.0110 | 0.0112 | 0.0113 | 0.0117 | 0.0120 | 0.0123 | 0.0125 | 0.0130 | 0.0134 | 0.0142 | 0.0148 | 0.0154 
| 
_ —_— = | 0.0108 | 0.0112 | 0.0115 | 0.0117 | 0.0120 | 0.0125 | 0.0129 | 0.0136 | 0.0143 | 0.0149 4 
= _ —_ 0.0145 | 0.0148 | 0.0151 | 0.0154 | 0.0156 | 0.0161 | 0.0165 | 0.0173 | 0.0180 | 0.0186 
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TABLE 30—Class 3, Pitch-Diameter Tolerances for Threads 


LENGTHS OF ENGAGEMENT PITCH-DIAMETER TOLERANCES® 
THREADS 4 
PER INCH {| Number of Inch 00s om 50s Wer ostte bs okie deste neers 
pitches mens. to to to to to to to to to 
0.0781 0.1094 0.1563 0.2188 0.3125 0.4375 0.5625 0.6875 0.8750 
80 5to15 | 0.06 to 0.19 0.0012 0.0013 0.0014 0.0015 0.0016 —_— — — — 
16 to 30 | 0.191 to 0.38 0.0014 0.0014 0.0015 0.0016 0.0017 —_— —_ — — 
72 5to15 | 0.07 to 0.21 0.0013 0.0014 0.0014 0.0015 0.0016 0.0018 — —_ — 
16 to 30 | 0.211 to 0.42 0.0014 0.0015 0.0016 0.0017 0.0018 0.0019 — — — 
64 5 to 15 | 0.08 to 0.23 0.0014 0.0014 0.0015 0.0016 0.0017 0.0019 0.0020 — — 
16 to 30 | 0.231 to 0.46 0.0015 0.0016 0.0017 0.0018 0.0019 0.0020 0.0022 — —_ 
56 5 to 15 | 0.09 to 0.27 0.0014 0.0015 0.0016 0.0017 0.0018 0.0019 0.0021 0.0022 0.0023 
16 to 30 | 0.271 to 0.54 0.0016 0.0017 0.0018 0.0019 |} 0.0020 0.0021 0.0023 0.0024 0.0025 
48 5 to 15 | 0.10 to 0.31 — 0.0016 0.0017 0.0018 0.0019 0.0020.—. 0.0022 0.0023 0.0024 
16 to 30 | 0.311 to 0.62 — 0.0018 0.0019 0.0020 0.0021 0.0023 0.0024 0.0025 0.0026 
40 5to15 | 0.12 to 0.38 —_— —_ 0.0018 0.0019 0.0020 0.0022 0.0023 0.0024 0.0025 
16 to 30 | 0.381 to 0.76 — _— 0.0021 0.0022 0.0023 0.0024 0.0026 0.0027 0.0028 
36 5to15 | 0.14 to 0.42 — — 0.0019 0.0020 0.0021 0.0023 0.0024 0.0025 0.0026 
16 to 30 | 0.421 to 0.84 — — 0.0022 0.0023 0.0024 0.0025 0.0027 0.0028 0.0029 
30 5to15 | 0.16 to 0.47 — a 0.0020 0.0021 0.0022 0.0024 0.0025 0.0026 0.0027 
16 to 30 | 0.471 to 0.94 — _ 0.0023 0.0024 0.0025 0.0027 0.0028 0.0029 0.0030 
28 §to15 | 0.18 to 0.54 — = = 0.0022 0.0023 0.0025 0.0026 0.0027 0.0028 
16 to 30 | 0.541 to 1.08 |* — a — 0.0026 0.0027 0.0028 0.0030 0.0031 0.0032 
24 5to15 | 0.21 to 0.62 = a —_ 0.0024 0.0025 0.0026 0.0028 0.0029 0.0030 
16 to 30 | 0.621 to 1.24 = — — 0.0028 0.0029 0.0031 0.0032 0.0033 0.0034 
20 5to15 | 0.25 to 0.75 = — — a 0.0027 0.0028 0.0030 0.0031 0.0032 
16 to 30 | 0.751 to 1.50 — — — — 0.0032 0.0034 0.0035 0.0036 0.0037 
18 5 to 15 | 0.28 to 0.83 = _ — — _— 0.0030 0.0031 0.0032 0.0033 
16 to 30 | 0.831 to 1.66 — - — — a 0.0035 0.0037 0.0038 0.0039 
16 5to15 | 0.31 to 0.94 — _ — —_— — 0.0031 0.0033 0.0034 0.0035 
16 to 30 | 0.941 to 1.88 — — — —_ —_ 0.0038 0.0039 0.0040 0.0041 
14 5to15 | 0.36 to 1.07 — — — — — — 0.0035 0.0036 0.0037 
16 to 80 | 1.071 to 2.14 — — — — — _ | 0.0042 0.0043 0.0044 
12 5 to 15 | 0.42 to 1.25 — _ — = —_ — 0.0037 0.0038 0.0039. 
16 to 30 | 1.251 to 2.50 — _ — — —_ a 0.0046 0.0047 0.0048 
10 5 to 15 | 0.50 to 1.50 — — i — —_ — — — 0.0043 
16 to 30 1.501 to 3.00 _ — o —_— — — — —_ 0.0053 . 
8 5 to 15 | 0.62 to 1.88 — — — — — — — — =e 
16 to 30 | 1.881 to 3.76 -- — _ — — — — — — 
7 §to 15 | 0.71 to 2.14 oo — =—— =— = = = pom ae 
16 to 30 | 2.141 to 4.29 = — = == == ae — a = 
6 5to15 | 0.83 to 2.50 — _ = == on = = a = 
16 to 30 | 2.501 to 5.00 —_— — — — —_ — — — — 
4 { 5to15 | 1.25 to 3.75 a = = = ee _ es Ea i 
\16 to 30 | 3.751 to 7.50 _ a S = ee os = at as 


* Tolerances are based on diameters given in common fractions, which are the means of the diameter ranges expressed in decimals. 
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SCREW THREADS 341 
| of Special Diameters, Pitches, and Lengths of Engagement 
|| 
PITCH-DIAMETER TOLERANCES® 
1 1% 1% 1% 2 2% 3 34% 4 5 6 8 10 12 BELTS 
0.8751 1.1251 1.3751 1.6251 1.8751 2.2501 2.7501 3.2501 3.7501 4.5001 5.5001 7.0001 9.0001 11.0001 PERN 
to to to to to to to to to to to to to to 
Hii) 1.1250 1.3750 1.6250 1.8750 2.2500 2.7500 3.2500 3.7500 4.5000 5.5000 7.0000 9.0000 | 11.0000 | 13.0000 
H = a NOTES 80 
| —_ _ 1. These values do not agree with and shall not be used in place of any tabulated values for the NC, 
| NF, 8N, 12N, 16N, and NEF thread series, and selected diameter-pitch combinations in Tables 
i) ee - 16 and 20. = 
| _ a 2. Formula: 
] Class 3 tolerances are determined by multiplying Class 2 tolerances (computed to six decimal 
| oS oa places) by 0.7. See Note 2, Table 29, for formula for Class 2 tolerances. 64 
= = 3. Length of engagement increments included in the tabulated tolerances for lengths of engagement 
| of from 5 to 15 pitches are based on lengths of 9 pitches; those for lengths of engagement from 16 
_— — to 30 pitches are based on lengths of 20 pitches. For lengths of engagement not tabulated, the 56 
—_ formula in Note 2 should be applied. 
4. Pitches listed are those used most commonly and are recommended. Where intermediate pitches 
_ are specified, the formula in Note 2 should be applied. 48 
= 5. Tolerances are tabulated only for combinations of diameter, pitch, and length of engagement 
which are considered to be generally used. For other combinations encountered, see Limitations 
_— of Design, Appendix D. 40 
0.0030 | 0.0031 — — — — — — — 36 
0.0032 | 0.0034 = = — _ — — — — _— = = 
0.0031 | 0.0032 | 0.0034 | 0.0035 | 0.0037 | 0.0039 — —_— — = 39 
0.0034 | 0.0035 | 0.0037 | 0.0038 | 0.0040 | 0.0042 — — —_ — = = = 
0.0032 | 0.0033 | 0.0035 | 0.0036 | 0.0038 | 0.0040 | 0.0042 | 0.0044 — _ _ = = 98 
0.0036 | 0.0037 | 0.0038 | 0.0040 | 0.0042 | 0.0044 | 0.0046 | 0.0048 — — — — = 
0.0033 | 0.0035 | 0.0036 | 0.0038 0.0040 0.0042 | 0.0044 | 0.0046 | 0.0049 | 0.0052 — = = oA 
0.0038 | 0.0039 | 0.0041 | 0.0042 | 0.0044 | 0.0046 | 0.0048 | 0.0050 | 0.0053 | 0.0056 — == a 
0.0035 | 0.0037 | 0.0038 | 0.0040 | 0.0042 | 0.0044 | 0.0046 | 0.0048 | 0.0051 | 0.0054 _ — = 20 
0.0041 | 0.0042 | 0.0043 | 0.0045 | 0.0047 | 0.0049 | 0.0051 | 0.0053 | 0.0056 | 0.0059 — — == 
0.0037 | 0.0038 | 0.0040 | 0.0041 | 0.0043 | 0.0045 | 0.0047 | 0.0049 | 0.0052 | 0.0055 | 0.0061 — = 18 
0.0042 | 0.0044 | 0.0045 | 0.0047 | 0.0049 | 0.0051 | 0.0053 | 0.0055 | 0.0058 | 0.0061 | 0.0066 — ass 
0.0038 | 0.0040 | 0.0041 | 0.0043 | 0.0045 | 0.0047 | 0.0049 | 0.0051 | 0.0054 | 0.0057 | 0.0062 | 0.0067 — 16 
0.0045 | 0.0046 | 0.0048 | 0.0049 | 0.0051 | 0.0053 | 0.0055 | 0.0057 | 0.0060 | 0.0063 | 0.0069 | 0.0073 — 
0.0040 | 0.0042 | 0.0043 | 0.0044 | 0.0047 | 0.0049 | 0.0051 | 0.0053 | 0.0056 | 0.0059 | 0.0064 | 0.0069 | 0.0073 14 
0.0048 | 0.0049 | 0.0051 | 0.0052 | 0.0054 | 0.0056 | 0.0058 | 0.0060 | 0.0063 | 0.0066 | 0.0072 | 0.0076 | 0.0081 
0.0043 | 0.0044 | 0.0046 | 0.0047 | 0.0049 | 0.0051 | 0.0053 | 0.0055 | 0.0058 | 0.0061 | 0.0067 | 0.0071 | 0.0076 12 
0.0051 | 0.0053 | 0.0054 | 0.0056 | 0.0058 | 0.0060 | 0.0062 | 0.0064 | 0.0067 | 0.0070 | 0.0075 | 0.0080 | 0.0084 
0.0046 | 0.0048 | 0.0049 | 0.0050 | 0.00538 | 0.0055 | 0.0057 | 0.0059 | 0.0062 | 0.0065 | 0.0070 | 0.0075 | 0.0079 10 
0.0056 | 0.0058 | 0.0059 | 0.0061 | 0.0063 | 0.0065 | 0.0067 | 0.0069 | 0.0072 | 0.0075 | 0.0080 | 0.0085 | 0.0089 
0.0051 | 0.0052 | 0.0054 | 0.0055 | 0.0057 | 0.0059 | 0.0061 | 0.0063 | 0.0067 | 0.0070 | 0.0075 | 0.0079 | 0.0084 8 
0.0064 | 0.0065 | 0.0067 | 0.0068 | 0.0070 | 0.0072 | 0.0074 | 0.0076 | 0.0079 | 0.0082 | 0.0088 | 0.0092 | 0.0097 
0.0054 | 0.0056 | 0.0057 | 0.0058 | 0.0061 | 0.0063 | 0.0065 | 0.0066 | 0.0070 | 0.0073 | 0.0078 | 0.0083 | 0.0087 7 
0.0069 | 0.0070 | 0.0072 | 0.0073 | 0.0075 | 0.0077 | 0.0079 | 0.0081 | 0.0084 | 0.0087 | 0.0093 | 0.0097 | 0.0102 
—_ 0.0060 | 0.0061 | 0.0062 | 0.0065 | 0.0067 | 0.0069 | 0.0071 | 0.0074 | 0.0077 | 0.0082 | 0.0087 | 0.0091 6 
_ 0.0077 | 0.0078 | 0.0079 | 0.0082 | 0.0084 | 0.0086 | 0.0088 | 0.0091 | 0.0094 | 0.0099 | 0.0104 | 0.0108 
a = = 0.0076 | 0.0078 | 0.0080 | 0.0082 | 0.0084 | 0.0087 | 0.0090 | 0.0096 | 0.0100 | 0.0104 4 
— — — 0.0101 | 0.0104 | 0.0106 | 0.0108 | 0.0110 | 0.0113 | 0.0116 | 0.0121 | 0.0126 | 0.01380 
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TABLE 3la—Classes 1B, 2B, and 3B, Minor- 
MINOR-DIAMETER TOLERANCES® 
LENGTHS OF ENGAGEMENT IN TERMS 

THREADS TOLERANCE ig aes 0.060 0.073 0.086 0.099 0.112 0.125 0.138 0.164 0,190 
caer, tte 0.053 0.067 0.080 0.093 0.106 0.119 0.132 0.152 0.178 

Above f To and including to to to to to to to to to 

0.066 0.079 0.092 0.105 0.118 0.131 0.151 0.177 0.203 

A — 14 D 0.0035 | 0.0029 | 0.0025 | 0.0022 | 0.0020 | 0.0018 | 0.0017 | 0.0015 | 0.0013 

oF 34 14 D 24 D 0.0049 | 0.0044 | 0.0038 | 0.0034 | 0.0030 | 0.0028 | 0.0026 | 0.0022 | 0.0020 
1 24 D 114% D 0.0049 | 0.0049 | 0.0049 | 0.0045 | 0.0040 | 0.0037 | 0.0034 | 0.0030 | 0.0027 

114 14% D 3D 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0046 | 0.0043 | 0.0037 | 0.0033 

VW — 14 D 0.0039 | 0.0033 | 0.0029 | 0.0026 | 0.0023 | 0.0021 | 0.0020 | 0.0017 | 0.0015 

72 34 14 D 24D 0.0055 | 0.0049 | 0.0043 | 0.0038 | 0.0035 | 0.0032 | 0.0029 | 0.0026 | 0.0028 
1 24 D 1% D 0.0055 | 0.0055 | 0.0055 | 0.0051 | 0.0046 | 0.0042 | 0.0039 | 0.0034 | 0.0031 

114 1% D Shas) 0.0055 | 0.0055 | 0.0055 | 0.0055 | 0.0055 | 0.0053 | 0.0049 0.0043 | 0.0039 

yy — 4D 0.0045 | 0.0038 | 0.0033 | 0.0029 | 0.0027 | 0.0024 | 0.0023 | 0.0020 | 0.0018 

64 34 44D 246 D 0.0062 | 0.0057 | 0.0049 | 0.0044 | 0.0040 |-0.0037 | 0.0034 | 0.0030 | 0.0027 
1 24 D 1% D 0.0062 | 0.0062 | 0.0062 | 0.0059 |-0.0053 | 0.0049 | 0.0045 | 0.0040 | 0.0036 

14 1144 D 3 D 0.0062 | 0.0062 | 0.0062 | 0.0062 | 0.0062 | 0.0061 | 0.0057 | 0.0050 | 0.0045 

mA — 14 D — | 9.0044 | 0.0038 | 0.0034 | 0.0031 | 0.0029 | 0.0026 | 0.0023 | 0.0021 

56 34 ¥ D 24 D — | 0.0066 | 0.0057 | 0.0051 | 0.0046 | 0.0043 | 0.0040 | 0.0035 | 0.0032 
1 26 D 1% D — | 9.0070 | 0.0070 | 0.0068 | 0.0062 | 0.0057 | 0.0053 | 0.0047 | 0.0042 

114 14D 3 D — | 9.0070 | 0.0070 | 0.0070 | 0.0070 | 0.0070 | 0.0066 | 0.0059 | 0.0053 

o — 14 D = — | 0.0045 | 0.0040 | 0.0037 | 0.0034 | 0.0032 | 0.0028 | 0.0025 

48 34) 14 D 24D = — | 9.0068 | 0.0061 | 0.0055 | 0.0051 | 0.0047 | 0.0042 | 0.0038 
1 24 D 11% D = — | 0.0082 | 0.0081 | 0.0074 | 0.0068 | 0.0063 | 0.0056 | 0.0051 

14% 1% D 3 D — | — | 9.0082 | 0.0082 | 0.0082 | 0.0082 | 0.0079 | 0.0070 | 0.0063 

as — 44D = ae — | 0.0049 | 0.0045 | 0.0041 | 0.0039 | 0.0034 | 0.0031 

40 34 1g D 24 D = = — | 0.0074 | 0.0067 | 0.0062 | 0.0058 | 0.0051 | 0.0047 
1 24 D 1% D = = — | 9.0098 | 0.0090 | 0.0083 | 0.0077 | 0.0068 | 0.0062 
14 14 D 3. wD = = = 0.0098 | 0.0098 | 0.0098 | 0.0096 | 0.0086 | 0.0078 | 

i = l% D ae en a — | 0.0050 | 0.0046 | 0.0043 | 0.0038 | 0.0035 

36 74, +g D 24 D — — — — | 0.0075 | 0.0069 | 0.0065 | 0.0058 | 0.0052 
1 24 D 1% D a ee = — | 0.0100 | 0.0093 | 0.0086 | 0.0077 | 0.0070 

114 1% D 3 ID) = = = — | 0.0109 | 0.0109 | 0.0108 | 0.0096 | 0.0087 

¥% — 1g D aA act 43 “ pe — | 9.0049 | 0.0043 | 0.0039 

39 24 +g D 24 D 35 — — = = — | 0.0073 | 0.0065 | 0.0059 
1 24 D 1% D = = = = = — | 0.0098 | 0.0087 | 0.0079 

114 1% D gi 1 9D) os = = = =e — | 0.0122 | 0.0108 | 0.0099 

4% = 14D — = = = = a = — | 0.0045 

28 24 14 D 24 D ra = La = — | 0.0068 
1 24 D 1% D = = = = = == = — | 0.0091 

14% 1144 D 35D = at = = — == a — | 0.0113 

4% — 14D = =: = = = = = — | 0.0053 

yl 4 4 D 36D .« — — _ — — — — — | 0.0079 
1 24 D 1% D — — = — — | 0.0106 

1}4 1% D 30D = = = = = 0.0132 


® Tf the minor- 


diameter tolerance as selected from this table is less than the pitch-diameter tolerance, 


> Tolerances for lengths of engagement in terms of pitch should be selected from equivalent lengths of engagement in terms of diameter ranges. 


© Tolerances are based on diameters given on upper line, which are the means of the nominal diameter ranges beneath them. 


use the latter. See Limitations of Design, Appendix D. 


| 
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| 
Diameter Tolerances* for Internal Special Threads 
. 
{ | MINOR-DIAMETER TOLERANCES®° 
t 0.216 0.250 0.3125 0.375 0.4375 0.500 0.5625 0.625 0.6875 0.750 0.8125 0,875 0.9375 1.000 Pres won 
| | 0.204 0.234 0.282 0.345 0.407 0.470 0.532 0.595 0.657 0.720 0.782 0.845 0.907 eet ae 
i \| to to to to to to to to to to to to to 
Bip 0.233 0.281 0.344 0.406 0.469 0.531 0.594 0.656 0.719 0.781 0.844 0.906 0.969 
) 0.0013 | 0.0013 | 0.0013 — — — — — — — — = as zee 
' ||| 0.0020 | 0.0020 | 0.0020 — _— — — = = = = = ae za oe 
| | 0.0026 | 0.0026 | 0.0026 | — a - ie ae oe Be z ee at Me 
‘| | 0.0033 | 0.0033 | 0.0033 | + — = = 2 = a. = = me is = 
+ | 0.0015 | 0.0015 | 0.0015 | 0.0015 | 0.0015 | — ie See Pe 2 pes Sie ios e 
"| | 0.0022 | 0.0022 | 0.0022 | 0.0022 | 0.0022 | — — Be ee 2 
| 0.0029 | 0.0029 | 0.0029 | 0.0029 | 0.0029 — 
| | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | — — 
64 
56 
48 
40 
36 
32 
28 
24 
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TABLE 31b—Classes 1B, 2B, and 3B, Minor- 


MINOR-DIAMETER TOLERANCES® 
LENGTHS OF ENGAGEMENT IN TERMS 
cunhes ae NN ies oo | 007s | 0.086 | 0099 | O12 | 0125 | O48} O:t6h) )pReam 
Rie age 0.053 0.067 0.080 0.093 0.106 o.119 0.132 0. 182 0.178 
iecten ‘ 

pean Be ag eye lignl 0.079 0.092 0.108 0.118 0.131 0.131 0.177 0.203 
M4 — M4 D — | —*) veel fe 
< 94 M4 D % D = | >| i= 
1 2% D 14D = = La = 
134 1% D 30D = = = ee = == 
4) = 44 D — == oe 

18 34 44D 24 D = = = 
1 26D 1% D es a af 22 ei fe 
114 1% D 32D = = = = a = a at = 
Ms - 4% D |} } ies ol pis pi) bes 0) Sel) Oe 2 
16 34 44 D 23 D = a a, 4 ma a) eee = i = 
1 24 D 144 D Le = = ~ i Be ee ee 
14 144 D BD _— ax eee ae = = = ere 
4% == 14 D — — = = _ po 
14 34 44 D 24 D oa = a =z or =a 
1 24 D 144 D = as = = = = us os ds 
114 14 D 3D = aus = _ = = 
¥ — 4% D be ae 2A oe 
1 2% D 134 D sy) | oe eT Wee | fia - 
114 1% D 3 WD as ge on om me rah 
\w% ae 6D ic 2 oe e es 
10 34 44D 23 D = a a: is at a a a 7 
1 24 D 1% D _— — ~ — — _ 
134 14D 3 8D — tes = -_ ls bes 
4% aa 44D oa Tad aa = az =x a or as 
8 34 44 D 24 D ae oF a aa a ae a ag 3 
1 24 D 14% D - ~ — - ~ — - — 
134 144 D 2 OD = = a — = — 
% = 144 D = 26 oy, ee: Les 
7 4 44 D 24 D — _ = ~ a = ae ae 
1 26 D 144 D _ — = = = a= ao a8 ef 
134 144 D 8 ELD = = es aus - eal Bits phe 
4% = 14 D — — aS es ae a e rm 22 
6 34 43 D 23 D ar = ae a a aoa 7 ia ai 
1 24 D 144 D = = = = = = = = = 
134 14% D 3 D = = oe = a Ms ee = pall 
a = 14 D _ — — = - 
4 34 44 D 28 D = a ae ae = 
1 24 D 14% D° es bi, 
134 1g D 3. ID 2s 2 ee Lor ie int 


pul the minor-diameter tolerance as selected from this table is less than the pitch-diameter tolerance, use the latter. See Limitations of Design, Appendix D, 
a Tolerances for lengths of engagement in terms of pitch should be selected from equivalent lengths of engagement in terms of diameter ranges. 
Tolerances are based on diameters given on upper line, which are the means of the nominal diameter ranges beneath them. 
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"Diameter Tolerances* for Internal Special Threads 


SCREW THREADS 


MINOR-DIAMETER TOLERANCES® 


0.500 


0.5625 


0.625 


0.6875 


1,000 


0.470 
to 
0.531 


0.532 
to 
0.594 


0.657 


to 
0.719 


THREADS 
PER INCH 


0.0039 
0.0058 
0.0078 
0.0097 


0.0043 
0.0065 
0.0086 
0.0108 


0.0048 
0.0072 
0.0096 
0.0120 


0.0054 
0.0082 
0.0109 
0.0136 


0.0063 
0.0094 
0.0125 
0.0157 


0.0039 
0.0058 
0.0078 
0.0097 


0.0041 
0.0062 
0.0082 
0.0103 


0.0046 
0.0069 
0.0092 
0.0115 


0.0052 
0.0078 
0.0104 
0.0130 


0.0060 
0.0090 
0.0120 
0.0150 


0.0039 
0.0058 
0.0078 
0.0097 


0.0041 
0.0061 
0.0081 
0.0102 


0.0043 
0.0064 
0.0086 
0.0108 


0.0049 
0.0073 
0.0097 
0.0122 


0.0056 
0.0084 
0.0112 
0.0140 


0.0066 
0.0099 
0.0131 
0.0164 


20 


18 


16 


14 


12 


10 
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TABLE 32a—Classes 2 and 3, Minor-Diameter 


a ipaaorernrsnysta ae ay MINOR-DIAMETER TOLERANCES FOR THREAD SIZES HAVING BASIC MAJOR DIAMETERS 
ii E 
2 Tolerances based on > 0.060 0.073 0.086 0.099 0.112 0.125 0.138 0.164 0.190 ~ 0.216 0.250 0.3125 
<H = | a 
5 4 mae | Above > 0.053 0.066 0.079 0.092 0.105 0.118 0.131 0.151 0.177 0.203 0.233 0.281 
ratios o E | p= 
| Seiten! 0.066 0.079 0.092 0.105 0.118 0.131 0.151 0.177 0.203 0,233 0.281 0.344 
cluding \ eh 
Tene 1% D | 0.0027 | 0.0022 | 0.0017 | 0.0013 | 0.0013 | 0.0013 | 0.0013 | 0.0013 | 0.0013 | 0.0013 | 0.0013 | 0.0013 
= 3%| | 44 D| 24 D | 0.0041 | 0.0033 | 0.0026 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 
1 24 D| 114 D | 0.0049 | 0.0044 | 0.0034 | 0.0026 | 0.0026 | 0.0026 | 0.0026 | 0.0026 | 0.0026 | 0.0026 | 0.0026 | 0.0026 
114} 14% DI 3  D | 0.0049 | 0.0049 | 0.0042 | 6.0033 | 0.0033 | 0.0033 | 0.0033 | 0.0033 | 0.0033 | 0.0033 | 0.0033 | 0.0033 
fw 14 D | 0.0032 | 0.0027 | 0.0022 | 0.0017 | 0.0013 | 0.0013 | 0.0013 | 0.0013 | 0.0013 | 0.0013 | 0.0013 | 0.0013 
D 34] 16 Di 26 D | 0.0048 | 0.0040 | 0.0033 | 0.0025 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 
1 |) 24 Di) 1% D | 0.0054 | 0.0054 | 0.0044 | 0.0033 | 0.0027 | 0.0027 | 0.0027 | 0.0027 | 0.0027 | 0.0027 | 0.0027 | 0.0027 
114 | [1146 DI 3. D | 0.0054 | 0.0054 | 0.0054 | 0.0041 | 0.0034 | 0.0034 | 0.0034 | 0.0034 | 0.0034 | 0.0034 | 0.0034 | 0.0034 
WAN (fe 14 D | 0.0038 | 0.0033 | 0.0028 | 0.0022 | 0.0017 | 0.0014 | 0.0014 | 0.0014; 0.0014 | 0.0014 | 0.0014 | 0.0014 
a 34/] 14 D| 24 D | 0.0057 | 0.0049 | 0.0041 | 0.0034 | 0.0026 | 0.0021 | 0.0021 | 0.0021 | 0.0021 | 0.0021 | 0.0021 | 0.0021 
1 24 D| 114 D | 0.0062 | 0.0062 | 0.0055 | 0.0045 | 0.0035 | 0.0028 | 0.0028 | 0.0028 | 0.0028 | 0.0028 | 0.0028 | 0.0028 
114| (14% D} 3D | 0.0062 | 0.0062 | 0.0062 | 0.0056 | 0.0044 | 0.0035 | 0.0035 | 0.0035 | 0.0035 | 0.0035 | 0.0038 | 0.0042 
WA — 14D) —_ | 0.0040 | 0.0035 | 0.0029 | 0.0024 | 0.0019 | 0.0015 | 0.0015 | 0.0015 | 0.0015 | 0.0015 | 0.0015 
ge. oe 14 Di 24 D| — | 0.0060 | 0.0052 | 0.0044 | 0.0037 | 0.0029 | 0.0023 | 0.0023 | 0.0023 | 0.0023 | 0.0023 | 0.0023 
1 24 Di 14% D!| —_ | 0.0070 | 0.0069 | 0.0059 | 0.0049 | 0.0038 | 0.0030 | 0.0030 | 0.0030 | 0.0030 | 0.0030 | 0.0030 
1144/1144 Di 3° D| —_ | 0.0070 | 0.0070 | 0.0070 | 0.0061 | 0.0048 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0044 
WAI AID) | — | 0.0044 | 0.0039 | 0.0033 | 0.0028 | 0.0023 | 0.0016 | 0.0016 | 0.0016 | 0.0016 | 0.0016 
48 87 || eYeuD| eas — | 0.0066 | 0.0058 | 0.0050 | 0.0042 | 0.0035 | 0.0024 | 0.0024 | 0.0024 | 0.0024 | 0.0024 
1 Ip) Wes We) ll = — | 0.0082 | 0.0077 | 0.0067 | 0.0057 | 0.0046 | 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0032 
124 laldeee DiS UeeD el te — | 0.0082 | 0.0082 | 0.0082 | 0.0071 | 0.0058 | 0.0041 | 0.0041 | 0.0041 | 0.0041 | 0.0046 
WHA If = LADY) =: — | 0.0050 | 0.0045 | 0.0040 | 0.0035 | 0.0025 | 0.0020 | 0.0019 | 0.0019 | 0.0019 
o 34] ] 16 Da aa = — | 0.0076 | 0.0068 | 0.0060 | 0.0053 | 0.0037 | 0.0030 | 0.0029 | 0.0029 | 0.0029 
1 %DIIwD| — = — | 0.0098 | 0.0091 | 0.0080 | 0.0070 | 0.0050 | 0.0040 | 0.0039 | 0.0039 | 0.0039 
114-13 Ae Seine meee = — | 0.0098 | 0.0098 | 0.0098 | 0.0088 | 0.0063 | 0.0049 | 0.0049 | 0.0049 | 0.0049 
Vea alimene WA Jp 0.0053 | 0.0048 | 0.0043 | 0.0032 | 0.0022 | 0.0022 | 0.0022 | 0.0022 
%6 34|] 14 Di 24D — | 0.0079 | 0.0072 | 0.0064 | 0.0049 | 0.0033 | 0.0032 | 0.0032 | 0.00382 
1 24 Di 1% D | — | 0.0106 | 0.0095 | 0.0085 | 0.0065 | 0.0044 | 0.0043 | 0.0043 | 0.0043 
134/ (1% D3 D! — | 0.0109 | 0.0109 | 0.0106 | 0.0081 | 0.0055 | 0.0052 | 0.0054 | 0.0054 
Vaal nes 14D" | — | 0.0052 | 0.0041 | 0.0031 | 0.0026 | 0.0024 | 0.0024 
30 | 94|) 7% D) 4D = = — | 0.0077 | 0.0062 | 0.0046 | 0.0040 | 0.0037 | 0.0037 
1 24 Di 1% D = — — | 0.0103 | 0.0082 | 0.0062 | 0.0053 | 0.0049 | 0.0049 
1144] (1% Di/3 D = a = 0.0123 | 0.0103 | 0:0078 | 0.0066 | 0.0061 | 0.0061 
Woe bit == 14g D = = — — ~ — — — | 0.0042 | 0.0033 | 0.0030 | 0.0028 
og |) Ald eee es = fa = oi os = — | 0.0068 | 0.0050 | 0.0044 | 0.0042 
1 24D) 14% D = = = == — | 0.0084 | 0.0066 | 0.0059 | 0.0056 
114 | |146"D|'3 —D = = = = — | 0.0104 | 0.0083 | 0.0074 | 0.0070 
La 44D = — — — = = — — | 0.0055 | 0.0045 | 0.0038 | 0.0032 
94 34 ED %D| — = = = = = = — | 0.0083 | 0.0067 | 0.0057 | 0.0049 
1 2A TOA TO) Nl ae = = = = 0.0110 | 0.0090 | 0.0077 | 0.0065 
Elie sa yay © yoy)| «== = = = = = om — | 0.0138 | 0.0112 | 0.0096 | 0.0081 


* If the minor-diameter tolerance as selected from this table is less than the pitch-diameter tolerance, use the latter. See Limitations of Design, Appendix D. 
Tolerance for lengths of engagement in terms of pitch should be selected from equivalent lengths of engagement in terms of diameter ranges. 
° Same as respective pitch-diameter tolerances for each class, but not less than values in preceding column. 


THREADS PER INCH 


ke 
SCREW THREADS 
| Tolerances¢ for Internal Special Threads 
MINOR-DIAMETER TOLERANCES FOR THREAD SIZES HAVING BASIC MAJOR DIAMETERS 
0.375 0.4375 0.500 0.5625 | 0.625 0.6875 0.750 0.8125 0.875 0.9375 1.000 1.250 2.000 3.500 
0.344 0.406 0.469 0.531 | 0.504 0.656 0.719 0.781 0.844 0.906 0,969 1.031 1.500 2.5 
0.406 0.469 0.531 0.594 0.656 0.719 0.781 0.844 0.906 0.969 1.031 1.500 2.5 4.5 
0.0013 | 0.0013 — — = 
| 0.0020 | 0.0020 — = = 
0.0026 | 0.0026 aa 
0.0033 | 0.0033 — — — — — — = — — 
0.0013 | 0.0013 | 0.0013 | 0.0014 | 0.0014 0.0015 | 0.0015 — — — — 


0.0020 | 0.0020 | 0.0020 | 0.0021 | 0.0022 | 0.0022 0.0023 = — — 
0.0027 | 0.0027 | 0.0027 | 0.0028 | 0.0029 | 0.0030 0.0031 — — 
0.0034 | 0.0034 | 0.0034 | 0.0039 | 0.0042 | 0.0042 0.0042 


0.0014 | 0.0014 | 0.0014 | 0.0014 | 0.0014 | 0.0015 | 0.0015 0.0016 | 0.0016 | 0.0017 | 0.0017 | 0.0018 
| 0.0021 | 0.0021 | 0.0021 | 0.0021 | 0.0022 | 0.0022 0.0023 | 0.0024 | 0.0025 | 0.0025 | 0.0025 | 0.0026 


0.0028 | 0.0028 | 0.0028 | 0.0028 | 0.0029 | 0.0030 0.0031 | 0.0032 | 0.0033 | 0.0034 | 0.0034 | 0.0035 — — 


0.0044 | 0.0044 | 0.0044 | 0.0044 | 0.0047 | 0.0047 0.0047 | 0.0050 | 0.0050 | 0.0050 | 0.0050 | 0.0052 


0.0015 | 0.0015 | 0.0015 | 0.0015 | 0.0016 | 0.0016 | 0.0016 0.0016 | 0.0017 | 0.0018 | 0.0018 | 0.0020 


0.0023 | 0.0023 | 0.0023 | 0.0023 | 0.0023 | 0.0024 | 0.0024 0.0025 | 0.0025 | 0.0026 | 0.0027 | 0.0031 


0.0030 | 0.0030 | 0.0030 | 0.0030 | 0.0031 | 0.0032 0.0032 | 0.0033 | 0.0034 | 0.0035 | 0.0036 | 0.0041 — —_ 
0.0046 | 0.0046 | 0.0046 | 0.0049 | 0.0049 | 0.0052 0.0052 | 0.0056 | 0.0056 | 0.0056 | 0.0056 | 0.0056 


a ee Oe aid teae aaa on ~ 


j 

i 

' 0.0016 | 0.0016 | 0.0016 | 0.0016 | 0.0016 | 0.0018 | 0.0018 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0022 | 0.0022 — 

| 0.0024 | 0.0024 | 0.0024 | 0.0024 | 0.0024 | 0.0028 0.0028 | 0.0029 | 0.0029 | 0.0029 | 0.0029 | 0.0033 | 0.0033 — 

| | 0.0032 | 0.0032 | 0.0034 | 0.0037 0.0037 | 0.0037 | 0.0037 | 0.0039 | 0.0039 | 0.0039 | 0.0039 0.0044 | 0.0044 — 
0.0048 | 0.0048 | 0.0048 | 0.0051 | 0.0051 | 0.0057 | 0.0057 0.0059 | 0.0062 | 0.0062 | 0.0062 | 0.0062 | 0.0062 — 

i 0.0019 | 0.0019 | 0.0019 | 0.0019 0.0019 | 0.0019 | 0.0019 | 0.0019 | 0.0019 | 0.0019 | 0.0020 | 0.0022 0.0024 — 

| 0.0029 | 0.0029 | 0.0029 | 0.0029 | 0.0029 | 0.0029 | 0.0029 0.0029 | 0.0029 | 0.0029 | 0.0031 | 0.0034 | 0.0036 — 

0.0039 | 0.0039 | 0.0039 | 0.0039 | 0.0039 | 0.0039 | 0.0039 0.0041 | 0.0041 | 0.0041 | 0.0041 | 0.0045 | 0.0048 = 

0.0049 | 0.0049 | 0.0051 | 0.0054 | 0.0054 | 0.0057 | 0.0057 0.0062 | 0.0068 | 0.0068 | 0.0068 | 0.0068 | 0.0068 — 


_ | 0.0022 | 0.0022 | 0.0022 | 0.0022 | 0.0022 | 0.0022 | 0.0022 0.0022 | 0.0022 | 0.0022 | 0.0022 | 0.0023 | 0.0025 | 0.0025 
| | 0.0032 | 0.0032 | 0.0032 | 0.0032 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0035 0.0038 | 0.0038 
| | 09-0043 | 0.0043 | 0.0043 | 0.0043 | 0.0043 | 0.0043 | 0.0043 0.0043 | 0.0043 | 0.0043 | 0.0043 | 0.0046 | 0.0050 | 0.0050 
| | 0.0054 | 0.0054 | 0.0054 | 0.0057 | 0.0057 | 0.0057 | 0.0057 0.0065 | 0.0070 | 0.0070 | 0.0070 | 0.0072 | 0.0072 | 0.0072 


0.0024 | 0.0024 | 0.0024 | 0.0024 | 0.0024 | 0.0024 | 0.0024 0.0024 | 0.0024 | 0.0024 | 0.0024 | 0.0024 | 0.0027 | 0.0027 
0.0037 | 0.0037 | 0.0037 | 0.0037 | 0.0037 | 0.0037 | 0.0037 0.0037 | 0.0037 | 0.0037 | 0.0037 | 0.0037 | 0.0041 | 0.0041 
0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0054 | 0.0054 | 0.0054 
0.0061 | 0.0061 | 0.0061 | 0.0061 | 0.0061 | 0.0061 | 0.0061 0.0065 | 0.0070 | 0.0070 | 0.0070 | 0.0076 | 0.0076 | 0.0076 


0.0028 | 0.0028 | 0.0028 | 0.0028 0.0028 | 0.0028 | 0.0028 | 0.0028 | 0.0028 | 0.0028 | 0.0028 | 0.0028 0.0028 | 0.0031 
0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0046 
0.0056 | 0.0056 | 0.0056 | 0.0056 | 0.0056 | 0.0056 | 0.0056 0.0056 | 0.0056 | 0.0056 | 0.0056 | 0.0056 | 0.0062 | 0.0062 
0.0070 | 0.0070 | 0.0070 | 0.0070 | 0.0070 | 0.0070 | 0.0070 0.0070 | 0.0070 | 0.0070 | 0.0070 | 0.0079 | 0.0086 | 0.0086 


0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0032 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0032 | 0.0033 
0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 | 0.0049 
0.0065 | 0.0065 | 0.0065 | 0.0065 | 0.0065 | 0.0065 | 0.0065 0.0065 | 0.0065 | 0.0065 | 0.0065 | 0.0065 | 0.0065 | 0.0066 
0.0081 | 0.0081 | 0.0081 | 0.0081 | 0.0081 | 0.0081 | 0.0081 0.0081 | 0.0081 | 0.0081 | 0.0081 | 0.0081 | 0.0089 | 0.0092 
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TABLE 32b—Classes 2 and 3, Minor-Diameter 
peter ae gees Ag ay MINOR-DIAMETER TOLERANCES FOR THREAD SIZES HAVING BASIC MAJOR DIAMETERS 
4 
I 
: Tolerances based on > 0.060 0.073 0.086 0.099 0.112 0.125 0.138 0.164 0.190 0.216 0.250 0.3125 
ap Toler- < 
z | ance | {| Above > 0,053 0.066 0.079 0.092 0.105 0.118 0.131 0.151 0.177 0.203 0.233 0.281 
Tatios | 2 
to— 7 
| sna in-| 0.066 0.079 0.092 0.105 0.118 0.131 0.151 0.177 0.203 0.233 0.281 0.344 
cluding 
1 een See Dol — | 0.0050 | 0.0044 
20 34 44D 33D = = a = = — = 0.0076 | 0.0066 
1 24 D 14 D = = = = 0.0101 | 0.0088 
$3,541 96 SRD I We ee oe = 0.0126 | 0.0110 | 
Te [7 gD et = = oe = = 0.0052 | 
re Pe ies ie ed eee Lome Lei A % ee 
1 24 D\ 14% D | == = = == = — = = 0.0104 
14%)/0% D3 D = = = 0.0130 
| ee 
%\(— | 4D wn | cee 9 RR NES ee ND 
1g |) 2411 24D) 6 PD ‘ = (SS 
1 Sa DI 4 Dee ee ae = - 
14%|\1% D3 D — aa — = = = a = == = — — 
ag) ff agep, | | A I a ee 
in |) 36D) ase D | VE aaa Gers — "|e 
14%|/14% D3 D = == = a == — — — 
wit— | sep | See | oe 6 eet ee ie 
ie 1) oe Dieta | SS eee =o) |e 
14|\1% D3 D — = = = = == == = a = — — 
tt | agp | Me | ORL | toe jet | SO RN 
1 24 D\ 1% D —_— = = = 7 - — = = — = — 
144) 1% Di 3 D = = as — = == =e a= — 
ag | ou | Sagsay’| tom | Sees | | eee | ane I Se 
Male ole bce ee ie ee semi oe 
1 24 Di 14%D — = Se = = — a a = = — _ 
144|\14% Di) 3 D _— = = = a = = = = = — _— 
og | fae 0 | Segue, | ogee | aim pee | eh a RE er 
5 || 9) 6 DE aD: | AE | OE eee meat ieee) eee ea ae 
1 24 D\ 144 D _— — == = = = == = = = as — 
14|0% Di 3 D — = = = — ra 2 = ca = = — 
ag | (eels on] gah | eee | pe] sae 0. | ai IR EE ee 
a kd 5] PRD] S567 | Seo Reese) es | See SNE Se aa | ieee cleo ee 
1 24 D\ 144 D — — == = == — a= a= ae — _ — 
14%|\1% DI3 D = = = = = = =e ay a 
ag | (re | sepgeas | comes | cee oem ee rte AO SR le 
g 188g | Petal Sign) WSO) et a ee =~ fosop =.) ie 
1 24 Di 14% D — — a = = == aS = = = — _— 
14%111% Dis D _ — — ao = 7 == — — = — — 


® Tf the minor-diameter tolerance as selected from this table is less than the pitch-diameter tolerance, use the latter. See Limitations of Design, Appendix D. 
Tolerance for lengths of engagement in terms of pitch should be selected from equivalent lengths of engagement in terms of diameter ranges. 
© Same as respective pitch-diameter tolerances for each class, but not less than values in preceding column. 
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MINOR-DIAMETER TOLERANCES FOR THREAD SIZES HAVING BASIC MAJOR DIAMETERS 


0.375 0.4375 0.500 0.5625 0.625 0.6875 0.750 0.8125 0.875 0.9375 1.000 1.250 2.000 3.500 
0.344 0.406 0.469 0.531 0.594 0.656 0.719 0.781 0.844 0.906 0.969 1.031 1.500 2.5 4.5° 
0.406 0.469 0.531 0,594 0.656 0.719 0.781 0.844 0.906 0.969 0.031 1.500 2.5 4.5 
0.0037 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | 0.0036 | — 
0.0056 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | — 
0.0075 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | 0.0072 | — 
0.0094 | 0.0090 | 0.0090 | 0.0090 | 0.0090 | 0.0090 | 0.0090 | 0.0090 | 0.0090 | 0.0090 | 0.0102 | 0.0102 | 0.0102 | 0.0102 | — 
0.0045 | 0.0039 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | 0.0038 | — 
0.0068 | 0.0058 | 0.0057 | 0.0057 | 0.0057 | 0.0057 | 0.0057 | 0.0057 | 0.0057 | 0.0057 | 0.0057 | 0.0057 | 0.0057 | 0.0057 | — 
0.0091 | 0.0078 | 0.0076 | 0.0076 | 0.0076 | 0.0076 | 0.0076 | 0.0076 | 0.0076 | 0.0076 | 0.0076 | 0.0076 | 0.0076 | 0.0082 | — 
0.0113 | 0.0097 | 0.0095 | 0.0095 | 0.0095 | 0.0095 | 0.0095 | 0.0095 | 0.0095 | 0.0095 | 0.0114 | 0.0114 | 0.0114 | 0.0114 | — 
0.0055 | 0.0049 | 0.0042 | 0.0040 | 0.0040 | 0.0040 | 0.0040 | 0.0040 | 0.0040 | 0.0040 | 0.0040 | 0.0040 | 0.0040 | 0.0040 | — 
0.0083 | 0.0073 | 0.0063 | 0.0060 | 0.0060 | 0.0060 | 0.0060 | 0.0060 | 0.0060 | 0.0060 / 0.0060 | 0.0060 | 0.0060 | 0.0060 | — 
0.0110 | 0.0097 | 0.0084 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0085 | — 
0.0138 | 0.0131 | 0.0114 | 0.0100 | 0.0100 | 0.0100 | 0.0100 | 0.0100 | 0.0100 | 0.0100 0.0115 | 0.0120 | 0.0123 | 0.0126 | — 
— 0.0061 | 0.0055 | 0.0048 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | 0.0042 | — 
= 0.0092 | 0.0083 | 0.0072 | 0.0062 | 0.0062 | 0.0062 | 0.0062 | 0.0062 | 0.0062 | 0.0062 | 0.0062 | 0.0062 | 0.0062 | — 
= 0.0123 | 0.0110 | 0.0096 | 0.0083 | 0.0083 | 0.0083 | 0.0083 | 0.0083 | 0.0083 | 0.0083 | 0.0096 | 0.0098 | 0.0098 | — 
= 0.0154 | 0.0138 | 0.0120 | 0.0103 | 0.0103 | 0.0103 | 0.0103 | 0.0103 | 0.0103 | 0.0115 | 0.0127 | 0.0133 | 0.0139 | — 
saz Sas a 0.0065 | 0.0058 | 0.0052 | 0.0045 | 0.0045 | 0.0045-| 0.0045 | 0.0045 | 0.0045 | 0.0045 | 0.0045 | — 
— = aoe 0.0097 | 0.0087 | 0.0077 | 0.0067 | 0.0067 | 0.0067 | 0.0067 | 0.0067 | 0.0067 | 0.0067 | 0.0067 | — 
= = = 0.0129 | 0.0116 | 0.0103 | 0.0090 | 0.0090 | 0.0090 | 0.0090 | 0.0090 | 0.0090 | 0.0098 | 0.0108 | — 
ag ore = 0.0161 | 0.0145 | 0.0129 | 0.0112 | 0.0112 | 0.0112 | 0.0112 | 0.0127 | 0.0181 | 0.0137 | 0.0143 | — 
ae cae = aaa = 0.0074 | 0.0068 | 0.0061 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | 0.0054 | — 
ee = = a aa 0.0111 | 0.0101 | 0.0092 | 0.0081 | 0.0081 | 0.0081 | 0.0081 | 0.0081 | 0.0081 | — 
= = = = = 0.0148 | 0.0135 | 0.0122 | 0.0108 | 0.0108 | 0.0108 | 0.0108 | 0.0108 | 0.0112 | — 
= a = — = 0.0185 | 0.0169 } 0.0152 | 0.0135 | 0.0185 | 0.0135 | 0.0135 | 0.0184 | 0.0184 | — 
au =< = = = ao = 0.0094 | 0.0087 | 0.0081 | 0.0074 | 0.0063 | 0.0063 | 0.0063 | — 
= = = a= al = = 0.0140 | 0.0130 | 0.0121 | 0.0111 | 0.0101 | 0.0101 | 0.0101 | — 
— ae = = 7S = = 0.0187 | 0.0174 | 0.0161 | 0.0148 | 0.0135 | 0.0135 | 0.0135 | — 
= = — —— = = = 0.0234 | 0.0218 | 0.0201 | 0.0180 | 0.0169 | 0.0195 | 0.0210 | — 
— — fo ae — oa a = = 0.0087 | 0.0084 | 0.0077 | 0.0077 | 0.0077 | — 
a — = == = = aa == = 0.0131 | 0.0126 | 0.0116 | 0.0116 | 0.0116 | — 
= a = = = = = = = 0.0175 | 0.0168 | 0.0154 | 0.0154 | 0.0154 | — 
ic == = = = a = = = 0.0218 | 0.0211 | 0.0192 | 0.0192 | 0.0192 | — 
= = <= = fa == = = = = 0.0090 | 0.0090 | 0.0090 | 0.0090 | — 
== as = = =< = 0.0135 | 0.0135 | 0.0135 | 0.01385 | — 
— = == = = = = == == = 0.0180 | 0.0180 | 0.0180 | 0.0180 | — 
= as == — = — — == a == 0.0226 | 0.0226 | 0.0226 | 0.0226 | — 
=F = = — = — — — —= = = 0.0135 | 0.0135 | 0.0135 | — 
a= 5 == — mee — = = = = = 0.0203 | 0.0203 | 0.0203 | — 
ss =) = — — _ — — == = = 0.0270 | 0.0270 | 0.0270 | — 
= = a — — — = = = = a 0.0337 | 0.0337 | 0.0337 | — 
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Appendix A—Terminology 


Terms Relating to Types of Screw Threads 


Screw Thread—A screw thread (hereinafter referred to as a 
thread) is a ridge of uniform section in the form of a helix on the 
external or internal surface of a cylinder or in the form of a conical 
spiral on the external or internal surface of a cone or frustum of 
a cone. A thread formed on a cylinder is known as a straight or 
parallel thread, to distinguish it from a taper thread which is 
formed on a cone or frustum of a cone. 

External Thread—An external thread is a thread on the external 
surface of a cylinder or cone. 

Internal Thread—An internal thread is a thread on the internal 
surface of a hollow cylinder or cone. 

Right-Hand Thread—A thread is a right-hand thread if, when 
viewed axially, it winds in a clockwise and receding direction. 

Left-Hand Thread—A thread is a left-hand thread if, when 
viewed axially, it winds in a counterclockwise and receding 
direction. All left-hand threads are designated LH. 

Single Thread—A single (single-start) thread is one having 
lead equal to the pitch. 

Multiple Thread—A multiple (multiple-start) thread is one in 
which the lead is an integral multiple of the pitch. 

Classes of Threads—Classes of threads are distinguished from 
each other by the amount of tolerance or tolerance and allowance 
specified. 


Terms Relating to Size of Parts 


Dimension—A dimension is a geometrical characteristic, such 
as a diameter, length, angle, circumference, or center distance, 
of which the size is specified. 

Size—Size is a designation of magnitude. 

Nominal Size—The nominal size is the designation which is 
used for the purpose of general identification. 

Basic Size—The basic size of a dimension is the theoretical 
size from which the limits of size for that dimension are derived 
by the application of the allowance and tolerances. 

Design Size—The design size of a dimension is the size in rela- 
tion to which the limits of tolerance for that dimension are 
assigned. 

Actual Size—The actual size of a dimension is the measured 
size of that dimension on an individual part. 

Limits of Size—These limits are the maximum and minimum 
sizes permissible for a specific dimension. 

Tolerance—The tolerance on a dimension is the total permis- 
sible variation in its size. The tolerance is the difference between 
the limits of size. 

Allowance—An allowance is an intentional difference in cor- 
related dimensions of mating parts. It is the minimum clearance 
(positive allowance) or maximum interference (negative allow- 
ance) between such parts. 

Fit—The fit between two mating parts is the relationship 
existing between them with respect to the amount of clearance 
or interference which is present when they are assembled. 


Terms Relating to Geometrical Elements of Screw Threads 
Axis—The axis of | a thread is the axis of its pitch cylinder 
or cone. 
Pitch Line—The pitch line is a generator of the imaginary cylin- 
der or cone specified in the definition of pitch diameter. 


Form—The form of thread is its profile in an axial plane for a 
length of one pitch. 

Basic Form of Thread—The basic form of a thread is the the- 
oretical profile of the thread for a length of one pitch in an axial 
plane, on which the design forms of the threads for both the 
external and internal threads are based. 

Design Form of Thread—The design forms for a thread are the 
maximum metal forms permitted for the external and internal 
threads. 

Fundamental Triangle—The fundamental triangle is the tri- 
angle whose corners coincide with three consecutive intersections 
of the extended flanks of the basic form. 

Flank—The flank (or side) of a thread is either surface con- 
necting the crest with the root, the intersection of which, with 
an axial plane, is a straight line. 

Leading Flank—The leading flank of a thread is the one which, 
when the thread is about to be assembled with a mating thread, 
faces the mating thread. 

Following Flank—The following flank of a thread is the one 
which is opposite to the leading flank. 

Pressure Flank—The pressure flank is that which takes the 
thrust or load in an assembly. The term is used particularly in 
relation to buttress and other similar threads. 

Clearance (or Trailing) Flank—The clearance flank is that 
which does not take the thrust or load in an assembly. 

Crest—The crest is that surface of the thread which joins the 
flanks of the thread and is farthest from the cylinder or cone from 
which the thread projects. 

Root—The root is that surface of the thread which joins the 
flanks of adjacent thread forms and is identical with or immedi- 
ately adjacent to the cylinder or cone from which the thread 
projects. 


Sharp Crest (or Crest Apex)—The sharp crest is the apex formed. 


by the intersection of the flanks of a thread we extended, if 
necessary, beyond the crest. 

Sharp Root (or Root Apex)—The sharp root is the apex formed 
by the intersection of the flanks of adjacent thread forms when 
extended, if necessary, beyond the root. 

Base—The base of a thread is that section of the thread which 
coincides with the cylinder or cone from which the thread 
projects. 

Complete Thread—The acs (or full) thread is that part 
of the thread having full form at both crest and root. When 
there is a chamfer at the start of the thread, not exceeding two 
pitches in length, it is included within the length of complete 
thread. 

Incomplete Thread—This is also known as the vanish or wash- 
out thread. On straight threads, the incomplete thread is that 
portion at the end having roots not fully formed by the lead or 
chamfer on threading tools. 

Effective Thread—The effective (or useful) thread includes the 
complete thread and that portion of the incomplete thread 
having fully formed roots but having crests not fully formed. 

Total Thread—The total thread includes the complete or effec- 
tive thread and the incomplete thread. 

Vanish Cone—The vanish cone is an imaginary cone, the sur- 
face of which would pass through the roots of the incomplete 
thread formed by the lead or chamfer of the threading tool. 

Vanish Point—The vanish point of an external thread is the 


| intersection of a generator of the vanish cone with a generator 


| of the cylinder of the largest major diameter of the thread. 


\_ 


Blunt Start—Blunt start designates the removal of the partial 
| thread at the entering end of thread. This is a feature of threaded 


| parts which are repeatedly assembled by hand, such as hose 


| couplings and thread plug gages, to prevent cutting of hands and 


|| erossing of threads, and which was formerly known as a 
| Higbee cut. 


Terms Relating to Dimensions of Screw Threads 


Terms relating to dimensions of both straight and taper threads 


are defined as follows: 

Pitch—tThe pitch of a thread is the distance, measured parallel 
to its axis, between corresponding points on adjacent thread 
forms in the same axial plane and on the same side of the axis. 

Lead—The lead is the distance a threaded part moves axially, 
with respect to a fixed mating part, in one complete rotation. 

Threads Per Inch—The number of threads per inch is the re- 
ciprocal of the pitch in inches. 

Turns Per Inch—The number of turns per inch is the reciprocal 
of the lead in inches. 

Included Angle—The included angle of a thread (or angle of 


_thread) is the angle between the flanks of the thread measured 


in an axial plane. 

Flank Angle—The flank angles are the angles between the 
individual flanks and the perpendicular to the axis of the thread, 
measured in an axial plane. A flank angle of a symmetrical 

_ thread is commonly termed the half-angle of thread. 

Lead Angle—On a straight thread the lead angle is the angle 
made by the helix of the thread at the pitch line with a plane 
perpendicular to the axis. On a taper thread, the lead angle at a 
given position is the angle made by the conical spiral of the 
thread at the pitch line with the plane perpendicular to the axis 
at that position. 

Thickness—The thickness of thread is the distance between the 
flanks of the thread measured at a specified position and parallel 
to the axis. 

Height of Fundamental Triangle—The height of the funda- 
mental triangle of a thread, or the height of a sharp-V thread, is 


_ the distance, measured perpendicular to the axis, between the 


sharp major and minor cylinders or cones, respectively. 

Height of Thread—The height (or depth) of thread is the 
distance, measured perpendicular to the axis, between the major 
and minor cylinders or cones, respectively. 

’ Addendum—The addendum of an external thread is the dis- 
tance, measured perpendicular to the axis, between the major 
and pitch cylinders or cones, respectively. The addendum of an 
internal thread is the distance, measured perpendicular to the 
axis, between the minor and pitch cylinders or cones, respectively. 

Dedendum—The dedendum of an external thread is the dis- 
tance, measured perpendicular to the axis, between the pitch 
and minor cylinders or cones, respectively. The dedendum of an 
internal thread is the distance, measured perpendicular to the 
axis, between the major and pitch cylinders or cones, respectively. 

Crest Truncation—The crest truncation of a thread is the dis- 
tance, measured perpendicular to the axis, between the sharp 
crest (or crest apex) and the cylinder or cone which bounds 
the crest. 

Root Truncation—The root truncation of a thread is the dis- 
tance, measured perpendicular to the axis, between the sharp 


ap! 
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root (or root apex) and the cylinder or cone which bounds 
the root. 

Major Diameter—On a straight thread, the major diameter is 
the diameter of the imaginary coaxial cylinder which bounds 
the crest of an external thread or the root of an internal thread. 

On a taper thread, the major diameter, at a given position on 
the thread axis, is the diameter of the major cone at that 
position. 

Minor Diameter-—On a straight thread, the minor diameter is 
the diameter of the imaginary coaxial cylinder which bounds the 
root of an external thread or the crest of an internal thread. 

On a taper thread, the minor diameter, at a given position on 
the thread axis, is the diameter of the minor cone.at that position. 

Pitch Diameter (Simple Effective Diameter)—On a straight 
thread, the pitch diameter is the diameter of the imaginary co- 
axial cylinder, the surface of which would pass through the thread 
profiles at such points as to make the width of the groove equal 
to one-half of the basic pitch. On a perfect thread this occurs at 
the point where the widths of the thread and groove are equal. 

On a taper thread, the pitch diameter ata given position on the 
thread axis is the diameter of the pitch cone at that position. 

Effective Size (or Virtual Effective Diameter)—The effective 
size of an external or internal thread is the diameter derived by 
adding to the pitch diameter in the case of an external thread, 
or subtracting from the pitch diameter in the case of an internal 
thread, the cumulative effects of pitch and angle errors. 

Depth of Thread Engagement—The depth of thread engagement 
between two mating threads is the distance, measured perpen- 
dicular to the axis, by which their thread forms overlap each 
other. 

Length of Thread Engagement—The length of thread engage- 
ment of two mating threads is the distance between the extreme 
points of contact on the pitch cylinders or cones, measured 
parallel to the axis. 

Crest Clearance—The crest clearance in a thread assembly is 
the distance, measured perpendicular to the axis, between the 
crest of a thread and the root of its mating thread. 

Stress Area—The stress area is the assumed area of an ex- 
ternally threaded part which is used for the purpose of computing 
the tensile strength. 

Tabulated stress areas applicable to steel parts are computed 
from the following formula: 


En IK es 
A, = 3.1416 (4%) 


= stress area 
mean pitch diameter, Class 3 tolerances 
K, = mean minor diameter, Class 3 tolerances 


Ss 
ut 


A formula giving results within 14% for computing Unified- 
form stress areas that are not tabulated is: 


meee 
s = 3.1416 [ — — — 
4, = ius (%— 4) 


where E = basic pitch diameter 


For <, see Table 1. 


(Text continued after Fig. 4.) 
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General Symbols 


SYMBOLS DIMENSIONS REMARKS SYMBOLS DIMENSIONS REMARKS 
D Major diameter Exception: B is used Distance from apex of funda- 
for basic major di- mental triangle to: 
ameter when this || fcs Flat at crest of external 
differs from the nomi- thread 
nal major diameter. rs Flat at root of external 
Subscripts s or n, in- thread 
dicating external or || fen Flat at crest of internal 
internal thread, may thread 
be used if necessary. || frn Flat at root of internal 
E Pitch diameter Subscripts s or n, in- thread 
K Minor diameter dicating external or Width of: 
internal thread, may || F Flat (general) 
be used if necessary. Bes Flat at crest of external 
Pp Pitch Equals 1/n. - thread 
l Lead Equals 1/N. Jes. Flat at root of external 
n Number of threads per unit of thread = 
length (per inch) ie Flat—at—erest of internal 
N Number of turns per unit of a thread 
length (per inch) | Der Flat at root of internal 
H Height of fundamental tri- thread 
angle L Length of bolt or screw 
h Height (or depth) of thread | Subscripts s or n, in- || Ly Length of full thread Subscripts s or 7, in- 
dicating external or dicating external or 
internal thread, may internal thread, may 
be used if necessary. be used if necessary. 
he Addendum Le Length of thread engagement 
ha Dedendum w Diameter of measuring wires 
ho Equals 2h. of basic external M, Measurement over wires 
thread T Measurement under wires 
he Depth of thread engagement C Correction to measurement | H = M, — C—e. 
a Half-angle of symmetrical over wires to give pitch di- | C = w (1 + cosec a) — 
thread ameter (cot a)/2n. 
a Angle between leading flank P Correction to measurement | # = 7'+P—c. 
of thread and norma! to axis under wires to give pitch di- | P = 1/2p cot a — 
of thread ameter (cosec a — 1) w. 
a2 Angle between following M1 Wire angle 
flank of thread and normal c Wire angle correction See National Physical 
to axis of thread Laboratory ‘‘Notes 
wees, on Screw Gages’’, 
" hic es HE August, 1944, page 23; 
r Radius of rounding at crest, | Subscripts ¢ or 7, indi- or National Bureau 
or radius of rounding at root | cating crest or root; of Standards Hand- 
and s or n, indicating book H28 (1944), page 
external or internal 228. 
thread, may be used prefix 
if necessary. symbol? | Error in any dimension Examples: Error in 
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(These drawings are not intended to illustrate thread forms but application of symbols only.) 
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Thread Shear Area—The thread shear area of the external 
thread is the effective area at a diameter equal to the maximum 
minor diameter of the internal thread. The thread shear area of 
the internal thread is the effective area at a diameter equal to the 
minimum major diameter of the external thread. The formula 
for shear area of the external threads at a diameter equal to the 
maximum minor diameter of the internal thread (AS,) is as 
follows: 


AS, = 3.1416nL. K, max E + 0.57735(#, min — K, max) | 
n 


The formula for shear area of the internal threads at a diameter 
equal to the minimum major diameter of external threads 
(AS,) is as follows: 


AS, = 3.1416nL, D, min E + 0.57735(D, min — EF), max) | 
mn 


where » = number of threads per inch 
L. = length of engagement 
K, max = maximum minor diameter of internal thread 
#£, min = minimum pitch diameter of external thread 
D, min = minimum major diameter of external thread 


EH, max = maximum pitch diameter of internal thread 

As materials bearing the same name vary greatly in ultimate 
strength and in other essential characteristics, the formulas given 
below are included in order that a safe length of external thread 
mating with internal threads may be calculated. It is desirable 


that the length of internal thread and the dimensions of this- 


thread, particularly its minor diameter, be such that, taking into 
account a possible difference in strength of material of the in- 
ternal and external threads, the threaded portion of the external 
thread will break before either the external or internal threads 


strip. For this reason, the shearing strength of the assembled unit 
should be taken as 14 the tensile strength, which gives a small 
factor of safety. 

The length of engagement of threaded unit which will develop 
maximum strength of an assembled threaded unit with external 
and internal thread manufactured of materials of equal tensile 
strength is computed from the following formula: 


oO 2 X Stress Area 


3.14167nK,, max E + 0.57735(£, mim’ —<K,, max) | 
n 


This formula has the factor “14” forrelation of shearing strength 
to tensile strength incorporated therein. The formula, while given 
for steel external and internal threads, may be used for brass 
external and internal threads and provide additional safety factor. 

Where the external and internal threads are manufactured of 
materials of different tensile strength, the factor J for the 
relative strength in shear of external threads with respect to 
internal threads must be considered. The factor J is computed 
from the following formula: 


_ AS, X Tensile Strength of External Thread 


sop gs 
AS, X Tensile Strength of Internal Thread 


The length of engagement of threaded unit adjusted to obtain 
proper relation of strength to cause breakage of bolt before 
threads will shear is Q@ and is computed from the following 
formulas: 

If J is less than 1,Q = L. 

If J is greater than 1,Q =J xX L. 


(Continued on next page.) 
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Appendix B—Formulas for Standard Thread Series, Limits of Size 


Classes 1A, 2A, 3A, 1B, 2B, 3B, 2, and 3 


UNC, UNF, NC, NF, NEF, 8N, 12N, and 16N Series 
External Thread 


Where D = basic major (nominal) diameter 
, h, = thread height (see SAE Table 1) 
has = screw addendum height (see SAE Table 1) 
h, = 2ha, (see SAE Table 1) 
E = basic pitch diameter (D minus h,) (see SAE Table 1) 
K, = minor diameter (D minus 2h,) (see SAE Table 1) 
p =pitch (in inches) 


Maximum Major Diameter 


Classes 1A and 2A = Basic major diameter (D), minus allow- 
ance (see SAE Table 21) 
Classes 3A, 2, and 3 = Basic major diameter (D) 


Minimum Major Diameter 


Class 1A = Maximum, minus 0.090 \/p? (see SAE Table 9) 

Classes 2A7 and 3A = Maximum, minus 0.060 +p? (see SAE 
Tables 10, 11, and 17) 

Classes 2 and 3 = Maximum, minus two times Class 2 pitch- 
diameter tolerance NC and NF series (see SAE Tables 
15, 16, and 19) 


Maximum Pitch Diameter 


[i Classes 1A and 2A = Basic pitch diam eter (Z), minus allow 
ance (see SAE Tables 9, 10, and 17) 
Classes 3A, 2, and 3 = Basie pitch diameter (£) 


Minimum Pitch Diameter 


= Maximum, minus tolerance for class of thread specified (see 
SAE Tables 9 to 20) 


Maximum Minor Diameter 


Classes 1A and 2A 
To intersection of rounded root with its centerline (see Fig. 1) 
= Minor diameter (K.), minus allowance (see SAE Tables 
9, 10, and 17) 
To intersection of rounded root with flanks of threads 
= Minor diameter (K,) (see SAE Table 1), minus allow- 
ance, plus H/6 (see SAE Tables 9, 10, and 17) 


UNC, UNF, NC, NF, NEF, 8N, 12N, and 16N Series 
Classes 1A, 2A, 3A, 1B, 2B, 3B, 2, and 3 


External Thread 


Where D = basic major (nominal) diameter 
h, = thread height (see SAE Table 1) 
L,. = length of engagement (in inches) 
p = pitch (in inches) 


7 Exceptions are the coarse-thread and 8-thread series Class 2A, unfinished hot- 
rolled material, which take the Class 1A formula. 


Classes 3A, 2, and 3 
To intersection of rounded root with its centerline (see Fig. 1} 
= Minor diameter (K,) (see SAE Table 1) 
To intersection of rounded root with flanks of threads 
= Minor diameter (K,) plus H/6 


Minimum Minor Diameter 


In dimensioning external threads, the minimum minor di- 
ameter is not specified, being established by the crest of an 
unworn tool. In practice, the minor diameter of an external 
thread is satisfactory when accepted by a gage or gaging 
method that represents the maximum metal condition of the 
internal thread. 


Internal Thread 


Where D = basic major (nominal) diameter 
h, = thread height (see SAE Table 1) 
E basic pitch diameter (D minus h,) (see SAE Table 1) 
K, = minor diameter (D minus 2h,) (see SAE Table 1) 
p = pitch (in inches) 


ll 


Maximum Major Diameter 


In dimensioning internal threads the maximum major di- 
ameter is not specified, being established by the crest of an 
unworn tool. In practice, the major diameter of an internal 
thread is satisfactory when accepted by a gage or gaging 
method that represents the maximum metal condition of an 
external thread which has no allowance. 

Minimum Major Diameter 


= Basic major diameter (D) 
Minimum Pitch Diameter 
= Basic pitch diameter (2) 


Maximum Pitch Diameter 
= Minimum, plus tolerance for class of thread specified (see 
SAE Tables 12 to 16, 18 to 20) 
Minimum Minor Diameter 
= Minor diameter (K,) 


Maximum Minor Diameter 
= Minimum, plus tolerance (see SAE Tables 12 to 16, 18 to 20) 


Appendix C—Formulas for Standard Thread Series, Allowances and Tolerances 


Allowance 
Classes 1A and 2A = 30% of Class 2A pitch-diameter toler- 


ance (see SAE Tables 9, 10, 17, and 22) 
Classes 3A, 2, and 3 = No allowance 


Major-Diameter Tolerance 


Class 1A = 0.090 V/2 s 
Classes 2A, semi-finished and finished, and 3A = 0.060 \/p2 
Class 2A UNC unfinished hot-rolled material = 0.090 ~/p? 
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Class 2 NC unfinished hot-rolled material = No formula’ engagement, use values obtained from SAE Tables 24, 
(see SAE Table 10, footnote e) 29, and 30. 

Classes 2 and 3, semi-finished and finished = Two times Class 16N Series 
2 pitch-diameter tolerance, NC and NF series for threads Class 2A = 0.0015 \/D + 0.0015 +/L. + 0.015 \/p? 
per inch specified (see SAE Tables 15 and 19, and Table 15, Class 2 
footnote b) 34 in. size = 34 in—16UNF pitch-diameter tolerance 

Over 34 in. = 0.002 +/D + 0.00133L. + 0.010 »/p 
Pitch-Diameter Tolerance Class 3 = 70% of Class 2 pitch-diameter tolerance 


Values in SAE Tables 17, 19, and 20 for Classes 2A, 
2, and 3 are based on a length of engagement (L.) equal 
to the nominal diameter for the 34 in. size and a length 
of engagement of 9 threads for larger sizes. These values 


UNC, UNF, NC and NF Series 
Class 1A = 1.500 Class 2A pitch-diameter tolerance _ 
*Class 2A = 0.0015 4/D + 0.0015 +/L. + 0.015 /p 


Class 3A = 0.750 Class 2A ieee creatine are suitable for lengths of engagement of from 5p to 15p. 
Classes 2 and 3 = No formulas (see § ables 15, 16, 19, For greater lengths of engagement use values obtained 


and 20) f AE Tables 24, 2 d 30 
Values in these tables for Class 2A are based on the a ree 


above formula, with L. = D. For Classes 2 and 3, they 


are based on the pitch of the thread only and are correct Minor-Diameter Tolerance 


for a length of engagement equal to the nominal diameter Classes 1A, 2A, 3A, 2, and 3 

but may be used for lengths of engagement up to 1/4 D. To intersection of rounded root with its centerline 

For lengths of engagement greater than 1/4 D, use values = Pitch-diameter tolerance for class of thread specified, 
obtained from SAE Tables 18 to 26, 29, and 30. plus H/12 (1% of H/6) (see SAE Table 1) 

NEF Series To intersection of rounded root with flanks of threads 
®Class 2A = 0.0015 ¥/D + 0.0015 +/L. + 0.015 \/p = Pitch-diameter tolerance for class of thread specified, 
®Class 2 = 0.0024/D + 0.00133L. + 0.010+/p plus H/4 (see SAE Table 1) 

Class 3 = 70% of Class 2 pitch-diameter tolerance The tolerance for minor diameter is for reference only. 

Values in SAE Tables 17, 19, and 20 for Classes 2A, In dimensioning external threads the minimum minor di- 

2, and 8 are based on a length of engagement (L.) equal . ameter is not specified, being established by the crest of an 

to 9 threads. These values are suitable for lengths of en- unworn tool. In practice, the minor diameter of an external 

gagement of from 5 to 15 pitches. For greater lengths of thread is satisfactory when accepted by a gage or gaging 

engagement, use values obtained from SAE Tables 24, method that represents the maximum metal condition of the 
29, and 30. internal thread. 

8N Series 
®Class 2A = 0.0015 +/D + 0.0015 +/Z. + 0.015 +/p? Internal Thread 
* Class 2 = 0.002 /D + 0.001331. + 0.010 ~/p Where D = basic major (nominal) diameter 
Class 8 = 70% of Class 2 pitch-diameter tolerance hn = thread height (see SAE Table 1) 


Values in SAE Tables 17, 19, and 20 are based on a 
length of engagement (L.) equal to the nominal diameter 
for Class 2A and for Classes 2 and 3 up to and including 
3 in. diameter; for larger diameters of Classes 2 and 3 
they are based on a length of engagement of 3 in. 


L, = length of engagement (in inches) 
p = pitch (in inches) 


Major-Diameter Tolerance 


These values, or those given in SAE Table 17 which Classes 1B, 2B, 3B, 2 and 3 = H/6 (see SAE Table 1) 

are based on 9 threads length of engagement, are suitable The tolerance for major diameter is for reference only. In 

for shorter lengths of engagement. For lengths of en- dimensioning internal threads the maximum major diameter is 

gagement greater than the above, use values obtained not specified, being established by the crest of an unworn tool. 

from SAE Tables 24, 29, and 30. In practice, the major diameter of an internal thread is sat- 

19N Series isfactory when accepted by a gage or gaging method that 

*Class 2A = 0.0015 +/D + 0.0015 «/L. + 0.015 pi represents the maximum metal condition of an external thread 
*Class 2 = 0.002 4/D + 0.00133L, + 0.010 </p Spangled Mateo Lic 


Class 3 = 70% of Class 2 pitch-diameter tolerance : : 
Values in SAE Tables 17, 19, and 20 for Classes 2A, Pitch-Diameter Tolerance 


2, and 3 are based on a length of engagement (L.) equal UNC. UNF. NC. and NF Seri 
to 9 threads except for those sizes which are in the UNC Class 1B ia 1 ai Class oh Hiei tolerance (1.500 
or UNF thread series. These values are suitable for lengths Class 2B) ; ’ 


of engagement of from 5p to 15p. For greater lengths of Class 2B = 1.30 Class 2A pitch-diameter tolerance 


Class 3B = 0.975 Class 2A pitch-diameter tolerance (0.750 
Class 2B) 
A ade ; Classes 2 and 3 = No formulas (see SAE Tables 15, 16, 19, 
_ ®&Two times Class 1 pitch-diameter tolerance, NC series for threads per 
inch specified. and 20) 


*See Tables 33 and 34 (A dix F) f 1 f these terms co: nding to : 
given valune of dimebe Geet net, eee: aoe Values in these tables for Classes 2 and 3 are based on 


* 
' 
by 
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the pitch of the thread only and are correct for a length of 
engagement equal to the nominal diameter but may be 
used for any lengths of engagement up to 114D. For 
greater lengths of engagement, use values obtained from 
SAE Tables 26 to 30. 
NEF Series 

Class 2B = 1.300 Class 2A pitch-diameter tolerance 

Class 2 = 0.002 4/D + 0.00133L. + 0.010 +/p 

Class 3 = 70% Class 2 pitch-diameter tolerance 

Values in SAE Tables 18 to 20 for Classes 2B, 2, and 3 

are based on a length of engagement (Z.) of 9 threads. 
8N Series 
Class 2B = 1.300 Class 2A pitch-diameter tolerance 
Class 2 = 0.002 4/D + 0.00133L. + 0.010 +/p 
Class 3 = 70% of Class 2 pitch-diameter tolerance 

Values in SAE Tables 18 to 20 are based on a length of 
engagement (Z.) equal to the nominal diameter for Class 
2B and for Classes 2 and 3 up to and including 3 in. 
diameter; for larger diameters of Classes 2 and 3 they are 
based on a length of engagement of 3 in. 

These values, based on 9p length of engagement, are 
suitable for shorter lengths of engagement. For greater 
lengths of engagement, use values obtained from SAE 
Tables 27, 29, and 30. 


12N Series 
Class 2B = 1.3800 Class 2A pitch-diameter tolerances 
Class2 = 0.0024/D + 0.00133L. + 0.010+/p 
Class 3 = 70% of Class 2 pitch-diameter tolerance 
Values in SAE Tables 18 to 20 for Classes 2B, 2, and 3 
are based on a length of engagement (Z.) equal to 9 
threads except for those sizes which are in the UNC or 
UNF thread series. These values are suitable for lengths 
of engagement of from 5p to 15p. For greater lengths of 
engagement use values obtained from SAE Tables 27, 
29, and 30. 
16N Series 
Class 2B = 1.300 Class 2A pitch-diameter tolerance 
_ Class 2 
34 in. size = 34 in.—16 UNF pitch-diameter tolerance 
Over 34 in. = 0.0024/D + 0.00133L. + 0.010-+/p 
Class 3 = 70% of Class 2 pitch-diameter tolerance 
Values in SAE Table 18 to 20 for Classes 2B, 2, and 3 
are based on a length of engagement (L.) equal to the 
nominal diameter for the 34 in. size and a length of en- 
gagement of 9 threads for larger sizes. These values are 
suitable for lengths of engagement of from 5p to 15p. For 
greater lengths of engagement, use values obtained from 
SAE Tables 27, 29, and 30. 


Minor-Diameter Tolerance 


Classes 1B, 2B, and 3B, all thread series = 0.05-/p? + 0.03 
p/D — 0.002 in., within the following limitations: 

Tolerance shall not be greater than 0.394p. (This corre- 
sponds to 53% of the basic thread height and applies in the 
range of the smallest numbered sizes of the UNC, UNF, 
NC, and NF thread series.) 

Tolerance shall not be less than: 

For 80 to 18 threads per inch, inclusive, 0.23p — 1.5p* 
(This corresponds to a thread height of 67% for 80 threads 
per inch, graduating to 74% for 13 threads per inch.) 

For 12 threads per inch and coarser, 0.120p. (This corre- 
sponds to a thread height of 74% and is the tolerance for 
all sizes 12 threads and coarser and 1 in. and larger.) See 
SAE Tables 12 to 20. 

NC Number Sizes 
Classes 2 and 3 = [1.08253 — 1.299 (¥/ D— 2p + 0.160)]z 
NF Number Sizes 
Classes 2 and 3 = [1.08253 — 1.299 (¥/D — 2p + 0.180) ]p 
NC Fractional Sizes 
Classes 2 and 3 
No. 12 to 1 in., inclusive, No formulas (see SAE Tables 
15 and 16) 
Over 1 in. = (1.08253 — 0.97428)p 
NF Fractional Sizes 
Classes 2 and 3 
YY in. to 1 in., inclusive, No formulas (see SAE Tables 
15 and 16) 
Over 1 in. = (1.08253 — 0.97428)p 
NEF Series 
Classes 2 and 3, No formulas (see SAE Tables 19 and 20) 
8N Series 
Classes 2 and 3 = 1 in—S8NC minor-diameter tolerance 
(see SAE Tables 19 and 20) 
12N Series 
Classes 2 and 3 
¥ in. and 9/16 in. sizes = 9/16 in—12 NC minor-diam- 
eter tolerance (see SAE Tables 19 and 20) 
Over 9/16 in. = (1.08253 — 0.97428)p 
16N Series 
Classes 2 and 3 = 34 in——16 NF minor-diameter tolerance 
(see SAE Tables 19 and 20) 
In the above formulas, 
1.299p = double depth of American National Thread 
1.08253p = 8344% of double depth 
D = major diameter 
2p = 2 pitches or threads 
(see SAE Tables 12 to 20) 


Appendix D—Formulas for Special Threads, Limits of Size 


Classes 1A, 2A, 3A, 1B, 2B, 3B, 2, and 3 
External Thread 


Where D = basic major (nominal) diameter 


kh, = thread height (see SAE Table 1) 
EH = basic pitch diameter (D — hs) 
K, = minor diameter (D — 2h,) 

p = pitch (in inches) 


Maximum Major Diameter 


Classes 1A and 2A = Basic major diameter (D), minus allow- 
ance (see SAE Table 22 or formula for allowance, Appen- 
dix E) 

Classes 3A, 2, and 3 = Basic major diameter (D) 


(Continued on next page.) 
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Minimum Major Diameter 


Class 1A = Maximum, minus 0.090 \/p? (see SAE Table 21) 

Classes 2A and 3A = Maximum, minus 0.060 \/p? (see SAE 
Table 21) 

Classes 2 and 3 = Maximum, minus two times Class 2 pitch- 
diameter tolerance NC and NF series (see SAE Table 21), 
or minus the special-thread pitch-diameter tolerance for 
class of thread specified (see formulas, Appendix E), which- 
ever gives the smaller limiting value. 


Mazimum Pitch Diameter 


Classes 1A and 2A = Basic pitch diameter (#), minus allow- 
ance (see SAE Table 22) 
Classes 3A, 2, and 3 = Basic pitch diameter (£) 


Minimum Pitch Diameter 


All Classes = Maximum, minus pitch-diameter tolerance for 
respective class of thread (see formulas, Appendix E) 


Maximum Minor Diameter 


Classes 1A and 2A 
To intersection of rounded root with its centerline (see Fig. 1) 
= Basic minor diameter (K,), minus allowance (see SAE 
Table 22) 
To intersection of rounded root with flanks of threads 
= Minor diameter (K;), minus allowance, (see SAE 
Tables 1 and 22) plus H/6 
Classes 3A, 2, and 3 
To intersection of rounded root with its centerline (see 
Fig. 1) 
= Minor diameter (K,) 
To intersection of rounded root with flanks of threads 
= Minor diameter (K.), plus H/6 


Minimum Minor Diameter 


In dimensioning external threads the minimum minor diam- 
eter is not specified, being established by the crest of an un- 
worn tool. In practice, the minor diameter of an external 
thread is satisfactory when accepted by a gage or gaging 
method that represents the maximum metal condition of the 
internal thread. 


Internal Thread 


Where D = basic major (nominal) diameter 
h, = thread height (see SAE Table 1) 

= basic pitch diameter (D — hy) 

minor diameter (D — 2h,) 

pitch (in inches) 


Giehs 
Il 


Maximum Major Diameter 


In dimensioning internal threads the maximum major 
diameter is not specified, being established by the crest of an 
unworn tool. In practice, the major diameter of an internal 
thread is satisfactory when accepted by a gage or gaging 
method that represents the maximum metal condition of the 
external thread which has no allowance. 


Minimum Major Diameter 


= Basic major diameter (D) 


Minimum Pitch Diameter 
= Basic pitch diameter (£) 


Maximum Pitch Diameter 


= Minimum, plus pitch-diameter tolerance for class of thread 
specified (see formulas, Appendix E) 


Minimum Minor Diameter 
= Minor diameter (K,) 


Maximum Minor Diameter 


= Minimum, plus minor-diameter tolerance from SAE Table 
31 or 82, or plus the pitch-diameter tolerance (see formulas, 
Appendix E), whichever gives the larger value. 


Limitations of Design 


Some combinations. of diameter, pitch, and length of engage- 
ment are impractical from a production or assembly standpoint. 

In production, it is considered impractical to tap a thread 
unless its diameter is greater than six times the thread height; 
therefore, when the ratio of D to 34 H is less than 6, the use of a 
larger diameter, a finer pitch of thread, or both, should be con- 
sidered. 

In assembly and use, the combined tolerances and allowances 
on both mating parts should not allow threads to disengage on 
one side when assembly is eccentric. The minimum amount of 
overlap is arbitrary and controversial but the following general 
rule can be used in lieu of more specific data: 

As the first step to assure the minimum safe overlap on both 
sides when the assembly is concentric, the difference between the 
minimum major diameter of the external thread and the maxi- 
mum minor diameter of the internal thread should not be less 
than twice the addendum of the external thread (34 H, SAE 
Table 1). (Otherwise stated, the sum of the major-diameter toler- 
ance and allowance, if any, of the external thread and the minor- 
diameter tolerance of the internal thread should not be greater 
than 4/3 the addendum of the external thread, H/2, SAE Table 
1.) This provides for a minimum of 50% thread engagement. 
As the second step to assure the minimum safe overlap on one 
side when the assembly is eccentric, the difference between the 
maximum pitch diameter of the internal thread and the mini- 
mum pitch diameter of the external thread should not be greater 
than twice the addendum of the external thread (34 H, SAE 
Table 1). (Otherwise stated, the sum of the pitch-diameter toler- 
ances of both threads and the allowance, if any, should not be 
greater than twice the addendum of the external thread, 34 H, 
SAE Table 1.) This provides for an eccentric assembly condition 
equal to the addendum of external thread (34 H, SAE Table 1) 
and zero minimum overlap on one side. If the results from the 
limiting dimensions selected violate the above rules, the toler- 
ances should be reduced by using a closer class of tolerance, 
assuming tolerances consistent with manufacturing possibility, 
or a coarser pitch should be used to increase the amount of over- 
lap. The major-diameter tolerance of the external thread or 
minor-diameter tolerance of the internal thread should not be 
less than the pitch-diameter tolerance of the respective thread 
to maintain thread form. 


(Continued on next page.) 
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Appendix E—Formulas for Special Threads, Allowances and Tolerances 


Classes 1A, 2A, 3A, 1B, 2B, 3B, 2, and 3 
External Thread 


Where D = basic major (nominal) diameter 
h, = thread height (see SAE Table 1) 
L. = length of engagement (in inches) 
p = pitch (in inches) 


Allowance 


Classes 1A and 2A = 0.300 Class 2A pitch-diameter tolerance 
Classes 3A, 2, and 3 = No allowance 


Major-Diameter Tolerance 


Class 1A = 0.090 +//p? (see SAE Table 21) 

Classes 2A and 3A = 0.060 \/p2 (see SAE Table 21) 

Classes 2.and 3 = Two times Class 2 pitch-diameter tolerance 
NC and NF series (see SAE Table 15), or the special- 
thread pitch-diameter tolerance (see formulas immediately 
following) for class of thread specified, whichever is the larger 
value. 


Pitch-Diameter Tolerance 


Class 1A = .1.500 Class 2A pitch-diameter tolerance 
wOlass 2A = 0.0015 \/D + 0.0015 ~/L. + 0.015\/p» 

Class 3A = 0.750 Class 2A pitch-diameter tolerance 
Class 2 = 0.002 +/D + 0.00133L, + 0.010 ~/p 

Class 3 = 70% of Class 2 pitch-diameter tolerance 


Minor-Diameter Tolerance 


Classes 1A, 2A, 3A, 2, and 3 
To intersection of rounded root with its centerline 
= Pitch-diameter tolerance for class of thread specified, 
plus H/12 
To intersection of rounded root with flanks of threads 
= Pitch-diameter tolerance for class of thread specified, 
plus H/4 (see SAE Table 1) 


10 See Tables 33 and 34 (Appendix F) for values of these terms corresponding to 
given values of diameter, length of engagement, and pitch. 

See Table 34 (Appendix F) for values of these terms corresponding to given 
values of diameter, length of engagement, and pitch. 


The tolerance for minor diameter is for reference only. 
In dimensioning external threads the minimum minor dia- 
meter is not specified, being established by the crest of an 
unworn tool. In practice, the minor diameter of an external 
thread is satisfactory when accepted by a gage or gaging 
method that represents the maximum metal condition of 
the internal thread. 


Internal Thread 


Where D = basic major (nominal) diameter 
h, = thread height (see SAE Table 1) 
L. = length of engagement (in inches) 
p = pitch (in inches) 


Major-Diameter Tolerance 


Classes 1B, 2B, 3B, 2, and 3 = H/6 (see SAE Table 1) 

The tolerance for major diameter is for reference only. 
In dimensioning internal threads the maximum major dia- 
meter is not specified, being established by the crest of an 
unworn tool. In practice, the major diameter of an internal 
thread is satisfactory when accepted by a gage or gaging 
method that represents the maximum metal condition of an 
external thread which has no allowance. 


Pitch-Diameter Tolerance 


Class 1B = 1.950 Class 2A pitch-diameter tolerance (1.5 
Class 2B) 
Class 2B = 1.300 Class 2A pitch-diameter tolerance 
Class 8B = 0.975 Class 2A pitch-diameter tolerance (0.750 
Class 2B) 
uClass 2 = 0.002 +/D + 0.00133L. + 0.010 +/p 
Class 3 = 70% of Class 2 pitch-diameter tolerance 


Minor-Diameter Tolerance 


Classes 1B, 2B, and 3B = Tolerances derived from formulas 
for minor-diameter tolerance of standard internal threads 
“(see Appendix C and SAE Table 31), or the pitch-diameter 
tolerance, whichever is the greater value. 

Classes 2 and 8 = Tolerances derived from formulas for 
minor-diameter tolerance of standard internal threads (see 
Appendix C), or taken from SAE Table 32, or the pitch- 
diameter tolerance, whichever is the greatest value. 
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| 

i | TABLE 34—Class 2,2 Increments in Pitch-Diameter Tolerance? 


DIAMETER LENGTH OF ENGAGEMENT PITCH 
D 0.002VD | D | o0nV/D |. DP | 0.002VD | Le | 0.00133Le} Le | 0.00133Ze| Le | 0.00133Z¢| Le | o.oo1ssz.| Dares | o.o10V > 
a 0.0600 | 0.000490)1.1875) 0.002179) 3.1250) 0.003536)0.0600/0 .000080/0 . 3281/0 .000436]1 .7500|0 002328) 5.0000,0.006650; 80 0.001118 
0.0625 | 0.000500)1.2500|) 0.002236) 3.2500) 0.003606/0 .0625)0 .000083/0. 3438/0 .000457|1 .8750)0.002494| 5.1250/0.006816} 72 0.001179 
{ 0.0730 | 0.000540/1.3125) 0.002291) 3.3750] 0.003674|0 .0730/0.000097/0 . 3594|0 .000478)2 0000/0 .002660} 5.2500|0.006982| 64 0.001250 
| 0.0860 | 0.000587|1.3750) 0.002345) 3.5000} 0.003742|0.0781)\0.000104/0.3750)0.000499)2. 1250/0 .002826| 5.3750/0.007149} 56 0.001336 
| 0.0990 | 0.000629]1.4375| 0.002398] 3.6250) 0.003808/0.0860)0.000114/0. 3906/0 .000519|2 .2500)0.002992) 5.5000)0.007315} 48 0.001443 
d 0.1120 | 0.000669}1.5000) 0.002449) 3.7500) 0.003873)0.0938)/0.000125/0 . 4063/0 .000540/2 .3750|0.003159| 5.6250/0.007481; 44 0.001508 
Hl 0.1250 | 0.000707|1.5625) 0.002500) 3.8750] 0.003937|0.0990)0 .000132/0. 4219/0 .000561|2. 5000|0.008325) 5.7500|0.007648} 40 0.001581 
Pi 0.1380 | 0.000743|1.6250) 0.002550) 4.0000} 0.004000|0. 1094/0 .000146)\0. 4375)0 .000582/2 6250/0 .003491| 5.8750/0.007814| 36 0.001667 
| 0.1640 | 0.000810/1.6875) 0.002598) 4.2500] 0.004123)0.1120/0.000149)\0 . 5000/0 .000665)2..7500|0 .003658} 6.0000/0.007980} 32 0.001768 
) 0.1900 0.000872/1 .7500| 0.002646) 4.5000} 0.004243)0. 1250/0 .000166)/0 . 5625)0.000748)2 .8750/0.003824| 6.5000/0.008645| 28 0.001890 
0.2160 | 0.000930/1.8125) 0.002693} 4.7500} 0.004359)0. 1380/0 .000184)0. 6250/0 .000831/3 .0000|0 .003990} 7.0000/0.009310| 24 0.002041 
| 0.2500 | 0.001000)1 . 1250/0 .004156} 7.5000/0.009975) 20 0.002236 
0.3125 | 0.001118)1.9375) 0.002784) 5.2500} 0.004583/0. 1563/0 .000208)0. 7500/0 .000998/3 . 2500)0 004322) 8.0000/0.010640| 18 0.002357 


0.3750 | 0.001225)2.0000} 0.002828} 5.5000) 0.004690 
0.4875 | 0.001323|/2.0625} 0.002872| 5.7500) 0.004796/0. 1719/0 .000229|0.8750/0.001164/3 . 5000|0.004655} 9.0000)0.011970} 14 0.002673 
0.5000 | 0.001414|2.1250) 0.002915) 6.0000} 0.004899)0. 1875/0 .000249/0 . 9375/0 .001247|3 .6250|0.004821) 9.5000/0.012635} 13 0.002774 
0.5625 | 0.001500)2.1875) 0.002958) 7.0000} 0.005292)0. 1900/0 .000253/1 . 0000/0 .001330)3 .7500)0 .004988}10 .0000|0.013300; 12 0.002887 
0.6250 | 0.001581)2.2500} 0.003000} 8.0000} 0.005657|0.2031)}0 .000270 .8750)0 .005154/10.5000/0.013965) 11 0.003015 
.0000)0.005320/11 .0000|0.014630} 10 0.003162 
.1250)0 .005486]11 .5000/0.015295 9 0.003333 
. 2500)0 .005652)12 .0000)0.015960 
.3750)/0.005819)  — a: 
-5000)0 005985) — = 
.6250/0.006151, —— = 
.7500)0.006318} = — =] 
.8750)0.006484 — = 


Oe eat Hea. 


0 
0 
0 
0 
.8750} 0.002739] 5.0000} 0.004472/0. 1406)0 .000187|0.6875/0.000914 
0 
0 
0 
0 
0 


.0625)0 .001413 
0.6875 | 0.001658)2.3125} 0.003041} 9.0000} 0.006000\0 . 2160)0 .000287/1 . 1250}0 .001496 


0.7500 | 0.001732|2.3750) 0.003082}10.0000) 0.006325/0.2188]/0.000291)1 . 1875|0 .001579 


0.8125 | 0.001803|2.4375| 0.003122|12.0000| 0.006928)0 . 23440 .000312/1 . 2500/0 001662 


1 

1 

1 

1 0.003536 

0.8750 | 0.001871/2.5000} 0.003162|14.0000| 0.007483|0 . 2500/0 .000332/1 .3125/0.001746 

1 

1 

1 

1 


0.003780 
0.004082 
0.004472 
0.004714 
0.005000 


0.9375 | 0.001936/2.6250) 0.003240)16.0000) 0.008000)0 . 2656/0 .000353)1.3750)/0 .001829 
1.0000 | 0.002000/2.7500| 0.003317|18.0000) 0.008485)0. 2813)0.000374|1 . 4375/0 .001912 
1.0625 | 0.002062|2.8750} 0.003391|20.0000| 0.008944/0 . 2969/0 .000395|1 . 5000/0 .001995 
1.1250 | 0.002121/3.0000) 0.003464/24 0000} 0.009798/0.3125)0 .000416/1 .6250/0.002161 


DN 


1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
. 1640)0 .000218/0. 8125)0 .001081)3 .3750)0 .004489) 8.5000)0.011305) 16 0.002500 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 


He Or > I 00 


® Class 3 tolerances are 70% of Class 2 tolerances. 


. b Pitch-diameter tolerance = 0.002 ~/D + 0.00133Le + 0.010 Vp. 

| Appendix G 

| TABLE 35—Class 1 (Only), Values for Obtaining Thread Dimensions of Special Screw Threads 

| EXTERNAL THREAD SIZES® INTERNAL THREAD SIZES” 

PER INCH Sieh temmcter Maximum pitch Maximum minor A ee Minimum pitch Minimum major 
5 diameter diameter® 7 diameter diameter 

q Maximum Tolerance Minimum Tolerance 

{ 64 0.0007 0.0052 0.0108 0.0199 0.0169 0.0017 0.0101 0.0000 

\ 56 0.0008 0.0056 0.0124 0.0227 0.0193 0.0019 0.0116 0.0000 

| 48 0.0009 0.0062 0.0144 0.0265 0.0226 0.0023 0.0135 0.0000 

| 40 0.0010 0.0068 0.0172 0.0317 0.0271 0.0027 0.0162 0.0000 

| | 36 0.0011 0.0072 0.0191 0.0352 0.0301 0.0030 ' 0.0180 0.0000 

| 32 0.0011 0.0076 0.0214 0.0394 0.0338 0.0034 0.0203 0.0000 

| 28 0.0012 0.0086 E 0.0244 0.0450 0.0387 0.0039 0.0232 0.0000 

| 24 0.0013 0.0092 é 0.0284 0.0524 0.0451 0.0045 0.0271 0.0000 

1) 20 0.0015 0.0102 0.0340 0.0628 0.0541 0.0054 0.0825 | 0.0000 
18 0.0016 0.0114 0.0377 0.0698 0.0601 0.0060 0.0361 0.0000 
16 0.0018 0.0126 0.0424 0.0785 0.0677 0.0068 0.0406 0.0000 
14 0.0021 0.0140 0.0485 0.0897 0.0773 0.0077 0.0464 0.0000 
12 0.0024 0.0158 0.0565 0.1046 0.0902 0.0090 0.0541 0.0000 
10 0.0028 0.0184 0.0678 0.1255 0.1083 0.0108 0.0650 0.0000 
8 0.0034 0.0222 0.0846 0.1568 0.1353 0.0135 0.0812 0.0000 
6 0.0044 0.0290 0.1127 0.2089 0.1804 0.0180 0.1083 0.0000 
4 0.0064 0.0408 0.1688 0.3131 0.2706 0.0270 0.1624 0.0000 


® To obtain maximum dimensions for major, pitch, and minor diameters, subtract the values in the ‘‘Maximum” columns trom the basic major diameter. Apply tolerances 
minus. See Table 36 for pitch-diameter tolerances. ‘ Z ca ‘ 
To obtain minimum dimensions for minor, pitch, and major diameters, subtract the values in the ‘“Minimum” columns from the basic major diameter. Apply tolerances 
plus. See Table 36 for pitch-diameter tolerances. ; F ; 
© Dimensions given for the maximum minor diameter of the external thread are figured to the intersection of the worn tool arc with a center line through crest and root. The 
minimum minor diameter of the external thread shall be that corresponding to a flat at the minor diameter of the minimum external thread equal to ¥% X p, and may be de- 
termined by subtracting the basic thread depth, hy (or 0.6495p), from the minimum pitch diameter of the external thread. 
Dimensions for the minimum major diameter of the internal thread correspond to the basic flat (14 X p), and the profile at the major diameter produced by a worn tool 
must not fall below the basic outline. The maximum major diameter of the internal thread shall be that corresponding to a flat at the major diameter of the maximum internal 
thread equal to 124 X p, and may be determined by adding 136 X hp (or 0.7939p) to the maximum pitch diameter of the internal thread. 
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TABLE 36—Class 1 (Only), Pitch-Diame 


PITCH-DIAMETER TOLERANCES FOR DIAMETERS UP TO AND INCLUDING— 


To and 
From | includ- Vie 14 Heo 4 34 oo) %4 1 1% 2 
ing 
64 _ 4 | 0.0026 0.0026 0.0034 0.0038 0.0042 0.0044 0.0047 0.0050 0.0052 -- 
56 _— 4% | 0.0028 0.0028 0.0034 0.0038 0.0044 0.0046 0.0049 0.0052 0.0056 — 
% 1% 0.0052 0.0054 0.0055 0.0056 0.0056 0.0056 0.0056 0.0056 0.0056 _- 
48 _ 4% | 0.0031 0.0031 0.0034 0.0038 0.0046 0.0048 0.0051 0.0054 0.0058 0.0062 
|] 1%} 0.0054 0.0056 0.0057 0.0057 0.0057 0.0057 0.0057 0.0062 0.0062 0.0062 
40 — 4% | 0.0034 0.0084 | 0.0034 0.0038 0.0046 0.0051 0.0054 0.0057 0.0061 0.0065 
%| 1%] 0.0057 0.0057 0.0057 0.0057 0.0057 0.0057 0.0057 0.0068 0.0068 0.0068 
36 = yy —_— 0.0036 0.0036 0.0038 0.0046 0.0051 0.0056 0.0058 0.0063 0.0067 
4%| 1% — 0.0057 0.0057 0.0057 0.0057 0.0057 0.0057 | 0.0070 0.0072 0.0072 
39 = yy — 0.0038 0.00388 | 0.0038 0.0046 0.0051 0.0057 0.0060 0.0065 0.0069 
\ w| 1% — 0.0057 0.0057 0.0057 0.0057 0.0057 0.0057 0.0070 0.0076 0.0076 
98 — 4% ood — 0.0043 0.0043° | 0.0046 0.0051 0.0057 0.0063 0.0067 0.0071 
w| 1% = -- 0.0057 0.0057 0.0057 0.0057 0.0057 0.0070 0.0079 0.0086 
oA — mA _— _ 0.0046 0.0046 0.0046¢ | 0.0051 0.0057 0.0066 0.0070 0.0074 
w| 1% _— — 0.0057 0.0057 0.0057 | 0.0057 0.0057 0.0070 0.0079 0.0089 
— % a 0.0051 0.0051» | 0.0051 0.0051¢ | 0.0057 0.0070 0.0074 0.0078 
20 4| 1% o = 0.0057 0.0057 0.0057 0.0057 0.0057 0.0070 0.0079 0.0093 
( 1% 3 — _ 0.0098 0.0100 0.0102 0.0102 0.0102 0.0102 0.0102 0.0102 
_ 4% _ — - 0.0057 0.0057 0.0057 0.0057 0.0070 0.0077 0.0080 
18 4%| 1% — — _ 0.0057 0.0057 0.0057 0.0057 0.0070 0.0079 0.0095 
144] 3 _ — _— 0.0102 0.0104 0.0106 0.0109 0.0112 0.0114 0.0114 
— UA _— —- — 0.0063 0.0063 | 0.0063 0.0063 0.0070 0.0079 0.0083 
16 4} 1% _ _ — 0.0063 0.0063 0.0063 0.0063¢ | 0.0070 0.0079 0.0098 
1% — — a= 0.0105 0.0107 0.0109 0.0112 0.0115 0.0120 0.0123 
_ 4% — — — — 0.0070 0.0070 0.0070 0.0070 0.0079 0.0087 
14 4%| 1% _ _ — “= 0.0070 0.0070 0.0070 0.0070¢ | 0.0079 0.0102 
1% | 3 = a — 0.0111 0.0113 0.0116 0.0119 0.0123 0.0127 
— % — — — — 0.0075 0.0077 0.0079 0.0079 0.0079 0.0091 
12 | 1% _ — — -- 0.0079 0.0079 0.0079 0.0079 0.0079° | 0.0106 
14 | 3 _ — = —_ 0.0115 0.0117 0.0120 | 0.0123 0.0127 0.0131 
( -— 1 — — — = a 0.0087 0.0092» | 0.0098 0.0102 0.0106 
10 al 3 _ = — _ 0.0117 0.0120 0.0123 0.0128 0.0132 
| 3 6 _ — — — — 0.0167 0.0171 0.0173 0.0178 0.0181 
_ i — = _ — a 0.0095 0.0098 0.0111 | 0.0111 0.0111 
8 1 3 -- — — — -- 0.0125 0.0128 0.0131 0.0135 0.0139 - 
3 6 a — — — — 0.0175 0.0178 0.0181 0.0185 0.0189 
— 1 -- _ — _ _ 0.0109 0.0112 0.0116 0.0120 
6 i 3 — — -= — — — 0.0139 0.0142 0.0145 | 0.0150 
3 6 — _ -- — — 0.0189 0.0192 0.0196 0.0200 
-- 1 — — — — — a _ 0.0130 0.0134 0.01388 
4 1 3 -— — — — — _ _ 0.0160 0.0164 0.0168 
{3 6 —- — —_ — — — 0.0210 | 0.0215 | 0.0218 


* It is preferable to avoid the use of tolerances set in italics by choosing a closer fit, shorter length of engagement, coarser pitch, or smaller diameter. When the | 


th of en- 


gagement exceeds one diameter and the pitch-diameter tolerance exceeds 90% of the major-diameter tolerance, Table 35, column S, the major-diameter tolerance shall be 110% 
of the pitch-diameter tolerance. 
> Standard size of the coarse-thread series. 

© Standard size of the fine-thread series. 
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ter Tolerances* for Special Screw Threads 


PITCH-DIAMETER TOLERANCES FOR DIAMETER UP TO AND INCLUDINGC— 
: THREADS PER INCH 
3 4 6 8 10 12 14 16 18 20 24 
— = = = a = oan == = = = 64 
aly cm 23 ise 4 =) a a = e ss: 56 
ih a ra sey a si = pes = % i 48 
me is ae Bs oS a = bal} = = < 40 
0.0072 — — = et = aoe oh a =e ca 
0.0072 — os: ae ees pes ss Be LA M3 pa 36 
0.0075 —_— — = o3 = = = = ce ee 
0.0076 ‘2 = ee = = vos a re ag ins 32 
0.0077 0.0083 — — = = = a2 ats eae ae es 
0.0086 0.0086 — — =: = = at 7 S87 oar 
0.0080 0.0086 — — = = = =< = ah = A 
0.0092 0.0092 — —— —_ raee ee els oe < ie 
\ 0.0084 0.0090 0.0099 — — = == zoe aes = fee 
0.0099 0.0102 0.0102 — = = ee. as = rm, ete 20 
0.0102 0.0102 0.0102 —_— — — = = == poe! ae 


0.0087 0.0092 0.0101 0.0109 0.0114 = == = — — = 
0.0102 0.0107 0.0114 0.0114 0.0114 = = = = 4 == 18 
0.0114 0.0114 0.0114 0.0114 0.0114 = = Je == aaa —= 


0.0090 0.0095 0.0104 0.0112 0.0118 0.0124 = = = = = 
0.0105 0.0110 0.0119 0.0126 0.0126 0.0126 = = == = aa 16 
0.0126 0.0126 0.0126 0.0126 0.0126 0.0126 = a = ae = 


0.0093 0.0099 0.0108 0.0115 0.0122 0.0128 0.0133 0.0138 = = a 
0.0108 0.0114 0.0123 0.0130 0.0137 0.0140 0.0140 0.0140 = == = 14 
0.0133 0.0139 0.0140 0.0140 0.0140 0.0140 0.0140 0.0140 — == = 


0.0097 0.0103 0.0112 0.0119 0.0126 0.0132 0.0138 0.0143 0.0148 0.0152 == 
0.0112 0.0118 0.0127 0.0134 0.0141 0.0147 0.0153 0.0158 0.0168 0.0158 = 12 
| 0.0137 0.0143 0.0152 0-0158 0.0158 0.0158 0.0188 0.0158 0.0158 0.0158 a 


} 0.0112 0.0118 0.0127 0.0134 0.0141 0.0147 0.0153 0.0158 0.0158 0.0163 0.0171 
7 0.0138 0.0148 0.0152 0.0160 0.0166 0.0172 0.0178 0.0183 0.0184 0.0184 0.0184 10 
* 0.0184 0.0184 0.0184 0.0184 0.0184 0.0184 0.0184 0.0184 0.0184 0.0184 0.0184 


0.0115 0.0121 0.0130 0.0137 0.0144 0.0150 0.0156 0.0161 0.0166 0.0170 0.0179 
0.0145 0.0151° | 0.0160 0.0167 0.0174 0.0180 0.0186 0.0191 0.0196 0.0200 0.0209 8 
0.0195 0.0201 0.0210 0.0217 0.0222 0.0222 0.0222 0.0222 0.0222 0.0222 0.0222 


0.0126 0.0132 0.0141 0.0148 0.0155 0.0161 0.0166 0.0172 0.0176 0.0181 0.0190 
9.0156 0.0162 0.0171 0.0178 0.0185 0.0191 0.0196 0.0202 0.0206 0.0211 0.0220 6 
0.0206 0.0212 0.0221 0.0228 0.0235 0.0241 0.0246 0.0252 0.0256 0.0261 0.0270 


0.0145 0.0150 0.0159 0.0167 0.0173 0.0179 0.0185 0.0190 0.0195 0.0199 0.0208 
0.02045 | 0.0204 0.0204 0.0204 0.0204 0.0209 0.0215 0.0220 0.0225 0.0229 0.0238 4 
0.0225 0.0230 0.0239 0.0247 0.0253 0.0259 0.0265 0.0270 0.0275 0.0279 0.0288 
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Appendix H 
TABLE 37a—Classes 1B, 2B, and 3B Recommended Hole-Size Limits Before Threading for Different Lengths of Engagement— 
UNC, UNF, UNEF, UN, NC, NF, NEF, and N Series 
DESIGNATION MINOR-DIAMETER INTERNAL THREADS RECOMMENDED HOLE-SIZE LIMITS FOR DIFFERENT LENGTHS OF ENGAGEMENT 
é . ._ |To and including 44 D| Above 4 D to 34 D | Above 34 D to 14%D| Above 144 Dto3 D 
. Thread: AG P b Maxi- P. b 
Threed see | Tests |atininnm | Betcept bac | Manis | Te oot | eee 
0 (0.060) 80 0.0465 83.1 0.0514 52.9 0.0465 0.0500 | 0.0479 | 0.0514 | 0.0479 | 0.0514 | 0.0479 | 0.0514 
1 (0.073) 64 0.0561 83.3 0.0623 52.7 0.0561 | 0.0599 | 0.0585 | 0.0623 | 0.0585 | 0.0623 | 0.0585 | 0.0623 
1 (0.073) 72 0.0580 83.1 0.0635 52.7 0.0580 | 0.0613 | 0.0596 | 0.0629 | 0.0602 | 0.0635 | 0.0602 | 0.0635 
2 (0.086) 56 0.0667 83.2 0.0737 53.0 0.0667 | 0.0705 | 0.0686 | 0.0724 | 0.0699 | 0.0737 | 0.0699 | 0.0737 
2 (0.086) 64 0.0691 83.3 0.0753 52.7 0.0691 | 0.0724 | 0.0707 | 0.0740 | 0.0720 | 0.0753 | 0.0720 | 0.0753 
3 (0.099) 48 0.0764 83.5 0.0845 53.6 0.0764 | 0.0804 | 0.0785 | 0.0825 | 0.0805 | 0.0845 | 0.0806 | 0.0846 
3 (0.099) 56 0.0797 83.2 0.0865 53.9 0.0797 | 0.0831 | 0.0814 | 0.0848 | 0.0831 | 0.0865 | 0.0833 | 0.0867 
4 (0.112) 40 0.0849 83.4 0.0939 55.7 0.0849 | 0.0894 | 0.0871 | 0.0916 | 0.0894 | 0.0939 070902 | 0.0947 
4 (0.112) 48 0.0894 83.5 0.0968 56.2 0.0894 | 0.0931 | 0.0912 | 0.0949 | 0.0931 | 0.0968 | 0.0939 | 0.0976 
5 (0.125) 40 0.0979 83.4 0.1062 57.9 0.0979 | 0.1020 | 0.1000 | 0.1041 | 0.1021 | 0.1062 | 0.1086 | 0.1077 
5 (0.125) 44 0.1004 83.3 0.1079 57.9 0.1004 | 0.1041 | 0.1023 | 0.1060 | 0.1042 | 0.1079 | 0.1060 | 0.1097 
(0.138) 32 0.1042 83.3 0.1140 59.1 0.1042 | 0.1091 | 0.1066 | 0.1115 | 0.1091 | 0.1140 | 0.1115 | 0.1164 
6 (0.138) 40 0.1109 83.4 0.1186 59.7 0.1109 | 0.1148 | 0.1128 | 0.1167 | 0.1147 | 0.1186 | 0.1166 | 0.1205 
8 (0.164) 32 0.1302 83.3 0.1389 61.8 0.13802 | 0.1345 | 0.1324 | 0.1867 | 0.1346 | 0.1389 | 0.1367 | 0.1410 
8 (0.164) 36 0.1339 83.4 0.1416 62.1 0.1839 | 0.1397 | 0.13839 | 0.13897 | 0.1358 | 0.1416 | 0.1377 | 0.1435 
10 (0.190) 24 0.1449 83.3 0.1555 63.7 0.1449 | 0.1502 | 0.1475 | 0.1528 | 0.1502 | 0.1555 | 0.1528 | 0.1581 
10 (0.190) 32 0.1562 83.3 0.1641 63.8 0.1562 | 0.1601 | 0.1581 | 0.1621 | 0.1601 | 0.1641 | 0.1621 | 0.1661 
12 (0.216) 24 0.1709 83.3 0.1807 65.2 °0.1709 | 0.1758 | 0.1733 | 0.1782 | 0.1758 | 0.1807 | 0.1782 | 0.1831 
12 (0.216) 28 0.1773 83.4 0.1857 65.3 0.1773 | 0.1815 | 0.1794 | 0.1836 | 0.1815 | 0.1857 | 0.1836 | 0.1878 
12 (0.216) 32 0.1822 83.3 0.1895 65.3 0.1822 | 0.1858 | 0.1837 | 0.1877 | 0.1855 | 0.1895 | 0.1873 | 0.1913 
vA 20 0.1959 83.3 0.2067 66.7 0.1959 | 0.2013 | 0.1986 | 0.2040 | 0.2013 | 0.2067 | 0.2040 | 0.2094 
yy 28 0.2113 83.4 0.2190 66.8 0.2113 | 0.2152 | 0.2131 | 0.2171 | 0.2150 | 0.2190 | 0.2169 | 0.2209 
yy 32 0.2162 83.3 0.2229 66.8 0.2162 | 0.2196 | 0.2172 | 0.2212 | 0.2189 | 0.2229 | 0.2206 | 0.2246 
\y 36 0.2199 83.4 0.2258 67.1 0.2199 | 0.2243 | 0.2199 | 0.2243 | 0.2214 | 0.2258 | 0.2229 | 0.2273 
546 18 0.2524 83.3 0.2630 68.6 0.2524 | 0.12577 | 0.2551 | 0.2604 | 0.2577 | 0.2630 | 0.2604 | 0.2657 
He 24 0 2674 83.3 0.2754 68.5 0.2674 | 0.2714 | 0.2694 | 0.2734 | 0.2714 | 0.2754 | 0.2734 | 0.2774 
Ke 32 0.2787 83.3 0.2847 68.5 0.2787 | 0.2817 | 0.2792 | 0.2832 | 0.2807 | 0.2847 | 0.2822 | 0.2862 
46 36 0.2824 83.4 0.2877 68.7 0.2824 | 0.2863 | 0.2824 | 0.2863 | 0.2837 | 0.2877 | 0.2850 | 0.2890 
3% 16 0.3073 83.4 0.3182 70.0 0.3073 | 0.3127 | 0.3101 | 0.3155 | 0.3128 | 0.3182 | 0.3155 | 0.3209 
3g 24 0.3299 83.3 0.3372 69.8 0.3299 | 0.3336 | 0.3314 | 0.3354 | 0.3332 | 0.3372 | 0.3351 | 0.3391 
3% 32 0.3412 83.3 0.3469 69.2 0.3412 | 0.3441 | 0.3415 | 0.3455 | 0.3429 | 0.3469 | 0.3444 | 0.3484 
36 36 0.3449 83.4 0.3501 69.0 0.3449 | 0.3488 | 0.3449 | 0.3488 | 0.3461 | 0.3501 | 0.3474 | 0.3514 
* Based on Table 31. The differences between limits are equal to the minor-diameter tolerances given in Table 31 for lengths of engagement to and including 4D. However, 


the minimum values for lengths of engagement greater than }4D and for sizes }4 in. and larger are adjusted so that the difference between limits is never less than 0.0040 in, 
For, diameter-pitch combinations other than those given in this table, the tolerances given in Table 31 should be similarly applied to determine hole-size limits. 


Based on length of engagement, equal to the nominal diameter. 
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TABLE 37b—Classes 1B, 2B, and 8B," Recommended Hole-Size Limits Before Threading for Different Lengths of Engagement— 
UNEF, UN, NC, NF, NEF, and N Series 


UNC, UNF, 


DESIGNATION 


Thread size 


Yo 
iG 
iG 


4% 


RN NN NN 


Threads 


MINOR-DIAMETER INTERNAL THREADS 


RECOMMENDED HOLE-SIZE LIMITS FOR DIFFERENT LENGTHS OF ENGAGEMENT 


Per cent basic 


per inch | Minimum | ‘thread height 

14 0.3602 83.3 
20 0.3834 83.3 
28 0.3988 83.4 
13 0.4167 83.4 
12 0.4098 83.3 
20 0.4459 83.3 
28 0.4613 83.4 
12 0.4723 83.3 
18 0.5024 83.3 
24 0.5174 83.3 
28 0.5238 83.4 
11 0.5266 83.3 
12 0.5348 83.3 
18 0.5649 83.3 
24 0.5799 83.3 
28 0.5863 83.4 
12 0.5973 83.3 
24 0.6424 83.3 
10 0.6417 83.4 
12 0.6598 83.3 
16 0.6823 83.4 
20 0.6959 83.3 
28 0.7113 83.4 
12 0.7223 83.3 
16 0.7448 83.4 
20 0.7584 83.3 

9 0.7547 83.3 
12 0.7848 83.3 
14 0.7977 83.3 
16 0.8073 83.4 
20 0.8209 83.3 
28 0.8363 83.4 


Maxi- 
mum> 


0.3717 
0.3916 
0.4051 


0.4284 
0.4223 
0.4537 
0.4676 


0.4843 
0.5106 
0.5244 
0.5301 


0.5391 
0.5463 
0.5730 
0.5869 
0.5926 


0.6085 
0.6494 


0.6545 
0.6707 
0.6908 
0.7037 
0.7176 


0.7829 
0.7533 
0.7662 


0.7681 
0.7952 
0.8068 
0.8158 
0.8287 
0.8426 


Per cent basic 
thread height 


70.9 
70.7 
70.0 


CT 
71.8 
71.3 
70.0 


72.2 
71.9 
70.4 
69.8 


72.7 
72.7 
72.1 
70.4 
69.8 


74.1 
73.7 
73.5 
72.9 
71.3 
69.8 


To and including 4% D 


Above 4 D to %D 


Above 34 D to 146 D 


Above 144 D to3 D 


Min 


0.3602 
0.3834 
0.3988 


0.4167 
0.4098 
0.4459 
0.4613 


0.4723 
0.5024 
0.5174 
0.5238 


0.5266 
0.5348 
0.5649 
0.5799 
0.5863 


0.5973 
0.6424 


0.6417 
0.6598 
0.6823 
0.6959 
0.7113 


0.7223 
0.7448 
0.7584 


0.7547 
0.7848 
0.7977 
0.8073 
0.8209 
0.8363 


Max 


0.3660 
0.3875 
0.4020 


0.4225 
0.4161 
0.4498 
0.4645 


0.4783 
0.5065 
0.5209 
0.5270 


0.5328 
0.5406 
0.5690 
0.5834 
0.5895 


0.6029 
0.6459 


0.6481 
0.6652 
0.6866 
0.6998 
0.7145 


0.7276 
0.7491 
0.7623 


0.7614 
0.7900 
0.8022 
0.8116 
0.8248 
0.8395 


Min Max 


Min Max 


Min Max 


0.3630 | 0.3688 
0.3855 | 0.3896 
0.3995 | 0.4035 


0.4196 | 0.4254 
0.4129 | 0.4192 
0.4477 | 0.4517 
0.4620 | 0.4660 


0.4753 | 0.4813 


| 0.5045 | 0.5086 


0.5186 | 0.5226 
0.5245 | 0.5285 


0.5298 | 0.5360 
0.5377 | 0.5435 
0.5670 | 0.5711 
0.5811 | 0.5851 
0.5870 | 0.5910 


0.6001 | 0.6057 
0.6436 | 0.6476 


0.6449 | 0.6513 
0.6626 | 0.6680 
0.6844 | 0.6887 
0.6977 | 0.7017 
0.7120 | 0.7160 


0.7250 | 0.7303 
0.7469 | 0.7512 
0.7602 | 0.7642 


0.7580 | 0.7647 
0.7874 | 0.7926 
0.8000 | 0.8045 
0.8094 | 0.8137 
0.8227 | 0.8267 
0.8370 | 0.8410 


0.3659 | 0.3717 
0.3875 | 0.3916 
0.4011 | 0.4051 


0.4226 | 0.4284 
0.4160 | 0.4223 
0.4497 | 0.4537 
0.4636 | 0.4676 


0.4783 | 0.4843 
0.5065 | 0.5106 
0.5204 | 0.5244 
0.5261 | 0.5301 


0.5329 | 0.5391 
0.5405 | 0.5463 
0.5690 | 0.5730 
0.5829 | 0.5869 
0.5886 | 0.5926 


0.6029 | 0.6085 
0.6454 | 0.6494 


0.6481 | 0.6545 
0.6653 | 0.6707 
0.6865 | 0.6908 
0.6997 | 0.7037 
0.7136 | 0.7176 


0.7276 | 0.7329 
0.7490 | 0.7533 
0.7622 | 0.7662 


0.7614 | 0.7681 
0.7900 | 0.7952 
0.8023 | 0.8068 
0.8115 | 0.8158 
0.8247 | 0.8287 
0.8386 | 0.8426 


0.3688 | 0.3746 
0.3896 | 0.3937 
0.4017 | 0.4067 


0.4255 | 0.4313 
0.4192 | 0.4255 
0.4516 | 0.4556 
0.4652 | 0.4692 


0.4813 | 0.4873 
0.5086 | 0.5127 
0.5221 | 0.5261 
0.5277 | 0.5317 


0.5360 | 0.5422 
0.5434 | 0.5492 
0.5711 | 0.5752 
0.5846 | 0.5886 
0.5902 | 0.5942 


0.6057 | 0.6113 
0.6471 | 0.6511 


0.6513 | 0.6577 
0.6680 | 0.6734 
0.6886 | 0.6929 
0.7016 | 0.7056 
0.7152 | 0.7192 


0.7303 | 0.7356 
0.7511 | 0.7554 
0.7641 | 0.7681 


0.7647 | 0.7714 
0.7926 | 0.7978 
0.8045 | 0.8090 
0.8136 | 0.8179 
0.8266 | 0.8306 
0.8402 | 0.8442 


* Based on Table 31. The differences between limits are equal to the minor- -diameter tolerances given in Table 31 for lengths of engagement to and including YD. However, 
the minimum values for lengths of engagement greater than 48D and for sizes }4 in. and larger are adjusted so that the difference between limits is never less than 0.0040 in. 
For diameter-pitch combinations other than those given in this table, the tolerances given in Table 31 should be similarly applied to determine hole-size limits. 

Based on length of engagement equal to the nominal diameter. 
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TABLE 37c—Classes 1B, 2B, and 8B * Recommended Hole-Size Limits Before Threading for Different Lengths of Engagement— 
UNC, UNF, UNEF, UN, NC, NF, NEF, and N Series 
DESIGNATION MINOR-DIAMETER INTERNAL THREADS RECOMMENDED HOLE-SIZE LIMITS FOR DIFFERENT LENGTHS OF ENGAGEMENT 
3 H . |To and including 44 D| Above % D to 34 D | Above 34 D to14 D | Above 144 D to3 D 
: nee S Maxi- P b 
toe char Minimum | fffead height | mum? | thread eight Min Max Min Max Min Max Min Max 

16 12 0.8473 83.3 0.8575 73.9 0.8473 | 0.8524 | 0.8499 | 0.8550 | 0.8524 | 0.8575 | 0.8550 | 0.8601 
1546 16 0.8698 83.4 0.8783 72.9 0.8698 | 0.8741 | 0.8719 | 0.8762 | 0.8740 | 0.8783 | 0.8761 | 0.8804 
15/6 20 0.8834 83.3 0.8912 71.3 0.8834 | 0.8873 | 0.8852 | 0.8892 | 0.8872 | 0.8912 | 0.8891 | 0.8931 
1 8 0.8647 83.3 0.8797 74.1 0.8647 | 0.8722 | 0.8684 | 0.8759 | 0.8722 | 0.8797 | 0.8760 | 0.8835 
1 12 0.9098 83.3 0.9198 74.1 0.9098 | 0.9148 | 0.9123 | 0.9173 | 0.9148 | 0.9198 | 0.9173 | 0.9223 
1 14 0.9227 83.3 0.9315 73.8 0.9227 | 0.9271 | 0.9249 | 0.9293 | 0.9271 | 0.9315 | 0.9293 | 0.9337 
1 16 0.9323 83.4 0.9408 72.9 0.9323 | 0.9366 | 0.9344 | 0.9387 | 0.9865 | 0.9408 | 0.9386 | 0.9429 
1 20 0.9459 83.3 0.9537 51 383 0.9459 | 0.9498 | 0.9477 | 0.9517 | 0.9497 | 0.95387 | 0.9516 | 0.9556 
il 28 0.9613 83.4 0.9676. 69.8 0.9613 | 0.9645 | 0.9620 | 0.9660 | 0.9636 | 0.9676 | 0.9652 | 0.9692 
16 12 0.9723 83.3 0.9823 74.1 0.9723 | 0.9773 |'0.9748 | 0.9798 0.9773 0.9823 | 0.9798 | 0.9848 
Me 16 0.9948 83.4 1.0033 72.9 0.9948 | 0.9991 | 0.9969 | 1.0012 0.9990 | 1.0033 | 1.0011 | 1.0054 
Ke 18 1.0024 83.3 1.0105 424: 1.0024 | 1.0065 | 1.0044 | 1.0085 | 1.0064 | 1.0105 | 1.0085 | 1.0126 
1K vf 0.9704 83.3 0.9875 74.1 0.9704 | 0.9790 | 0.9747 | 0.9883 | 0.9789 | 0.9875 | 0.9832 | 0.9918 
1% 8 0.9897 83.3 1.0047 74.1 0.9897 | 0.9972 | 0.9934 | 1.0009 | 0.9972 | 1.0047 | 1.0010 | 1.0085 
1% 12 1.0348 83.3 1.0448 (oil 1.0348 | 1.0398 | 1.0373 | 1.0423 | 1.0398 | 1.0448 | 1.0423 | 1.0473 
1K 16 1.0573 83.4 1.0658 72.9 1.0573 | 1.0616 | 1.0594 | 1.0637 | 1.0615 | 1.0658 | 1.0636 | 1.0679 
1% 18 1.0649 83.3 1.0730 2 1.0649 | 1.0690 | 1.0669 | 1.0710 | 1.0689 | 1.0730 | 1.0710 | 1.0751 
1% 20 1.0709 83.3 1.0787 Mes) 1.0709 |.1.0748 | 1.0727 | 1.0767 | 1.0747 | 1.0787 | 1.0766 | 1.0806 
1K 28 1.0863 83.4 1.0926 69.8 1.0863 | 1.0895 | 1.0870 | 1.0910 | 1.0886 | 1.0926 | 1.0902 | 1.0942 
16 12 1.0973 83.3 1.1073 74.1 1.0973 | 1.1023 | 1.0998 | 1.1048 | 1.1023 | 1.1073 | 1.1048 | 1.1098 
1346 16 1.1198 83.4 1.12838 72.9 1.1198 | 1.1241 | 1.1219 | 1.1262 | 1.1240 | 1.1283 | 1.1261 | 1.1304 
13%6 18 1.1274 83.3 te i3oD 72.1. 1.1274 | 1.1315 171.1294 | 1.1835.) 1.1814" 1. 1355") 113885 one 
1% ff 1.0954 83.3 P1925 74.1 1.0954 | 1.1040 | 1.0997 | 1.1083 | 1.1089 | 1.1125 | 1.1082 | 1.1168 
1% 8 1.1147 83.3 1.1297 74.1 1.1147 | 1.1222 | 1.1184 | 1.1259 | 1.1222 | 1.1297 | 1.1260 ()ietese 
1% 12 1.1598 83.3 1.1698 74.1 1.1598 | 1.1648 | 1.1623 | 1.1673 | 1.1648 | 1.1698 | 1.1673 | 1.1723 
1% 16 1.1823 83.4 1.1908 72.9 1.1823 | 1.1866 | 1.1844 | 1.1887 | 1.1865 | 1.1908 | 1.1886 | 1.1929 
1% 18 1.1899 83.3 1.1980 72.1 1.1899 | 1.1940 | 1.1919 | 1.1960 | 1.19389 | 1.1980 | 1.1960 | 1.2001 
1% 20 1.1959 83.3 1.2037 71:3 1.1959 | 1.1998 | 1.1977 | 1.2017 | 1.1997 | 1.2087 | 1.2016 | 1.2056 
146 12 2228 83.3 1.2323 74.1 1.2223 | 1.2273 | 1.2248°| 1.2298 | 1.2273 | 1.2323 | 1.2298 | 1 2348 
16 16 1.2448 83.4 Te2530 72.9 1.2448 | 1.2491 | 1.2469 | 1.2512 | 1.2490 | 1.2583 | 1.2511 | 1.2554 
146 18 | 1.2524 | 83.3 1.2605 dal 1.2524 | 1.2565 | 1.2544 | 1.2585 | 1.2564 1.2605 | 1.2585 | 1.2626 


l 


i 


® Based on Table 31. The differences between limits are equal to the minor-diameter tolerances given in Table 31 for lengths of engagement to and including 44 D, However 
the minimum values for lengths of engagement greater than }3D and for sizes \4 in. and larger are adjusted so that the difference between limits is never less than 0.0040 in 
For diameter-pitch combinations other than those given in this table, the tolerances given in Table 31 should be similarly applied to determine hole-size limits. 


Based on length of engagement equal to the nominal diameter. 
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TABLE 37d—Classes 1B, 2B, and 8B,* Recommended Hole-Size Limits Before Threading for Different Lengths of Engagement— 
UNC, UNF, UNEF, UN, NC, NF, NEF, and N Series 
DESIGNATION MINOR-DIAMETER INTERNAL THREADS RECOMMENDED HOLE-SIZE LIMITS FOR DIFFERENT LENGTHS OF ENGAGEMENT 
; 5 ._ |To and including 4 D| Above 4 D to 34 D | Above 44D to 144 D| Abovei4 Dto3D 
c Thread ide at b Maxi- ix b 
Thread size _| Tees | anima | Beer | Mas | Bese tage |) eee eee eee 
13 6 1.1946 83.3 1.2146 74.1 1.1946 | 1.2046 | 1.1996 | 1.2096 | 1.2046 | 1.2146 | 1.2096 | 1.2196 
13g 8 1.2397 83.3 1.2547 74.1 1.2397 | 1.2472 | 1.2484 | 1.2509 | 1.2472 | 1.2547 | 1.2510 | 1.2585 
134 12 1.2848 83.3 1.2948 74.1 1.2848 | 1.2898 | 1.2873 | 1.2923 | 1.2898 | 1.2948 | 1.2923 | 1.2973 
136 16 1.3073 83.4 1.3158 72.9 1.3073 | 1.3116 | 1.3094 | 1.31387 | 1.3115 | 1.3158 | 1.3136 | 1.3179 
13g 18 1.3149 83.3 1.3230 (P4l 1.3149 | 1.3190 | 1.3169 | 1.3210 | 1.3189 | 1.3230 | 1.3210 | 1.3251 
1K 12 1.3473 83.3 1.3573 74.1 1.3473 | 1.3523 | 1.3498 | 1.3548 | 1.3523 | 1.3573 | 1.3548 | 1.3598 
1K 16 1.3698 83.4 1.3783 72.9 1.3698 | 1.3741 | 1.3719 | 1.3762 | 1.3740 | 1.3783 | 1.3761 | 1.3804 
lKe 18 1.3774 83.3 1.3855 72.1 1.3774 | 1.3815 | 1.3794 | 1.3835 | 1.3814 | 1.3855 | 1.3835 | 1.3876 
1% 6 1.3196 83.3 1.3396 74.1 1.3196 | 1.3296 | 1.3246 | 1.3346 | 1.3296 | 1.3396 | 1.3346 | 1.3446 
1% 8 1.3647 83.3 1.3797 74.1 1.3647 | 1.3722 |-1:3684 | 1.3759 | 1.3722 | 1.3797 | 1.3760 | 1.3835 
1% 12 1.4098 83.3 1.4198 74.1 1.4098 | 1.4148 | 1.4123 | 1.4173 | 1.4148 | 1.4198 | 1.4173 | 1.4223 
14 16 1.4323 83.4 1.4408 72.9 1.4828 | 1.4866 | 1.4344 | 1.4387 | 1.4365 | 1.4408 | 1.4386 | 1.4429 
1% 18 1.4399 83.3 1.4480 72.1 1.4899 | 1.4440 | 1.4419 | 1.4460 | 1.4439 | 1.4480 | 1.4460 | 1.4501 
14 20 1.4459 83.3 1.4537 71.3 1.4459 | 1.4498 | 1.4477 | 1.4517 | 1.4497 | 1.4537 | 1.4516 | 1.4556 
‘1% 6 16 1.4948 83.4 1.5033 72.9 1.4948 | 1.4991 | 1.4969 | 1.5012 | 1.4990 | 1.5033 | 1.5011 | 1.5054 
1%6 18 1.5024 83.3 1.5105 72.1 1.5024 | 1.5065 | 1.5044 | 1.5085 | 1.5064 | 1.5105 | 1.5085 | 1.5126 
154 8 1.4897 83.3 1.5047 74,1 1.4897 | 1.4972 | 1.4934 | 1.5009 | 1.4972 | 1.5047 | 1.5010 | 1.5085 
15 12 1.5348 83.3 1.5448 74.1 1.5348 | 1.5398 | 1.5373 | 1.5423 | 1.5898 | 1.5448 | 1.5423 | 1.5473 
1% 16 1.5573 83.4 1.5658 72.9 1.5573 | 1.5616 | 1.5594 | 1.5637 | 1.5615 | 1.5658 | 1.5636 | 1.5679 
154 18 1.5649 83.3 1.5730 72.1 1.5649 | 1.5690 | 1.5669 | 1.5710 | 1.5689 | 1.5730 | 1.5710 | 1.5751 
LiKe 16 1.6198 83.4 1.6283 72.9 1.6198 | 1.6241 | 1.6219 | 1.6262 | 1.6240 | 1.6283 | 1.6261 | 1.6304 
114, 18 1.6274 83.3 1.6355 72.1 1.6274 | 1.6315 | 1.6294 | 1.6335 | 1.6314 | 1.6355 | 1.6335 | 1.6376 
134 5 1.5335 83.3 1.5575 74.1 1.5335 | 1.5455 | 1.5395 | 1.5515 | 1.5455 | 1.5575 | 1.5515 | 1.5635 
134 8 1.6147 83.3 1.6297 74.1 1.6147 | 1.6222 |:1.6184.| 1.6259 | 1.6222 | 1.6297 | 1.6260 | 1.6335 
134 12 1.6598 83.3 1.6698 74.1 1.6598 | 1.6648 | 1.6623 | 1.6673 | 1.6648 | 1.6698 | 1.6673 | 1.6723 
134 16. | 1.6823 83.4 1.6908 72.9 1.6823 | 1.6866 | 1.6844 | 1.6887 | 1.6865 | 1.6908 | 1.6886 | 1.6929 
134 20 1.6959 83.3 1.7037 71.3 1.6959 | 1.6998 | 1.6977 | 1.7017 | 1.6997 | 1.7087 | 1.7016 | 1.7056 
113/¢ 16 1.7448 83.4 1.7533 72.9 1.7448 | 1.7491 | 1.7469 | 1.7512 | 1.7490 | 1.7533 | 1.7511 | 1.7554 
1% 8 1.7397 83.3 1.7547 74.1 1.7397 | 1.7472 | 1.7484 | 1.7509 | 1.7472 | 1.7547 | 1.7510 | 1.7585 
1% 12 1.7848 83.3 1.7948 74.1 1.7848 | 1.7898 | 1.7873 | 1.7923 | 1.7898 | 1.7948 | 1.7923 | 1.7973 
1% 16 1.8073 83.4 1.8158 72.9 1.8073 | 1.8116 | 1.8094} 1.8187 | 1.8115 | 1.8158 | 1.8136 | 1.8179 


* Based on Table 31. The differences between limits are equal to the minor-diameter tolerances given in Table 31 for lengths of engagement to and including }4 D. However. 
the minimum values for lengths of engagement greater than }4 D and for sizes }4 in. and larger are adjusted so that the difference between limits is never less than 0.0040 in 
For, diameter-pitch combinations other than those given in this table, the tolerances given in Table 31 should be similarly applied to determine hole-size limits. 


Based on length of engagement equal to the nominal diameter. 


368 SCREW THREADS 


TABLE 37e—Classes 1B, 2B, and 3B, Recommended Hole-Size Limits Before Threading for Different Lengths of Engagement— 
UNC, UNF, UNEF, UN, NC, NF, NEF, and N Series 


DESIGNATION MINOR-DIAMETER INTERNAL THREADS RECOMMENDED HOLE-SIZE LIMITS FOR DIFFERENT LENGTHS OF ENGAGEMENT 
: 4 _ |To and including 44 D| Above 4 D to 3% D | Above 34 D to 144 D Above 1% D to3 D 
- Thread. sae P b Maxi- iP, b 
Thread size Seach Minimum thread: oche aaae deed het Min Max Min Max Min ieee Min Max 

16 16 1.8698 83.4 1.8783 72.9 1.8698 | 1.8741 | 1.8719 | 1.8762 | 1.8740 | 1.8783 | 1.8761 | 1.8804 
2 414 1.7594 83.3 1.7861 74.1 1.7594 | 1.7727 | 1.7661 | 1.7794 | 1.7728 | 1.7861 | 1.7794 | 1.7927 
2 8 1.8647 83.3 1.8797 74.1 1.8647 | 1.8722 | 1.8684 | 1.8759 | 1.8722 | 1.8797 | 1.8760 | 1.8835 
2 12 1.9098 83.3 1.9198 74.1 1.9098 | 1.9148 | 1.9123 | 1.9173 | 1.9148 | 1.9198 | 1.9173 | 1.9223 
2 16 1.9323 83.4 1.9408 72.9 1.9323 | 1.9366 | 1.9344 | 1.9387 | 1.9865 | 1.9408 | 1.9386 | 1.9429 
2 20 1.9459 83.3 1.9537 W113 1.9459 | 1.9498 | 1.9477 | 1.9517 | 1.9497 | 1.9537 | 1.9516 | 1.9556 
26 16 1.9948 83.4 2.0033 72.9 1.9948 | 1.9991 | 1.9969 | 2.0012 | 1.9990 | 2.0033 2.0011 | 2.0054 
2 8 1.9897 83.3 2.0047 74.1 1.9897 | 1.9972 | 1.9934 | 2.0009 | 1.9972 | 2.0047 | 2.0010 | 2.0085 
2% 12 2.0348 83.3 2.0448 74.1 2.0348 | 2.0398 | 2.0373 | 2.0423 | 2-0398 | 2.0448 | 2.0423 | 2.0473 
216 16 2.0573 83.4 2.0658 72.9 2.0573 | 2.0616_| 2.0594 | 2:0637 | 2.0615 | 2.0658 | 2.0636 | 2.0679 
2346 16 2.1198 83.4 2.1283 72.9 2.1198 | 2.1241 | 2.1219 | 2.1262 | 2.1240 | 2.1283 | 2.1261 | 2.1304 
24% 416 | 2.0094 83.3 2.0361 74.1 2.0094 | 2.0227 | 2.0161 | 2.0294 | 2.0228 | 2.0361 | 2.0294 | 2.0427 
244 8 2.1147 83.3 2.1297 74.1 2.1147 | 2.1222 | 2.1184 | 2.1259 | 2.1222 | 2.1297 | 2.1260 | 2.1335 
24% 12 2.1598 83.3 2.1698 74.1 2.1598 | 2.1648 | 2.1623 | 2.1673 | 2.1648 | 2.1698 | 2.1673 | 2.1723 
244 16 2.1823 83.4 2.1908 72.9 2.1823 | 2.1866 | 2.1844 | 2.1887 | 2.1865 | 2.1908 | 2.1886 | 2.1929 
244 20 2.1959 83.3 2.2037 71.3 2.1959 | 2.1998 | 2.1977 | 2.2017 | 2.1997 | 2.2037 | 2.2016 | 2.2056 
25%6 16 2.2448 83.4 2.2533 72.9 2.2448 | 2.2491 2.2469 | 2.2512 | 2.2490 | 2.2533 | 2.2511 | 2.2554 
236 12 2.2848 83.3 2.2948 74.1 2.2848 | 2.2898 | 2.2873 | 2.2923 | 2.2898 | 2.2948 | 2.2923 | 2.2973 
23% 16 2.3073 83.4 2.3158 42.9 2.3073 | 2.3116 | 2.3094 | 2.3137 | 2.3115 | 2.3158 | 2.3136 | 2.3179 
26 16 2.3698 83.4 2.3783 72.9 2.3698 | 2.3741 | 2.3719 | 2.3762 | 2.3740 | 2.3783 | 2.3761 | 2.3804 
216 4 2.2294 83.3 2.2594 74.1 2.2294 | 2.2444 | 2.2369 | 2.2519 | 2.2444 | 2.2594 | 2.2519 | 2. 2669 i 
2144 8 2.3647 83.3 2.3797 74.1 2.3647 | 2.3722 | 2.3684 | 2.3759 | 2.3722 | 2.3797 | 2.3760 | 2.3835 
214 12 2.4098 83.3 2.4198 74.1 2.4098 | 2.4148 | 2.4123 | 2.4173 | 2.4148 | 2.4198 | 2.4173 2.4223 
24 16 2.4323 83.4 2.4408 72.9 2.4323 | 2.4366 | 2.4344 | 2.43887 | 2.4365 | 2.4408 | 2.4886 | 2.4429 
24 20 2.4459 83.3 2.4537 71.3 2.4459 | 2.4498 | 2.4478 | 2.4517 | 2.4497 | 2.4537 | 2.4516 | 2.4556 
254 12 2.5348 83.3 2.5448 74.1 2.5348 | 2.5398 | 2.5373 | 2.5423 | 2.5398 | 2.5448 | 2.5423 | 2.5473 
25% 16 2.5573 83.4 2.5658 72.9 2.5573 | 2.5616 | 2.5594 | 2.5637 | 2.5615 | 2.5658 | 2.5636 | 2.5679 


® Based on Table 31. The differences between limits are equal to the minor-diameter tolerances given in Table 31 for lengths of engagement to and including \% D. However, 
the minimum values for lengths of engagement greater than 4 D and for sizes 4 in. and larger are adjusted so that the difference between limits is never less than 0.0040 in. 
For diameter-pitch combinations other than those given in this table, the tolerances given in Table31 should be similarly applied to determine hole-size limits. 
Based on length of engagement equal to the nominal diameter. 
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TABLE 37{—Classes 1B, 2B, and 3B, Recommended Hole-Size Limits Before Threading for Different Lengths of Engagement— 
UNC, UNF, UNEF, UN, NC, NF, NEF, and N Series 


DESIGNATION 


MINOR-DIAMETER INTERNAL THREADS 


RECOMMENDED HOLE-SIZE LIMITS FOR DIFFERENT LENGTHS OF ENGAGEMENT 


Above 4% D to 1% D 


Above 1% D to 3 D 


—_— 


rN ot 


— 


itl .. | Toand including 44D) Above % D to 34 D 
. ed S b: 
Thread size | Daviach | Minimum | thread height | mum | thread height 
Min Max Min Max 

234 4 2.4794 83.3 2.5094 74.1 2.4794 | 2.4944 | 2.4869 | 2.5019 
234 8 2.6147 83.3 2.6297 74.1 2.6147 | 2.6222 | 2.6184 | 2.6259 
234 12 2.6598 83.3 2.6698 74.1 2.6598 | 2.6648 | 2.6623 | 2.6673 
234 16 2.6823 83.4 2.6908 72.9 2.6823 | 2.6866 | 2.6844 | 2.6887 
2% 12 2.7848 83.3 2.7948 74.1 2.7848 | 2.7898 | 2.7873 | 2.7923 
2% 16 2.8073 83.4 2.8158 72.9 2.8073 | 2.8116 | 2.8094 | 2.8137 
3 4 2.7294 83.3 2.7594 74.1 2.7294 | 2.7444 | 2.7369 | 2.7519 
3 8 2.8647 83.3 2.8797 74.1 2.8647 | 2.8722 | 2.8684 | 2.8759 
3 12 2.9098 83.3 2.9198 74.1 2.9098 | 2.9148 | 2.9123 | 2.9173 
3 16 2.9323 83.4 2.9408 72.9 2.9323 | 2.9366 | 2.9344 | 2.9387 
314 12 3.0348 83.3 3.0448 74.1 3.0348 | 3.0398 | 3.0373 | 3.0423 
3lg 16 3.0573 83.4 3.0658 72.9 3.0573 | 3.0616 | 3.0594 | 3.0637 
34 4 2.9794 83.3 3.0094 74.1 2.9794 | 2.9944 | 2.9869 | 3.0019 
344 8 3.1147 83.3 3.1297 74.1 3.1147 | 3.1222 | 3.1184 | 3.1259 
34 12 3.1598 83.3 3.1698 74.1 3.1598 | 3.1648 | 3.1623 | 3.1673 
34 16 3.1823 83.4 3.1908 72.9 3.1823 | 3.1866 | 3.1844 | 3.1887 
336 12 3.2848 83.3 3.2948 74.1 3.2848 | 3.2898 | 3.2873 | 3.2923 
336 16 3.3073 83.4 3.3158 72.9 3.3073 | 3.3116 | 3.3094 | 3.3137 
34 4 3.2294 83.3 3.2594 74.1 3.2294 | 3.2444 | 3.2369 | 3.2519 
34 8 3.3647 83.3 3.3797 74.1 3.3647 | 3.3722 | 3.3684 | 3.3759 
3 12 3.4098 83.3 3.4198 74.1 3.4098 | 3.4148 | 3.4123 | 3.4173 
34 16 3.4323 83.4 3.4408 72.9 3.4323 | 3.4866 | 3.4344 | 3.4387 
354 12 3.5348 83.3 3.5448 74.1 3.5348 | 3.53898 | 3.5373 | 3.5423 
354 16 3.5573 83.4 3.5658 72.9 3.5573 | 3.5616 | 3.5594 | 3.5637 
334 4 3.4794 83.3 3.5094 74.1 3.4794 | 3.4944 | 3.4869 | 3.5019 
334 8 3.6147 83.3 3.6297 74.1 3.6147 | 3.6222 | 3.6184 | 3.6259 
334 12 3.6598 83.3 3.6698 74.1 3.6598 | 3.6648 | 3.6623 | 3.6673 
334 16 3.6823 83.4 3.6908 72.9 3.6823 | 3.6866 | 3.6844 | 3.6887 
3% 12 3.7848 83.3 3.7948 74.1 3.7848 | 3.7898 | 3.7873 | 3.7923 
3% 16 3.8073 83.4 3.8158 72.9 3.8073 | 3.8116 | 3.8094 | 3.8137 


Min 


Max 


Min 


Max 


2.4944 
2.6222 
2.6648 
2.6865 


2.7898 
2.8115 


2.7444 
2.8722 
2.9148 
2.9365 


3.0398 
3.0615 


2.9944 
3.1222 
3.1648 
3.1865 


3.2898 
3.3115 


3.2444 
3.3722 
3.4148 
3.4365 


3.5398 
3.5615 


3.4944 
3.6222 
3.6648 
3.6865 


3.7898 
3.8115 


2.5094 
2.6297 
2.6698 
2.6908 


2.7948 
2.8158 


2.7594 
2.8797 
2.9198 
2.9408 


3.0448 
3.0658 


3.0094 
3.1297 
3.1698 
3.1908 


3.2948 
3.3158 


3.2594 
3.3797 
3.4198 
3.4408 


3.5448 
3.5658 


3.5094 
3.6297 
3.6698 
3.6908 


3.7948 
3.8158 


2.5019 
2.6260 
2.6673 
2.6886 


2.7923 


2.8136 


2.7519 
2.8760 
2.9173 
2.9386 


3.0423 
3.0636 


0019 
.1260 
1673 
. 1886 


3.2923 
3.3136 


3.2519 
3.3760 
3.4173 
3.4386 


3.5423 
3.5636 


3.5019 
3.6260 
3.6673 
3.6886 


3.7923 
3.8136 


2.5169 
2.6335 
2.6723 
2.6929 


2.7973 
2.8179 


2.7669 
2.8835 
2.9223 
2.9429 


3.0473 
3.0679 


3.0169 
3.1335 
3.1723 
3.1929 


3.2973 
3.3179 


3.2669 
3.3835 
3.4223 
3.4429 


3.5473 
3.5679 


3.5169 
3.6335 
3.6723 
3.6929 


3.7973 
3.8179 


® Based on Table 31. The differences between limits are equal to the minor-diameter tolerances given in Table 31 for lengths of engagement to and including }4 D. However, 


cor 


the minimum values for lengths of ‘enga; 
ameter-pitch combinations other t! 
ased on length of engagement equal to the nominal diameter. 


peers greater than % D and for sizes }4 in. and larger are adjusted so that the difference between limits is never less than 0.0040 in, 
an those given in this table, the tolerances given in Table 31 should be similarly applied to determine hole-size limits. 


370 SCREW THREADS 
TABLE 37g—Classes 1B, 2B, and 3B,* Recommended Hole-Size Limits Before Threading for Different Lengths of Engagement—- 
UNC, UNF, UNEF, UN, NC, NF, NEF, and N Series 
DESIGNATION MINOR-DIAMETER INTERNAL THREADS RECOMMENDED HOLE-SIZE LIMITS FOR DIFFERENT LENGTHS OF ENGAGEMENT 
2 7 ._ | Toand including 4 D| Above % D to 34 D | Above 34 Dto1%D| Above 14% Dto3D 
Thread sce | ThA | minimum | Zersepebase | Maxi, | Ee cent bagi a 
: Min Max Min Max Min Max Min Max 
4 4 3.7294 83.3 3.7594 74.1 3.7294 | 3.7444 | 3.7369 | 3.7519 | 3.7444 | 3.7594 | 3.7519 | 3.7669 
4 8 3.8647 83.3 3.8797 74.1 3.8647 | 3.8722 | 3.8684 | 3.8759 | 3.8722 | 3.8797 | 3.8760 | 3.8835 
4 12 3.9098 83.3 3.9198 74.1 3.9098 | 3.9148 | 3.9123 | 3.9173 | 3.9148 | 3.9198 | 3.9173 | 3.9223 
4 16 3.9323 83.4 3.9408 72.9 3.9323 | 3.9366 | 3.9344 | 3.9387 | 3.9365 | 3.9408 | 3.9386 | 3.9429 
444 4 3.9794 83.3 4.0094 74.1 3.9794 | 3.9944 | 3.9869 | 4.0019 | 3.9944 | 4.0094 | 4.0019 | 4.0169 
44 8 4.1147 83.3 4.1297 74.1 4.1147 | 4.1222 | 4.1184 | 4.1259 | 4.1222 | 4.1297 | 4.1260 | 4.1385 
44 12 4.1598 83.3 4.1698 74.1 4.1598 | 4.1648 | 4.1623 | 4.1673 | 4.1648 | 4.1698 | 4.1673 | 4.1723 
44 16 4.1823 83.4 4.1908 72.9 4.1823 | 4.1866 | 4:1844 | 4.1887 | 4.1865 | 4.1908 | 4.1886 | 4.1929 
46 4 4.2294 83.3 4.2594 74.1 4.2294 | 4.2444 | 4.2369 | 4.2519 | 4.2444 | 4.2594 | 4.2519 | 4.2669 | 
4M 8 4.3647 83.3 4.3797 74.1 4.3647 | 4.3722 | 4.3684 | 4.3759 | 4.3722 | 4.3797 | 4.3760 | 4.3835 
446 12 4.4098 83.3 4.4198 74.1 4.4098 | 4.4148 | 4.4123 | 4.4173 | 4.4148 | 4.4198 | 4.4173 | 4.4223 
4M 16 4.4323 83.4 4.4408 72.9 4.4323 | 4.4366 | 4.4844 | 4.4387 | 4.4365 | 4.4408 | 4.4386 | 4.4429 
434 8 4.6147 83.3 4.6297 74.1 4.6147 | 4.6222 | 4.6184 | 4.6259 | 4.6222 | 4.6297 | 4.6260 | 4.6335 
434 12 4.6598 83.3 4.6698 74.1 4.6598 | 4.6648 | 4.6623 | 4.6673 | 4.6648 |.4.6698 | 4.6673 | 4.6723 
434 16 4.6823 83.4 4.6908 72.9 4.6823 | 4.6866 | 4.6844 | 4.6887 | 4.6865 | 4.6908 | 4.6886 | 4.6929 
5 8 4.8647 83.3 4.8797 74.1 4.8647 | 4.8722 | 4.8684 | 4.8759 | 4.8722 | 4.8797 | 4.8760 | 4.8835 
5 12 4.9098 83.3 4.9198 74.1 4.9098 | 4.9148 | 4.9123 | 4.9173 | 4.9148 | 4.9198 | 4.9173 | 4.9223 
5 16 4.9323 83.4 4.9408 72.9 4.9323 | 4.9366 | 4.9344 | 4.9387 | 4.9365 | 4.9408 | 4.9386 | 4.9429 
54 8 5.1147 83.3 5.1297 74.1 5.1147 | 5.1222 | 5.1184 | 5.1259 | 5.1222 | 5.1297 | 5.1260 | 5.1335 
5% 12 5.1598 83.3 “5:1698 74.1 5.1598 | 5.1648 | 5.1623 | 5.1673 | 5.1648 | 5.1698 | 5.1673 | 5.1723 
fg 16 5.1823 83.4 5.1908 72.9 5.1823 | 5.1866 | 5.1844 | 5.1887 | 5.1865 | 5.1908 | 5.1886 | 5.1929 
5M Ce 8 5.3647 | 83.8. 5/8797 74.1 5.3647 | 5.3722 | 5.3684 | 5/3759 | 5.3722 | 5.3797 | 5.3760 | 5.3835 
5% 12 5.4098 83.3 5.4198 74.1 5.4098 | 5.4148 | 5.4123 | 5.4173 | 5.4148 | 5.4198 | 5.4173 | 5.4223 
5% 16 5.4323 8374. | .5.4408 # °° 72.9 5.4323 | 5.4366 | 5.4344 | 5.4887 | 5.4365 | 5.4408 | 5.4386 | 5.4429 
534 8 5.6147 83.3 5.6297 74.1 5.6147 | 5.6222 | 5.6184 | 5.6259 | 5.6222 | 5.6297 | 5.6260 | 5.6335 
534 12 5.6598 83.3... 1516698 » 74.1 5.6598 | 5.6648 | 5.6623 | 5.6673 | 5.6648 | 5.6698 | 5.6673 | 5.6723 
A at 534 16 5.6823 | 83.48 > 15.6908 72.9 5.6823 | 5.6866 | 5.6844 | 5.6887 | 5.6865 | 5.6908 | 5.6886 | 5.6929 
i. 6 8 5.8647 83.3 1518797 74.1 5.8647 | 5.8722 | 5.8684 | 5.8759 | 5.8722 | 5.8797 | 5.8760 | 5.8835 
6 12 5.9098 83.3 5.9198 74.1 5.9098 | 5.9148 | 5.9123 | 5.9173 | 5.9148 | 5.9198 | 5.9173 | 5.9223 
6 16 5.9323 | 83.4 %B29408 1°" .72.9 ‘5.9323 | 5.9366 | 5.9344 | 5.9387 | 5.9365 | 5.9408 | 5.9386 | 5.9429 


® Based on Table 31. The differences between limits are equal to the minor-diameter tolerances given in Table 31 for lengths of engagement to and including }4 D. However, 
the minimum values for lengths of engagement greater than }4 D and for sizes }4 in. and larger are adjusted so that the difference between limits is never less than 0.0040 in. 


For diameter-pitch combinations other-than those given in this table, the tolerances given in Table 31 should be similarly applied to determine hole-size limits. 
Based'on length of engagement’ equal to the nominal diameter. : 
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_ Intermediate internal straight pipe........ 6 
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Width of flats, chasers, and taps...........| B38 


| [This SAE Standard is primarily a system of pipe-thread designs 
| which, if adhered to, will reduce the confusion experienced by some 
users and manufacturers. It is a design specification for thread 
truncation at crest and root to reduce possible interference and 
allow no clearance at these points. Corrections are also made in 
1g- and 44-in. internal threads for a disproportionate number of 
_ threads for hand engagement and wrench take-up in the American 
_ (National) Standard Taper Pipe Thread (NPT). 
| _ ‘The other basic detail dimensions for external thread on pipe 
_ are derived from the Briggs formulas which have been adopted as 
_ the American Standard. The Briggs formulas did not provide for 
internal threads or gaging requirements and tolerance for making 
taper threaded joints. Gaging practice and tolerance were later 
standardized about 1913, with the adoption of the thin-ring gage 
and the truncation of the thread plug and ring gages to gage the 
flanks of the thread: The pitch-diameter tolerance for this gaging 
practice was plus or minus one turn (thread), the small end of 
_ the ring gage, when screwed on tight by hand, being within one 
turn either way of the small end of the external threaded product, 
and the gaging notch on the plug gage, when screwed in tight by 


| 


; | 5 se : : 

. | Report of Miscellaneous Division approved March 1921 and last revised by Screw Threads Technical Committee January 1951. Values in Table 1 
] 

; 

: 
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SAE Standard 


conform to those in Table 9, Limits on Crest and Root of American Standard Pipe Threads, ASA B2.1-1945. 


hand, being within one turn either way of the large end or bottom of 
chamfer, if chamfered, of the internal threaded product. 

Straight internal thread for assembly with taper external thread 
was later adopted for wrought-iron or wrought-steel couplings of 
the weight known as standard for ordinary pressures, as they 
were sufficiently ductile to adjust themselves to the taper external 
thread when properly screwed together. 

With the adoption of the American Grease Fitting straight 
internal pipe-thread taps, which were gwen a pitch diameter equiva- 
lent to two threads below the hand engagement plane pitch diameter 
of the taper pipe thread (pitch diameter at the gaging notch, Ly 
distance from the small end of taper threaded plug gage), the prac- 
tice of shortening the pipe thread for economy of material and 
clearance became critical. Some manufacturers shortened the thread 
length at the small end and others at the large end. For use with 
thread lengths shortened at the small end, a new series of straight 
pipe taps, designated Intermediate, were adopted. These were 
given a pitch diameter equivalent to one half thread below the hand- 
engagement plane pitch diameter of the taper pipe thread. | 


The following specifications cover the design and dimensions 
of pipe threads for automotive applications. They are based on 
the American (National) Standard Taper Pipe Thread and for 
full thread length conform in all respects to the Dryseal Ameri- 
can (National) Standard Taper Pipe Thread and Dryseal Ameri- 
can (National) Fuel Internal Straight Pipe Thread published in 
the latest revision of American Standard B2.1. The Short 
Dryseal Taper Pipe Thread is an SAE design exclusively, and 
the taper pipe thread conforms in all respects to the Dryseal 
American (National) Standard Taper Pipe Thread except in 
length of full thread which is reduced for economy of material 
and clearances. 

Taper and Form of Thread—The angle between the sides of 
the thread is 60 deg when measured in an axial plane, and the line 
bisecting this angle is perpendicular to the axis for either taper or 
straight pipe threads. 

The modification of thread form wherein the Dryseal American 
(National) Standard Taper Pipe Thread (NPTF) differs from 
the American (National) Standard (NPT) consists of a change 
in truncation of root and crest (see Table 1) to insure their 
contact before flanks engage. The elimination of clearance at 
crest and root prevents spiral leakage and renders joints pressure- 
tight without lubricant or sealer. However, a lubricant may be 
used to prevent galling during make-up of joints, unless its use 
is functionally objectionable. 

The root and crest of threads as specified are flat, although 
commercially manufactured threads appear rounded. Threads 
are acceptable when crests and roots lie within limits of Table 1. 

The taper of taper pipe thread shall be 1 in 16, or 0.75 in. per 
ft, measured on the diameter and along the axis with a tolerance 
of + 6 in. 

Diameter and Length of Thread—Basic diameter and length 
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of thread for different thread sizes, tabulated in Tables 2, 3, and 
4, are based on the following formulas: 

Basic pitch diameter of thread at small end of external thread 
(NPTF) 


Ey = D — (0.05D + 1.1) p 


Basic pitch diameter of thread at small end of external thread 
(PTF—SAE Short) 


Ey Short = D — (0.05D + 1.037) p 


Basic pitch diameter of thread at large end of internal thread 
(NPTF) 


E, = Eo + (0.0625 x Ly, Basic) 


Basic pitch diameter of thread at large end of internal thread 
(PTF—SAE Short) 


E,; Short = Eo + (0.0625 x L, Short) 
Basic length of external full thread (NPTF) 
L, = (0.8D + 6.8) p 
Basic length of external full thread (PTF—SAE Short) 
L, Short = (0.8D + 5.8) p 


Basic length of internal full thread (NPTF) = LZ, Basic + Ls 
Basic length of interna] full thread (PTF—SAE Short) = I; 
Short + Ls 


where D = outside diameter of pipe 
p = pitch of thread in inches 


The length of full thread includes only threads of correct form 
at crest and root. 

The length of effective thread includes approximately two 
threads slightly imperfect at the crest, such as obtained on 
standard O D pipe. 

Designation Symbol Abbreviations—National or American (N); 
Pipe (P); Taper (T); Straight (S); Fuel or Dryseal (F); Inter- 
mediate (1). 

Thread Serves Designation Symbols—The identification symbols 
adopted to designate the various thread series are: 

Dryseal American (National) Standard Taper Pipe Thread 

(NPTF); 

Dryseal American (National) Fuel Internal Straight Pipe Thread 

(NPSF); 

Dryseal American (National) Intermediate Internal Straight 

Pipe Thread (NPSJ); 

Dryseal SAE Short Taper Pipe Thread (PTF—SAE Short). 

Method of Designating a Pipe Thread—The method of desig- 
nating a pipe thread by means of symbols is by the use of the 
initial letters of the thread series preceded by the nominal size 
and thread form (if Dryseal), all in Arabic characters. 

Examples are given below: 

1g¢—27 Dryseal NPTF; 14-27 Dryseal PTF—SAE Short; 
1g —27 Dryseal NPSF; !4 —27 Dryseal NPSI. 

Tolerance—Threaded product tolerances applying to the use 
o! various gaging methods and gages are given in Appendix A. 
For gaging tolerance of Dryseal American (National) Standard 
Taper Pipe Thread (NPTF), Dryseal SAE Short Taper Pipe 
Thread (PTF—SAE Short), Dryseal American (National) Fuel 
Internal Straight Pipe Thread (NPSF), and Dryseal American 


(National) Intermediate Internal Straight Pipe Thread (NPSI) 
using the basic-notch gage visual or position method, see Ap- 
pendix A, Section I; using the limit gage or step-limit method, 
see Appendix A, Section II; and using the turns-engagement 
method, see Appendix A, Section III. Working gages shall not 
be used when worn beyond the basic dimensions by more than 
1g turn (thread). Proper allowance shall be made for any vari- 
ation from basic when using a gage. 

Dryseal American (National) Standard Taper Pipe Thread 
(NPTF)—External and internal taper pipe threads are used for 
pipe joints in practically every type of service. They are gener- 


ally conceded to be superior for strength and seal. In hard © 


or brittle material without heavy sections, the internal taper 
pipe thread reduces trouble from fracture. Hand-tight engage- 
ment and wrench take-up for Dryseal taper pipe threads are pro- 
portionate. for ‘all sizes. Standard internal taper pipe thread 
when used with lubrication fittings, which have external thread 
with shorter length of full thread than SAE Short, should be 
held closer than standard tolerance toward the minimum pitch 
diameter. 

For specifications covering NPTF, see Table 2. For gaging 


methods, gages, cut thread blanks, taps, drilled hole sizes, hole — 


depths, and full thread lengths, see Appendixes A and B. 
Dryseal SAE Short External Taper Pipe Thread (PTF—SAE 
Short)—At purchaser’s option, external taper pipe thread shorter 


than standard length may be specified, although it is the con- — 


sensus of manufacturer and user opinion that trouble-free as- 
sembly and pressure-tight joints without lubricant or sealer 
cannot be assured unless full length threads are used. Where 


short thread length is specified, shortening shall be by eliminating _ 


one thread at the small end. Any further shortening shall be by 
reducing the allowance for chamfer and shoulder clearance for 
dies or chasers. While products with short external taper thread 
are primarily intended for assembly with Dryseal American 
(National) Intermediate Internal Straight Pipe Thread (NPSI), 


they will assemble with the Dryseal American (National) Stand- 


ard Internal Taper Pipe Thread (NPTF). Hand engagement with 
the short external thread and full-length internal thread is one 
turn (thread) less than with full-length external thread. For 
specifications covering PTF—SAE Short External Thread, see 
Table 3. For gaging methods, gages, cut thread blanks, taps, 


drilled hole sizes, hole depths, and full thread lengths, see Ap- — 


pendixes A and B. 

Dryseal SAE Short Internal’‘Taper Pipe Thread (PTF—SAE 
Short)—At purchaser’s option, internal taper pipe thread shorter 
than standard length may be specified although it is the consensus 


of manufacturer and user opinion that trouble-free assembly and ~ 


pressure-tight joints without lubricant or sealer cannot be assured 
unless full length threads are used. Where short thread length is 
specified, shortening shall be by eliminating one thread at the 
large end. Depth of tap drill is shortened by reducing the pro- 
jection of the tap through the ring gage for SAE Short taps. 
Products with short internal threads are primarily intended 
for assembly with Dryseal American (National) Standard Ex- 
ternal Taper Pipe Thread (NPTF). They are not designed for 
and may not at extreme tolerances assemble with SAE Short Ex- 
ternal Thread in all cases. ‘The hand engagement with short 
internal thread and full-length external thread is one turn 
(thread) less than with full-length internal thread. When used 
with lubrication fittings, which have external thread at small 
end gaged similar to SAE Short, the internal thread or the ex- 
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Truncation—Dryseal American (National) Standard External and Internal Pipe Threads 
For pressure-tight joints without lubricant or sealer 
YUM Lb Lhe 
Usain V7) Minimum Flat 
Truncation ae SH 
Ws 7 a AK g) 
Va Uy oA Crest 
(22 E=5 =k INS ie Tool Contour 
Maximum 7 os \ Maximum Flat 
Truncation 
YA 
2 laxim 
Maximum Flat eo Tes neeetiGD 
Worn Joo/ Contour “ 
be ENON 
Hees | Minimum ee 
Truncation K7 
Minimum Flat => L ~ Marvimum 
SS Flat. 
TABLE 1—Limits on Crest and Root Truncation 
TRUNCATION EQUIVALENT WIDTH OF FLAT® 
DEPTH OF ee 
THREADS PER INCH Boat Minimum Maximum Minimum Maximum 
In. Formula In. Formula Th, Formula In, Formula In. 
27 Crest 0.03208 0.047p 0.0017 0.094p 0.0035 0.054p 0.0020 0.108p 0.0040 
Root , 0.094p 0.0035 0.140p 0.0052 0.108p 0.0040 0.162p 0.0060 
18 Crest 0.04811 0.047p 0.0026 0.078p 0.0043 0.054p 0.0030 0.090p 0.0050 
Root ; 0.078p 0.0043 0.109p 0.0061 0.090p 0.0050 0.126p 0.0070 
14 Crest 0.06186 0.036p 0.0026 0.060p 0.00438 0.042p 0.0030 0.070p 0.0050 
Root ; 0.060p 0.0043 0.085p 0.0061 0.070p 0.0050 0.098p 0.0070 
11% Crest 0.07531 0.040p 0.0035 0.060p 0.0052 0.046p 0.0040 0.069p 0.0060 
Root ; 0.060p 0.0052 0.090p 0.0078 0.069p 0.0060 0.103p 0.0090 
8 Crest 0.10825 0.042p 0.0052 0.055p 0.0069 0.048p 0.0060 0.064p 0.0080° 
Root j 0.055p 0.0069 0.076p 0.0095 0.064p 0.0080 0.088p 0.0110 
® The major diameter of plug gages and minor diameter of ring gages used for gaging dryseal threads shall be truncated an amount sufficient to produce a flat width as shown 
in Appendix A, Tables Al-1 to A12-1 inclusive. 


ere is reason to doubt the correctness of the 8-pitch flat widths because of the volume of metal to be displaced. 


ternal thread or both should be held-¢closer than standard toler- 
ance, the internal thread toward the maximum pitch diameter 
and the external thread toward the minimum pitch diameter, to 
provide a minimum of one-turn hand engagement. 

For specifications covering PT F—SAE Short Internal Thread, 
see Table 4. For gaging methods, gages, taps, drilled hole sizes, 
hole depths, and full thread lengths, see Appendixes A and B. 

Straight Pipe Threads—Assemblies in which both components 
have taper pipe threads are generally conceded to be superior for 
strength and seal. Assemblies with straight internal pipe threads 
and taper external pipe threads are frequently more advantageous 
than all taper assemblies, particularly in automotive and other 
mass-production industries where economy and rapid production 
are paramount considerations. Assemblies in which both com- 
ponents have straight pipe threads are not made with Dryseal 
pipe threads. These should be made with mechanical straight 
pipe threads and a gasket drawn down against a shoulder. 


Straight internal pipe thread for assembly with full-length 
external taper pipe thread (NPTF) on products should be tapped 
with Dryseal American (National) Fuel Straight Pipe Taps 
(NPSF). This tap, having been adjusted on 1¢- and 14-in. sizes to 
obtain threads for hand engagement and wrench take-up propor- 
tionate to all other sizes, supersedes the American (National) 
Grease Fitting Tap (NPSG). This thread (NPSF) is primarily 
intended for relatively soft or ductile materials which will adjust 
themselves to the taper external thread when properly screwed 
together. It may be used in hard or brittle materials with heavy 
sections for assembly with full-length external taper pipe thread. 
It is also sometimes used to limit the depth of assembly of the 
small end of external taper pipe thread. When used with lubri- 
cation fittings, which have external thread at small end gaged 
similar to SAE Short, the internal thread or the external thread 
or both should be held closer than standard tolerance, the 
internal thread toward the maximum pitch diameter and the 
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Dryseal American (National) Standard Taper Pipe Thread (NPTF) 


Hand engagement (L))4L 
tone turn full thread 


at max.int thol PD. - 


Lot(SpApprox) —— 
+ one turn full tha. Die ~ 
2 ee eg 


<<L,+3.4p 


At min ext thal PD. 


TABLE 2—Basic Dimensions of Dryseal American (National) Standard Taper Pipe Thread* 


PD ar END} PD at END VANISH THREADS V SHOULDER| EXTERNAL OUTSIDE OUTSIDE 
were | 77 | Sank | Gains, [=xohomacmen,| yon mum, | neers Cp] cae | a lorena 
size Eo Ei : cLEAR. (V +1p+ %p) | APPROX) (L2 — Li) - e 2 D 

in. in. in. in. thd in. thd in, thd in. in. thd in. thd in. in. 

1 2 3 4 5 6 7 8 Om 10 ii 12 13 14 15 16 17 
VYye-27 |0.03704| 0.27118 | 0.28118 |0.160 |4.32) 0.2611/7.05) 0.11389 | 3.075 | 0.3750 |0.1011/2.73| 0.2711 7.32 0.315 0.3125 
Yg -27 |0.03704| 0.36351 | 0.37360 (0.1615/4.36) 0.2638/7.12) 0.1112 | 3.072 | 0.3750 |0.1023)2.76| 0.2726 | 7.36 0.407 0.405 
4-18 |0.05556| 0.47739 | 0.49163 |0.2278|4.10) 0.4018/7.23) 0.1607 | 2.892 | 0.5625 |0.17403.13| 0.3945 | 7.10 0.546 0.540 
3g -18 |0.05556) 0.61201 | 0.62701 |0.240 |4.32| 0.4078/7.34) 0.1547 | 2.791 0.5625 |0.1678)/3.02) 0.4067 | 7.32 0.681 0.675 
4 -14 (0.07143) 0.75843 | 0.77843 |0.320 [4.48] 0.5337/7.47| 0.2163 | 3.028 | 0.7500 |0.2137|2.99) 0.5343 | 7.48 0.850 0.840 
34 -14 |0.07143) 0.96768 | 0.98887 |0.339 |4.75| 0.5457|7.64| 0.2043 | 2.860 | 0.7500 |0.2067|2.89) 0.5533 | 7.75 1.060 1.050 
1 -1114/0.08696) 1.21363 | 1.23863 0.400 |4.60) 0.6828/7.85) 0.2547 2.929 | 0.9375 |0.2828/3.25| 0.6609 | 7.60 1.327 1.315 
114 -1114|0.08696) 1.55713 | 1.58338 |0.420 |4.83) 0.7068)/8.13) 0.2620 | 3.018 | 0.9688 |0.2868'3.30| 0.6809 | 7.83 1.672 1.660 
144 -1114|0.08696) 1.79609 | 1.82234 0.420 |4.83) 0.7235|8.32) 0.2765 | 3.180 | 1.0000 |0.3085|3.49| 0.6809 | 7.83 1.912 1.900 
2 -1114/0.08696; 2.26902 | 2.29627 |0.436: |5.01) 0.7565|8.70) 0.2747 | 3.159 1.0312 |0.3205)3.69) 0.6969 | 8.01 2.387 2.315 
2144 -8 |0.12500 2.71953 | 2.76216 0.682 |5.46) 1.1374)9.10) 0.3781 3.025 1.5156 |0.4555'3.64 1.0570 8.46 2.893 2.875 
3 -8 |0.12500) 3.34063 | 3.38850 0.766 6.13 1.2000/9.60, 0.3781 3.025 1.5781 |0.4840/3.47) 1.1410 9.13 3.518 3.500 


4 See general specifications preceding tables. 
For gaging methods, gages, cut thread blanks, taps, drilled hole sizes, hole depths, and full thread lengths, see Appendixes A and B. 


external thread toward the minimum pitch diameter, to provide 
a minimum of one-turn hand engagement. 

For specifications covering NPSF, see Table 5. For gaging 
methods, gages, taps, drilled hole sizes, hole depths, and full 
thread lengths, see Appendixes A and B. 

Straight internal pipe thread for assembly with short-length 
external taper pipe thread (PTF—SAE Short) on products, 
should be tapped with Dryseal American (National) Inter- 
mediate Straight Pipe Taps (NPSI). This tap, having been ad- 
justed on 1¢- and }4-in. sizes to obtain threads for hand engage- 
ment and wrench take-up proportionate to all other sizes, 
supersedes the American (National) Coupling Straight Tap 
(NPSC). This thread (NPSI) is primarily intended for assembly 


with Dryseal SAE Short External Taper Pipe Thread (PTF— 
SAE Short) but will assemble with the Dryseal American 
(National) Standard External Taper Pipe Thread (NPTF). 
It should not be used with lubrication fittings which have shorter 
length of full thread than SAE Short. This thread (NPSI) is used. 
extensively in hard or brittle materials of heavy section where 
there is little give in assembly with external taper pipe thread. 
For specifications covering NPSI, see Table 6. For gaging 
methods, gages, taps, drilled hole sizes, hole depths, and full 
thread lengths, see Appendixes A and B. 


(Appendix A follows Table 6.) 
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| Dryseal SAE Short External Taper Pipe Thread (PTF—SAE Short External) 


| For assembly with Dryseal American (National) Intermediate Internal Straight (Table 6) or Dryseal American (National) Standard 
Taper (Table 2) Pipe Threads 


oh ce ap cn Reg Nt EON ea. 


Hand engagement (Ly Short)t4P.. at may int thd PD. 


tone turn full thread 
Neeley ey short Rode 


| | 5 pte 

. | At min ext thal PD. ek, Shortt one turn full the ee /4 p 
| shoulder 

| Ls Short clearance 


Hand 


4p engagement |" Short V Yy 
Intermediate internal str 
N YN , aN, JPA Ss Vege I A \; 
XN NS 7 NH = Mr fartZ 
WY SAE short external taper tha / Yy 


Ey short E> (See TableAl) Dz (See Table2) 


Deities at ae 


TABLE 3—Basic Dimensions of Dryseal SAE Short External Taper Pipe Thread 


| VANISH THREADS V MINIMUM 

| prrcn, | PD AT END oF HAND LENGTH OF PLUS FULL THREAD SHOULDER epee ae ee BENG TEES 

| PTF_SAF , EXT THREAD, Lh ENGAGEMENT, | FULL THREAD, | TOLER PLUS SHOULDER LENGTH ( Poe NEEM AE ROLE 

| FS. Eo SHORT Ly SHORT Ls SHORT CLEAR. (L2 SHORT ge RORT: HERS 

} SHORT SIZE (V+ 1p + %p) + 2146p) Ly; sHort) (Li sHor? + 4p) 

a in. in. in. thd in. thd in, thd in. thd in. iD thd in. thd 
1 2 3 4 a 6 7 8 9 10 ii 12 13 14 15 16 

j VY 6-27 0.03704) 0.27349 0.160 | 4.32 |0.1230) 3.32 |0.2241) 6.05 | 0.0926 2.50 0.3167 OMLOLL |) 2°73 | 0.27118) -7).32 


: 

{ ¥g -27 =| 0.03704] 0.36582 (0.1615) 4.36 0.1244) 3.36 |0.2268) 6.12 | 0.0926 2.50 0.3194 0.1024 | 2.76 | 0.2726 | 7.36 
| 4-18 | 0.05556) 0.48086 |0.2278] 4.10 |0.1722) 3.10 |0.3462) 6.23 | 0.1389 2.50 0.4851 0.1740 | 3.13 | 0.3945 | 7.10 
3g -18 | 0.05556} 0.61548 {0.240 | 4.32 |0.1844/ 3.32 |0.3522) 6.34 | 0.1389 2.50 0.4911 0.1678 | 3.02 | 0.4067 | 7.32 


potions 


| Wy -14 0.07143} 0.76289  |0.320-1 4.48 |0.2486| 3.48 |0.4623) 6.47 | 0.1786 2.50 0.6409 0.2137 | 2.99 | 0.5343 | 7.48 
| 34 -14 | 0.07143) 0.97214 {0.339 | 4.75 |0.2676| 3.75 |0.4743) 6.64 | 0.1786 2.50 0.6528 0.2067 | 2.89 | 0.5533 | 7.75 
} 1 -11% | 0.08696) 1.21906 (0.400 | 4.60 |0.3130) 3.60 |0.5958) 6.85 | 0.2174 2.50 0.8132 0.2828 | 3.25 | 0.6609 | 7.60 
| 1% -11%4 | 0.08696] 1.56256 [0.420 | 4.83 |0.3330) 3.83 |0.6198| 7.13 | 0.2174 2.50 0.8372 0.2868 | 3.30 | 0.6809 | 7.83 


| 1% -1114 | 0.08696} 1.80152 (0.420 | 4.83 |0.3330) 3.83 |0.6365| 7.32 | 0.2174 2.50 0.8539 0.3035 | 3.49 | 0.6809 | 7.83 
| 2 -1114 | 0.08696] 2.27445 (0.436 | 5.01 |0.3490| 4.01 |0.6695) 7.70 | 0.2174 2.50 0.8869 0.3205 | 3.69 | 0.6969 | 8.01 
: 


21% -8 0.12500} 2.72734 {0.682 | 5.46 |0.5570) 4.46 |1.0125| 8.10 | 0.3125 2.50 1.3250 0.4555 | 3.64 | 1.0570 | 8.46 
3-8 0.12500; 3.34844 (0.766 | 6.13 |0.6410; 5.13 |1.0750| 8.60 | 0.3125 2.50 1.3875 0.4340 | 3.47 | 1.1410 | 9.13 


® See general specifications preceding tables. : 
For gaging methods, gages, cut thread blanks, taps, drilled hole sizes, hole depths; and full thread lengths, see Appendixes A and B. 
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Dryseal SAE Short Internal Taper Pipe Thread (PTF—SAE Short Internal) 
For assembly with American (National) Standard External Taper Pipe Thread (Table 2) 


f Hand engt (L, Short )+lL3 


at max.itnt tha PD. 


tone turn full thread 


(L, Shor?) 


TABLE 4—Basic Dimensions of Dryseal SAE Short Internal Taper Pipe Thread 


% 


PD at END OF INT LENGTH OF INTERNAL HOLE DEPTH FOR 
PTE—SAE es er rs Z Es SHORE drauone + Ee) Gane BS 
SHORT SIZE 
in. in. in. thd in. thd in. thd in, 
1 2 3 4 5 6 7 8 9 10 
VY 6-27 0.03704 0.27887 0.160 4.32 0.1230 3.32 0.2341 6.32 0.4564 
Vy -27 0.03704 0.37129 0.1615 4.36 0.1244 3.36 0.2356 6.36 0.4578 
yy -18 0.05556 0.48815 0.2278 4.10 0.1722 3.10 0.3389 6.10 0.6722 
3g -18 0.05556 0.62354 0.240 4,32 0.1844 3.32 0.3511 6.32 0.6844 
4g -14 0.07148 0.77397 0.320 4.48 0.2486 3.48 0.4629 6.48 0.8915 
3q -14 0.07148 0.98441 0.339 4.75 0.2676 3.75 0.4819 6.75 0.9105 
1 -114% 0.08696 1.23320 0.400 4.60 0.3130 3.60 0.5749 6.60 1.0956 
144-114 0.08696 1.57795 0.420 4.83 0.3330 3.83 0.5949 6.83 1.1156 
14% -114% 0.08696 1.81691 0.420 4.83 0.3330 3.83 0.5949 6.83 1.1156 
2 -l1kK - 0.08696 2.29084 0.436 5.01 0.3490 4.01 0.6109 7.01 1.1316 
214 -8 0.12500 2.75435 0.682 5.46 0.5570 4.46 0.9320 7.46 1.6820 
3 6-8 0.12500 3.38069 0.766 6.13 0.6410 5.13 1.0160 8.13 1.7660 


* See general specifications preceding tables 
For gaging methods, gages, taps, drilled hole sizes, hole depths, and full thread Jengths, see Appendixes A and B. 
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Dryseal American (National) Standard Fuel Internal Straight Pipe Thread (NPSF) 
For assembly with Dryseal American (National) Standard External Taper Pipe Thread (Table 2) 


j TABLE 5—Dryseal American (National) Standard Fuel Internal Straight Pipe Thread Limits*® 


NPSF PITCH DIAMETER? MINOR DIAMETER® DESIRED MINIMUM LENGTH OF FULL THREAD 
SIZE 
: Maxie Min®! Min in, Thd 
i —eEeEe——E—E————————— 
| 1 2 3 4 5 6 
| 1 6-27 0.2803 0.2768 0.2482 6 8.44 
| 1 oF 0.3727 0.3692 0.3406 546 8.44 
1 e \% -18 0.4904 0.4851 0.4422 1545 8.44 
3¢ -18 0.6257 0.6205 0.5776 4 9.00 
| 4g -14 0.7767 0.7700 0.7133 2160 9.19 
| 34 -14 0.9872 0.9805 0.9238 2140 9.19 
| 1 -11% 1.2365 1.2284 1.1600 2520 8.98 
ie | 
Hl ® See general specifications preceding tables. 
H | For gaging methods, gages, taps, drilled hole sizes, hole depths, and full thread lengths, see Appendixes A and B. 


> The pitch diameter of the tapped hole as indicated by the taper plug gage is slightly larger than the values given due to the gage having to enter approximately % turn 
to engage first full thread. : f " 
. Ks the Dryseal American (National) Standard pipe thread form is maintained, the major and minor diameters of the internal thread vary with the pitch diameter. 
4 Col 2 is the same as the F; pitch diameter of thread at large end of internal thread (Table 2) minus (small) 34 thread taper. 
\ © Taps specified in Table B6 produce tapped holes to the above limits in cast iron, steel, and brass. In zinc and similar soft metals, they produce tapped holes approximately 
! 0.001 smaller. Plug-gage turns engagement should be reduced accordingly. 
Col 3 is Col 2 reduced by 144 turns. 


Dryseal American (National) Intermediate Internal Straight Pipe Thread (NPSI) 
\ For assembly with Dryseal SAE Short External Taper (Table 3) or American (National) Standard Taper Pipe Thread (Table 2) 


| 
/ 


TABLE 6—Dryseal American (National) Intermediate Internal Straight Pipe Thread Limits® 


| . NPSI a — - PITCH DIAMETER? MINOR DIAMETER® DESIRED MINIMUM LENGTH OF FULL THREAD 
SIZE 
Max.4:¢ Min.®:! Min In. Thd 
| 1 2 3 4 5 6 
V4 6-27 0.2826 0.2711 0.2505 Ho 8.44 
yy -27 0.3750 0.3715 0.3429 He 8.44 
yy -18 0.4938 0.4886 0.4457 1546 8.44 
3¢ -18 0.6292 0.6240 0.5811 4% 9.00 
¥ -14 0.7812 0.7745 0.7180 2140 9.19 
34 -14 0.9917 0.9850 0.9283 2146 9.19 
1 -11% 1.2420 1.2338 1.1655 2520 8.98 


® See general specifications preceding tables. 
For gaging methods, gages, taps, drilled hole sizes, hole depths, and full thread lengths, see Appendixes A and B. 
a > The pigs auneter of the tapped hole as indicated by the taper plug gage is slightly larger than the values given due to the gage having to enter approximately 3% turn 

en, rst fu read. 

© As the Dryseal American (National) Standard pipe thread form is maintained, the major and minor diameters of the internal thread vary with the pitch diameter. 

4 Col 2 is the FE: pitch diameter of thread at large end of internal thread (Table 2) plus (large) 5 thread taper. 
\g © Taps specified in Table B7 produce tapped holes to the above limits in cast iron, steel, and brass. In zinc and similar soft metals, they produce tapped holes approximately 
7 0.001 smaller. Plug-gage turns Pe romeyt should be reduced accordingly. 
, 2 Col 3 is Col 2 reduced by 14 turns. 
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Appendix A—Dryseal Pipe-Thread Gaging 


General—There are three accepted methods of checking Dry- 
seal pipe threads with threaded plug and ring gages. The methods 
separately described in the following sections are: 

Section I—Position method with basic-notch gages. 

Section IJ—Limit method with step-limit gages. 

Section I]J—Turns-engagement method with either basic- 
notch or limit-notch gages. 

All methods of gaging external Dryseal threads involve the 
use of two ring thread gages, the (Z,) thin-ring thread gage for 
checking the pitch diameter over the hand engagement or 
(Zy) thread length and the (Zz) full-thread ring gage for checking 
the pitch diameter over the full thread length to insure adequate 
threads for wrench tightening. 

All methods of gaging internal Dryseal threads involve the 
use of two plug thread gages, the (Z,) plug thread gage for 
checking the pitch diameter over the hand engagement or (Jy) 
thread length and the (Z3) plug thread gage for checking pitch 
diameter of the thread beyond the hand engagement length. 

As indicated in the separate descriptions of the various gag- 
ing methods, coordination of the two ring thread gages for 
external threads and coordination of the two plug thread gages 
for internal threads control and check thread taper. The gages 
cannot be correlated, however, for external threads of minimum 
PD or internal threads of maximum PD unless the length of the 
threads is one thread longer than basic full thread length. 

The threads of tools and the threads of a percentage of the 
product or casts in the case of internal threads should be pro- 
jected as a check on thread form and truncation. Although 
projection is strongly recommended, the truncation at major 
diameter of internal thread and minor diameter of external 
thread may be checked respectively with special plug and ring 
gages with thread angle reduced to clear the flank of the threads; 
and the truncation at minor diameter of internal taper thread 
and major diameter of external taper thread may be checked 
respectively with plain taper plug gages and plain taper ring 
gages. Internal straight thread truncation at minor diameter may 
be checked with plain plug gages. 

Section I—Position Method of Gaging with Basic Notch 
Gages 

The position method of gaging Dryseal threads with plug 
thread and ring thread gages is a visual check of the position of 
the gages in relation to the product. It involves estimating the 
position of a notch or step on the thread gages in relation to 
the gaging point of the product within the allowable tolerance. 

While the method is the same as that used for years past in 
checking conventional pipe threads without the Dryséal feature, 
the gages are different with respect to truncation of threads, 
the crests of the threads at the minor diameter of the ring gages 
and the major diameter of the plug gages being truncated to a 
greater extent to clear the increased truncation of the product 
thread. Another distinction is that the Dryseal (Ze) ring is 
counterbored larger than the thread diameter at the small end a 
distance equal to the (Z;) thread length minus one pitch. Con- 
ventional rings and plugs, however, may be converted to Dry- 
seal by grinding the crests to conform with the width of flats 
specified for Dryseal gages, and grinding a counterbore in the 
(Ze) ring gage. 


The gages are turned or screwed hand-tight into or onto the 
threaded product, the position of the gage notch in relation 
to the product reference point being noted to determine whether 
the standoff exceeds the allowable tolerance. Allowance must be 
made for excessive chamfer at the small end of external threads 
and the large end of internal threads, the product reference 
point in the first instance being the beginning of the first thread 
on the chamfer, and in the second instance being the intersection 
of the pitch diameter cone and the chamfer cone. 

External Threads—Dryseal American (National) Standard Ex- 
ternal Taper Pipe Threads (NPTF) are gaged with the NPTF 
(Zy) basic notch Dryseal ring thread gages (Table Al) and the 
NPTF (Lz) basic-notch Dryseal ring thread gages (Table Al). 
Threads are within the allowable. tolerance when the product 
reference point is flush with the gage reference point within a 
tolerance of plus (small) one turn, minus (large) one turn. As a 
check on taper, the (Z) and (Le) ring thread gages shall gage the 
same within 144 turn. 

Dryseal SAE Short External Taper Pipe Threads PTF—SAE 
Short, which are one thread shorter at the. small end than 
standard full thread length, are gaged with the NPTF (1) basic- 
notch Dryseal ring thread gages (Table Al) and the NPTF (J») 
basic-notch Dryseal ring thread gages (Table Al). Threads are 
within the allowable tolerance when the product reference point 
is flush with the gage reference point within a tolerance of plus 
zero, minus (large) 1144 turns. As a check on taper, the (y) 
and (Ze) ring thread gages shall gage the same within 144 turn. 

Internal Threads—Dryseal American (National) Standard In- 
ternal Taper Pipe Threads (NPTF) are gaged with the NPTF 
(Ly) basic-notch Dryseal plug thread gages (Table A2) and the 
NPTF (Zs) basic-notch Dryseal plug gages (Table A3). Threads 
are within the allowable tolerance when the product reference 
point is flush with the gage notch within the following tolerances: 

Plus (large) 1 turn, minus (small) 1 turn, for all sizes except 
4g and 14 in. 

Plus (large) 44 turn, minus (small) 144 turns, for 1¢-in. size. 

Plus (large) 114 turns, minus (small) 14 turn for 14-in. size. 

As a check on taper, the (Zi) and the (Z;) plug thread gages 
shall gage the same with relation to their respective notches 
within 14 turn. 

Dryseal SAE Short Internal Taper Pipe Threads PTF—SAE 
Short, which are one thread shorter at the large end than stand- 
ard full thread length, are gaged with the NPTF (Ly) basic- 
notch Dryseal plug thread gages (Table A2) and the NPTF 
(L3) basic-notch Dryseal plug thread gages (Table A3). Threads 
are within the allowable tolerance when the product reference 
point is flush with the gage notch within the following tol- 
erances: 

Plus (large) 0 turns, minus (small) 144 turns, for all sizes 
except 1¢ and 4 in. 

Minus (small) 144 turn, minus (small) 2 turns for the }¢-in. 
size. 

Plus (large) 34 turn, minus (small) 1 turn for the 14-in. size. 

As a check on taper, the (Z;) and the (Z3) gages shall check 
the same with relation to their respective notches within 14 turn. 

Dryseal American (National) Standard Fuel Internal Straight 
Pipe Threads (NPSF) are gaged with the NPTF (Z;) basic- 


’ 
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| notch Dryseal plug thread gages (Table A2). Threads are within 
|| the allowable tolerance when the product reference point is flush 


| with the gage notch within the following tolerances: 
Plus (large) 0 turns, minus (small) 144 turns for all sizes except 


| 4g and 34 in. 


Minus (small) 14 turn, minus (small). 2 turns, for the 1-in. 


| size. 


Plus (large) 44 turn, minus (small) 1 turn, for the }4-in. size. 

As depth gages without regard to gage notches, any of the 
(L3) Dryseal plug thread gages may be used to check the full 
thread length of internal straight pipe threads. 

Dryseal American (National) Standard Intermediate Internal 
Straight Pipe Threads (NPSI) are gaged with the NPTF (Z,) 
basic-notch Dryseal plug thread gages (Table A2). Threads 
are within the allowable tolerance when the product reference 
point is flush with the gage notch within the following tolerances: 

Plus (large) 1 turn, minus (small) 44 turn, for all sizes except 
the 14 and 14 in. 

Plus (large) 44 turn, minus (small) 1 turn, for the }<-in. size. 
Plus (large) 114 turns, minus (small) 0 turns for the 14-in. size. 
As depth gages without regard to gage notches, any of the 

(L3) Dryseal plug thread gages may be used to check the full 

thread length of internal straight pipe threads. 

Section II—Limit Method of Gaging with Step-Limit Gages 

The limit-gage or step-limit method of checking threaded prod- 
uct with plug thread and ring thread gages is a visual check 
of the position of the gages in relation to the product. Plug and 
ring gages with maximum and minimum limit notches are pro- 
vided for the different thread types: NPTF, PTF—SAE Short, 
NPSF, and NPSI. The location of the limit notches on the 14- 
and 14-in. plugs eliminates the necessity for gaging correction. 

The gages are turned or screwed hand-tight into or onto the 
threaded product, the position of the product reference point 
in relation to the limit notches on the gage being noted. Al- 
lowance must be made for excessive chamfer at the small end 


_ of external threads and the large end of internal threads, the 


product reference point in the first instance being the beginning 
of the first thread on the chamfer, and in the second instance 
being the intersection of the pitch diameter cone and the chamfer 
cone. 

External Threads—Dryseal American (National) Standard 


_ External Taper Pipe Threads (NPTF) are gaged with the 


NPTF (Z,) step-limit Dryseal ring thread gages (Table A4) 
and the NPTF (Z2) step-limit Dryseal ring thread gages (Table 
A5). Threads are within the allowable tolerance when the 
product reference point is on or between the limit notches. As a 
check on taper, the (Z;) and the (Zz) Dryseal ring thread gages 
shall gage the same in relation to their respective notches within 
4g turn. 

Dryseal SAE Short External Taper Pipe Threads PTF—SAE 
Short, which are one thread shorter at the small end than 
standard full thread length, are gaged with the PTF—SAE 
(I, Short) step-limit Dryseal ring thread gages (Table A8) 
and the PTF—SAE (Z2 Short) step-limit ring thread gages 


_ (Table AQ). Threads are within the allowable tolerance when 
_ the product reference point is on or between the limit notches. 
_ As a check on taper, the (Z; Short) and the (Ze Short) Dryseal 


ring thread gages shall gage the same with relation to their 
respective notches within 14 turn. 
Internal Threads—Dryseal American (National) Standard In- 


_ ternal Taper Pipe Threads (NPTF) are gaged with the NPTF 
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(I,) step-limit Dryseal plug thread gages (Table A6) and the 
NPTF (Z;) step-limit Dryseal plug thread gages (Table A7). 
Threads are within the allowable tolerance when the product 
reference point is on or between the limit notches. As a check on 
taper, the (Ly) and (L3) Dryseal plug thread gages shall gage the 
same with relation to their respective notches within 14 turn. 

Dryseal SAE Short Internal Taper Pipe Threads PTF—SAE 
Short, which are one thread shorter at the large end than stand- 
ard full thread length, are gaged with the PTF—SAE (Z, Short) 
step-limit Dryseal plug thread gages (Table A10) and the 
PTF—SAE (Lz; Short) step-limit Dryseal plug thread gages 
(Table All). Threads are within the allowable tolerance when 
the product reference point is on or between the limit notches. 
As a check on taper, the (Z; Short) and (ZL; Short) Dryseal 
plug thread gages shall gage the same with relation to their 
respective notches within 144 turn. 

‘Dryseal American (National) Standard Fuel Internal Straight 
Pipe Threads (NPSF) are gaged with the NPSF (ZL, Short) 
step-limit Dryseal plug thread gages (Table A10). Threads are 
within the allowable tolerance when the product reference point 
is on or between the limit notches. As depth gages without 
regard to limit notches, any of the (Z3) Dryseal plug thread 
gages may be used to check the full thread length of internal 
straight pipe threads. 

Dryseal American (National) Standard Intermediate Internal 
Straight Pipe Threads (NPSI) are gaged with the NPSI (Z;) 
step-limit Dryseal plug thread gages (Table A12). Threads are 
within the allowable tolerance when the product reference 
point is on or between the limit notches. As depth gages without 
regard to limit notches, any of the (L3) Dryseal plug thread 
gages may be used to check the full thread length of internal 
straight pipe threads. 7% 

Section I1I—Turns-Engagement Method of Gaging with Basic- 
Notch or Step-Limit Gages 

The turns-engagement method of checking threaded product 
with plug thread and ring thread gages is a tactual check of the 
position of the gages in relation to the product. In checking by 
this method, either the basic-notch or the step-limit gages may be 
used. The gages are turned or screwed into or onto the threaded 
product and the turns to remove the gages are counted. This 
method compensates for gage chamfer and eliminates the variable 
of product chamfer. 

Basic Turns Engagement of Ring Gages—The basic turns en- 
gagement of the (Lj) ring thread gages (Tables Al, A4, and A8) 
with Dryseal external taper pipe threads is the product of the 
(Zy) thread length of the ring gage used and the threads per 
inch, minus one turn to compensate for chamfer of the external 
threads and chamfer of the ring gages. (See accompanying 
tabulation of basic turns engagement.) 

The basic turns engagement of the (Ze) ring thread gages 
(Tables Al, A5, and A9) with Dryseal external taper pipe threads 
is the product of the (Ze) thread length and the threads per 
inch, minus 114 turns to compensate for chamfer of the external 
threads and the chamfer and taper of the ring gages. (See ac- 
companying tabulation of basic turns engagement.) 

External Threads—Dryseal American (National) Standard Ex- 
ternal Taper Pipe Threads (NPTF) by the turns-engagement 
method may be gaged with any combination of (Zi) and (Le) 
Dryseal ring thread gages (Tables Al, A4, A5, A8, and AQ). 
Nominal turns engagement equals basic turns engagement. 


. The tolerance is plus (small) 1 turn, minus (large) 1 turn. As a 
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Basic Turns Engagement* 


THREAD GAGE 
SIZE Ly rings 
All Le | All Zi | All Ls 
Basic-notch, Step-limit, Tables | Tings | Plugs | plugs 
Table Al A4 and A& 
Vy 6-27 3.32 3.32 5.80 | 3.82 | 6.57 
\g -27 3.86 3.36 5.87 | 3.86 | 6.61 
yy -18 2.60 3.10 5.98 | 3.60 | 6.35 
3g -18 3.32 3.32 6.09 | 3.82 | 6.57 
1g -14 3.48 3.48 6.22 | 3.98 | 6.73 
34 -14 3.75 3.75 6.39 | 4.25 | 7.00 
1 -114 3.60 3.60 6.60 | 4.10 | 6.85 
14% -114 3.83 3.83 6.88 | 4.33 | 7.08 
144 -11}4 3.83 3.83 7.07 | 4.33 | 7.08 
2 -11% 4.01 4.01 7.45 | 4.51 | 7.26 
21 -8 4.46 4.46 7.85 | 4.96 | 7.71 
3 (8 5.13 5.13 8.35 | 5.63 |-8.38 


§ Derivation of nominal turns engagement and tolerance for the different thread 
types, NPTF, PTF—SAE Short, NPSF, and NPSI, is explained in accompanying 
text. 


check on taper, the difference in turns engagement with the 
(Zy) and the (Z2) Dryseal ring thread gages shall be within 
14g turn of the difference between the basic turns engagement of 
the ring gages. 

Dryseal SAE Short External Taper Pipe Threads PTF—SAE 


Short, which are one thread shorter at the small end than stand- 


ard full thread length, may be gaged by the turns-engagement 
method with any combination of (Zi) and (Le) Dryseal ring 
thread gages (Tables Al, A4, A5, A8, and A9). Nominal turns 
engagement is one turn less than basic turns engagement. The 
tolerance is plus (small) 1 turn, minus (large) 34 turn. As a check 
on taper, the difference in turns engagement with the (I) 
and the (Ze) Dryseal ring thread gages shall be within 14 turn 
of the difference between the basic turns engagement of the ring 
gages. 

Basic Turns Engagement of Plug Gages—The basic turns 
engagement of the (Zi) Dryseal plug thread gages (Tables A2, 
A6, Al0, and A12) and Dryseal internal pipe threads is the 
product of the (Ly) thread length (Table 2) and the threads per 
inch, minus 14 turn to compensate for chamfer on plug gages. 
(See accompanying tabulation of basic turns engagement.) 


The basic turns engagement of the (3) Dryseal plug thread 
gages (Tables A3, A7, and All) with Dryseal internal pipe 


threads is the (11) thread length (Table 2) plus three threads, 
multiplied by the threads per inch, minus 34 turn to compensate 


for chamfer and taper on plug gages. (See accompanying tabula- 
tion of basic turns engagement.) 

Internal Threads—Dryseal American (National) Standard In- 
ternal Taper Pipe Threads (NPTF) are gaged with any com- 
bination of (Zi) and (Zs) Dryseal plug thread gages (Tables A2, 
A8, A6, A7, A10, All, and A12). The nominal turns engagement 
equals basic turns engagement. The tolerance is plus (large) 1 
turn, minus (small) 1 turn. As a check on taper, the difference in 
turns engagement of the (Z1) and the (Z3) Drysea] plug thread 
gages shall not be less than 214 turns nor more than 314 turns. 

Dryseal SAE Short Internal Taper Pipe Thread PTF—SAE 
Short, which are one thread shorter at the large end than stand- 


ard full thread length, are gaged with any combination of (Ih) © 
and (L3) Dryseal plug thread gages (Tables A2, A3, A6, A7, — 


Al10, All, and A12). The nominal turns engagement is one turn 
less than basic turns engagement. The tolerance is plus (large) 
1 turn, minus (small) 14 turn. As a check on taper, the difference 
in turns engagement of the (Z;) and the (3) Dryseal plug thread 
gages shall not be less than 214 turns nor more than 314 turns. 

Dryseal American (National) Standard Fuel Internal Straight 
Pipe Threads (NPSF) are gaged with any of the (Z;) Dryseal 
plug thread gages (Tables A2, A6, A10, and A12). The nominal 
turns engagement is one turn less than basic turns engagement. 
The tolerance is plus (large) 1 turn, minus (small) 14 turn. As 
depth gages without regard to limit notches, any of the (Ls) 
Dryseal plug thread gages may be used to check the full thread 
length of internal straight pipe threads. 

Dryseal American (National) Standard Intermediate Internal 
Straight Pipe Threads (NPSI) are gaged with any of the (Ij) 
Dryseal plug thread gages (Tables A2, A6, A10, and A12). The 


nominal turns engagement equals basic turns engagement. The ~ 


tolerance is plus (large) 1 turn, minus (small) 14 turn. As depth 
gages without regard to limit notches, any of the (L3) Dryseal 
plug thread gages may be used to check the full thread length of 
internal straight pipe threads. 


(Appendix B follows Table A12-1.) 
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Dryseal American (National) Taper Pipe Thread (L; and Ly) Ring Gages 


30 °Chamfer 
to Major diam 


30 nerd ‘ 


to Major diam 
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TABLE Al—Basic Dimensions of Dryseal American (National) Taper Pipe Thread (I, and L2) Basic-Notch Ring Gages 


(Lz) BASIC-NOTCH FULL-RING GAGES (Li) BASIC-NOTCH THIN-RING GAGES 
Bas Pitch Minor Pitch diameter Minor Pitch Minor Pitch Minor 
Ia diameter, diameter at at Li — 2, diameter at | Li — p B Ih diameter, diameter at diameter, diameter at 
E2 large end® Ez In — p* Ey large end® Eo small end® 
W6-27 (0.26113) 0.28750 0.27024 0.27886 0.26160 (0.12296; 3¢ | 0.1600 | 0.28118 0.26392 0.27118 0.25392 
1g -27 |0.26385) 0.38000 0.36274 0.37244 0.35518 (0.14296) 15g2| 0.1800 | 0.37476 0.35750 0.36351 0.34625 
14-18 (0.40178) 0.50250 0.47661 0.48642 0.46053 (0.14444) 1945) 0.2000 | 0.48989 0.46400 0.47739 0.45150 
3% -18 |0.40778| 0.63750 | 0.61161 | 0.62354 | 0.59765 (0.18444! 23¢,/ 0.2400 | 0.62701 | 0.60112 | 0.61201 | 0.58712 
44-14 |0.53871| 0.79179 0.75850 0.77396 0.74067 |0.24857) 7% | 0.3200 | 0.77843 0.74514 0.75843 0.72514 
34 -14 0.54571] 1.00179 | 0.96850 | 0.98440 | 0.95111 |0.26757| 1342 | 0.3390 | 0.98887 | 0.95558 | 0.96768 | 0.93439 
1 -114¢,0.68278) 1.25630 1.21577 1.23320 1.19267 (0.31304) 11149; 0.4000 | 1.23863 1.19810 1.21363 1.17310 
144 -1114/0.70678) 1.60130 1.56077 1.57794 1.53741 (0.33304) 11146] 0.4200 | 1.58338 1.54285 1.55713 1.51660 
144 -1114/0.72348| 1.84130 | 1.80077 | 1.81690 | 1.77637 [0.33304] 115{¢| 0.4200 | 1.82234 | 1.78181 | 1.79609 | 1.75556 
2 -114¢ 0.75652} 2.31630 2.27577 2.29084 2.25031 |0.34904) 214g | 0.4360 | 2.29627 2.25574 2.26902 2.22849 
21g -8 1.13750) 2.79062 2.73237 2.75434 2.69609 0.55700} 21546] 0.6820 | 2.76216 2.70391 2.71953 2.66128 
38 -8 {1.20000} 3.41562 3.35737 3.38068 3.32243 0.64100) 3%. | 0.7660 | 3.38850 3.33025 3.34062 3.28237 
* Minor diameter is based on crest minimum truncation of 0.20 p. 
Marking—In addition to the regular markings, Dryseal Ameri- 
ean (National) Standard Taper Thread Thin-Ring Gages will be \ 
marked NPTF (Ii) and Full-Ring Gages will be marked NPTF a sl & ee tae 
(L2)on the entering side of gage. F Clearance 
Thread Form—The threads in all particulars excepting trun- Optional 
cation shall conform to American (National) Standard Taper 
Pipe Thread practice. Crests of threads at the minor diameter TABLE Al-1—Thread Flats 
of ring gages and major diameter of plug gages shall be trun- 
cated 0.20p minimum to 0.25p maximum producing the mini- THREADS PER IN. F é 
mum and maximum widths of flats specified in Table A1-1. 
All other thread dimensions shall be within tolerances specified 4 ate T0160 
for the American (National) Standard Pipe Thread Working * Aniee . “ es 
Plug Gages (ASA B2.1-1945). Other gage details shall conform : ° 
: é : E : 11% 0.0201 0.0251 
to American Gage Design Standards published in Commercial 8 0.0289 0.0361 


Standard CS8. 


382 DRYSEAL PIPE THREADS 


Dryseal American (National) Taper Pipe Thread (11) Plug Gages 


Taper lock design, range 1 to 3 in., inclusive 


30 °Chamter \v Undercut Optiona/ 
toMi nor diam i 


TABLE A2—Basic Dimensions of Dryseal American (National) Taper Pipe Thread (L,) Basic-Notch Plug Gages 


SMALL END GAGING NOTCH LARGE END 
SIZE Lh I : : 2 E z ‘ 
Pitch Slametens Major diameter Pitch gee Major diameter® Pitch diemoter, Major diameter* 
| 

VY 6-27 0.1600 0.26113: | 0.27118 0.28844 0.28118 0.29844 0.28750 0.30476 

lg -27 0.1800 0.26385 | 0.36351 0.38077 0.37476 0.39202 0.38000 0.39726 

1% -18 0.2000 | 0.40178 0.47739 0.50328 0.48989 0.51578 0.50250 0.52839 

3¢ -18 0.2400 0.40778 0.61201 0.63790 0.62701 0.65290 0.63750 0.66339 

Wy -14 0.3200 0.53371 0.75843 0.79170 0.77843 0.81170 0.79179 0.82506 

34 -14 0.3390 | 0.54571 0.96768 1.00095 0.98887 1.02214 1.00179 1.03506 
1 -114% 0.4000 0.68278 1.21363 1.25416 1.23863 1.27916 1.25630 1.29683 
144 -114 0.4200 0.70678 1 o07d3 1.59766 1.58338 1.62391 1.60130 1.64183 
14 -11% 0.4200 0.72348 1.79609 1.83662 1.82234 1.86287 1.84130 1.88183 
2 -l1¥% 0.4360 0.75652 2.26902 2.30955 2.29627 2.33680 2.31630 2.35683 
216 -8 0.6820 1.13750 2.71953 2.77778 2.76216 2.82041 2.79062 2.84887 
3 (8 0.7660 1.20000 3.34062 3.39887 3.38850 3.44675 3.41562 3.47387 


3 Major diameter is based upon crest minimum truncation of 0.20 p. 


e Form of 
Clearance 
Optional 


Marking—In addition to the regular markings, Dryseal Ameri- 
can (National) Standard Taper Pipe Thread (Z;) Plug Gages 
will be marked NPTF (Z)). 

Thread Form—The threads in all particulars excepting trun- 
cation shall conform to American (National) Standard Taper 
Pipe Thread practice. Crests of threads at the minor diameter 


of ring gages and major diameter of plug gages shall be trun- "TABLE A2-1—Thread Flats 


cated 0.20p minimum to 0.25p maximum producing the mini- <r | FP G 
mum and maximum widths of flats specified in Table A2-1. 

All other thread dimensions shall be within tolerances specified 27 0.0086 0.0107 
for the American (National) Standard Pipe Thread Working 18 0.0128 0.0160 
Plug Gages (ASA B2.1-1945). Other gage details shall conform 14 0.0165 0.0206 
to American Gage Design Standards published in Commercial 4 ae ape 


Standard C88. 
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Dryseal American (National) Taper Pipe Thread (L:) Length Plug Gages 


y L3tl > 
Taper 0.75 in l2~\eG-s x 
Tat CL . 
1 
WS b, E; eos 
i} 
KS | ie Magee ser. } 
30°Chamter o. \e Taper or Straight with 
to Minor diam | B | Undercut Optiona/ 


TABLE A3—Basic Dimensions of Dryseal American (National) Taper Pipe Thread (L3) Basic-Notch Length Plug Gages 


SMALL END RELIEF DIAMETER ; 
. [Es + (0.0625 X 4p) — sHarP-V THD | FOUR THREADS, STANDARD NOTCH aaNee ONeHR NOTCH DEPTH, J 
| SIZE Pitch Major HGT — 0.020 To 0.025 BELOW SHARP PLUS 3 THREADS B : +0.005 
| diameter. diameter ,* Root] +0.005 (Ls + £) (Ls + Li) —0.000 
| Been Die F —0.000 
} 146-27 0.2642 0.2815 0.216 0.1482 0.2711 34 0.030 
; Vg -27 0.3566 0.3738 0.309 0.1482 0.2911 1349 0.030 
44 -18 0.4670 0.4928 0.409 0.2222 0.3667 4 0.030 
3g -18 : 0.6016 0.6275 0.542 0.2222 0.4067 Ke 0.030 
\y -14 0.7451 0.7783 0.676 0.2857 0.5343 14, 0.040 
| 34 -14 0.9543 0.9876 0.886 0.2857 0.5533 2385 0.040 
1 -11% 1.1973 1.2379 Ad Hoe 0.3478 0.6609 % 0.050 
14-11% 1.5408 1.5814 1.462 0.3478 0.6809- % 0.050 
Me ihe =111¢ 1.7798 1.8203 1.701 0.3478 0.6809 X% 0.050 
(2 -11% 2.2527 2.2932 2.174 0.3478 0.6969 % - 0.050 
216 -8 2.6961 2.7543 2.590 0.5000 1.0570 14 0.050 
3 «(8 3.3172 3.3754 3.214 0.5000 1.1410 1% 0.050 


4 Major diameter is based upon crest minimum truncation of 0.20 p. 


F Form of 
Clearance 
Optional 


Marking—In addition to the regular markings, Dryseal Ameri- 
can (National) Standard Taper Pipe Thread (L3) Plug Gages 
will be marked NPTF (Z3). 
Thread Form—The threads in all particulars excepting trunca- 
tion shall conform to American (National) Standard Taper Pipe 


Thread practice. Crests of threads at major diameter shall be TABLE A3-1—Thread Flats 


truncated 0.20p minimum to 0.25p maximum, producing the Perea tnTTN E G 
minimum and maximum widths of flat specified in Table A3-1. 
All other thread dimensions shall be within tolerances specified 27 0.0086 0.0107 
for the American (National) Standard Pipe Thread Working 18 0.0128 0.0160 
Plug Gages (ASA B2.1-1945). Other gage details shall conform to 14 0.0165 0.0206 
American Gage Design Standards published in Commercial ws eee sere 


Standard CS8. 
FF 


384 DRYSEAL PIPE THREADS 


Dryseal American (National) Standard Taper Pipe Thread (L,) Step-Limit Thin-Ring Gages 


TABLE A4—Basic Dimensions of Dryseal American (National) Standard Taper Pipe Thread (Li) Step-Limit Thin-Ring Gages 


(Li) STEP-LIMIT THIN-RING GAGES 
cee Tr Ponies nnn Pitch ee, Lert am Eich peop pe en hope B 
Ii-—> Ii+? ; 
V4 6-27 0.1600 0.12296 0.19704 0.28118 0.26392 0.27118 0.25392 3 
Yg -27 0.16148 0.12444 0.19852 0.37360 0.35634 0.36351 0.34625 154 
yy -18 0.22778 0.17222 0.28333 0.49163 0.46574 0.47739 0.45150 1%. 
34 -18 0.2400 0.18444 0.29556 0.62701 0.60112 0.61201 0.58712 2340 
Wg -14 0.3200 0.24857 0.39143 0.77843 0.74514 0.75843 0.72514 % 
34 -14 0.3390 0.26757 0.41043 0.98887 0.95558 0.96768 0.93439 1349 
1 -11% 0.4000 0.31304 0.48696 1.23863 1.19810 1.21363 1.17310 1142 
1% -1134 0.4200 0.33304 0.50696 1.58338 1.54285 1.55713 1.51660 16 
1% -11% 0.4200 0.33304 0.50696 1.82234 1.78181 1.79609 1.75556 11%6 
2 -11% 0.4360 0.34904 0.52296 2.29627 2.25574 2.26902 2.22849 216 
214 -8 0.6820 0.55700 0.80700 2.76216 2.70391 2.71953 2.66128 Ud, 
3 «(-8 0.7660 0.64100 0.89100 3.38850 3.33025 3.34062 3.28237 3%6 
* Minor diameter is based on crest minimum truncation of 0.20 p. 
Marking—In addition to the regular markings, Dryseal Ameri- G >| Ik sabe e 3, 
can (National) Standard Taper Thread Ring Gages will be o Optional 
marked NPTF (J,) on the entering side of gage. 
Thread Form—The threads in all particulars excepting trunca- 
tion shall conform to American (National) Standard Taper Pipe TABLE A4-1—Thread Flats 
Thread practice. Crests of threads at the minor diameter shall THREADS PER IN. F G 
be truncated 0.20p minimum to 0.25p maximum, producing the 
minimum and maximum widths of flat specified in Table A4-1. 27 0.0086 0.0107 
All other thread dimensions shall be within tolerances specified 18 0.0128 0.0160 
for the American (National) Standard Pipe Working Gages 14 0.0165 0.0206 
(ASA B2.1-1945). Other gage details shall conform to American 1174 0.0201 0.0251 
Gage Design Standard published in Commercial Standard CS8. : eae _ 


DRYSEAL PIPE THREADS 


Dryseal American (National) Standard Taper Pipe Thread (L») Step-Limit Full-Ring Gages 


GO"C hamfer 
to Major oliam 


a 
x 


TABLE A5—Basic Dimensions of Dryseal American (National) Standard Taper Pipe Thread (L»2) Step-Limit Full-Ring Gages 


(Le) STEP-LIMIT FULL-RING GAGES 
size Max PD Min PD Pitch diameter at 
Ihe gaging step gaging step Pitch diameter, Minor diameter at | Zi from min PD Minor diameter at ial Sor: B 
2 large end® gaging step small end c’bore' 
I2—p I2+ p i 
VY 6-27 0.26113 0.22409 0.29817 0.28750 0.27024 0.27886 0.26160 0.08592 34 
yy -27 0.26385 0.22681 0.30089 0.38000 0.36274 0.37244 0.35518 0.08740 1569 
yy -18 0.40178 0.34622 0.45734 0.50250 0.47661 0.48642 0.46053 0.11666 1% 
3g -18 0.40778 0.35222 0.46334 0.63750 0.61161 0.62354 0.59765 0.12888 2340 
Wy -14 0.53371 0.46228 0.60514 0.79179 0.75850 0.77396 0.74067 0.17714 % 
34 -14 0.54571 0.47428 0.61714 1.00179 0.96850 0.98440 0.95111 0.19614 1349 
1 -111% | 0.68278 0.59582 0.76974 1.25630 1.21577 1.23320 1.19267 0.22608 | 1114. 
144 -11% | 0.70678 0.61982 0.79374 1.60130 1.56077 1.57794 1.53741 0.24608 | 1146 
14 -11)% | 0.72348 0.63652 0.81044 1.84130 1.80077 1.81690 1.77637 0.24608 | 1154, 
2 -1114 | 0.75652 0.66956 0.84348 2.31630 2.27577 2.29084 2.25031 0.26208 | 214 
24 -8 1.13750 1.01250 1.26250 2.79062 2.73237 2.75434 2.69609 0.43200 | 21546 
3 (8 1.20000 1.07500 1.32500 3.41562 3.35737 3.38068 3.32243 0.51600 | 3%6 
* Minor diameter is based on crest minimum truncation of 0.20 p. 
1 
| 
| 
>| Ik Form of 
fF Clearance 
| Marking—In addition to the regular markings, Dryseal Ameri- Optional 
can (National) Standard Taper Pipe Thread Ring Gages will be 
marked NPTF (Z») on the entering side of gage. 
Thread Form—The threads in all particulars excepting trunca- : 
tion shall conform to American (National) Standard Taper Pipe Caer So Nace atch 
_ Thread practice. Crests of threads at the minor diameter shall be THREADS PER IN. F G 
| truncated 0.20p minimum to 0.25p maximum, producing the ay = 
minimum and maximum widths of flat specified in Table A5-1. 27 0.0086 0.0107 
All other thread dimensions shall be within tolerances specified 18 0.0128 0.0160 
for the American (National) Standard Pipe Working Gages Us 0.0165 0.0206 
_ (ASA B2.1-1945). Other gage details shall conform to American ee oe aan 
_ Gage Design Standard published in Commercial Standard CSS8. : : 


386 DRYSEAL PIPE THREADS 
Dryseal American (National) Standard Taper Pipe Thread (L;) Step-Limit Plug Gages 
Taper lock design, range 1¢ to 3 in., inclusive 
La 
L)*p 
es Pe Ng eee acl eee ee = 
’ 
' 
(N| | ! 
: : : ! 
CS ii : 
| 
t 
POR GE EAE Ae ee a 
90 Chapfer L \e| Undercut Optiona/ 
to Minor diam <> )-/p (See Note b) | 
TABLE A6—Basic Dimensions of Dryseal American (National) Standard Taper Pipe Thread (In) Step-Limit Plug Gages 
| SMALL END MIN PD GAGING STEP MAX PD GAGING STEP LARGE END 
pe < = Pitch M Pitch Pitch Pitch Maj 
t t 
areca Eo dace Li-? diameter Lit? Genie dinmetert E2 diemeta™ 
VY 6-27 0.1600 0.26113 0.27118 0. 28844 0.12296 0.27887 0.19704 0.28350 0.28750 0.30476 
Vg -27 0.16148 0.26385 0.36351 0.38077 0.12444 0.37129 0.19852 0.37592 0.38000 0.39726 
4 -18 0.22778 0.40178 0.47739 0.50328 0.17222 0.48815 0.28333 0.49510 0.50250 0.52839 
3g -18 0.2400 0.40778 0.61201 0.63790 | 0.18444 0.62854 0.29556 0.63048 0.63750 0.66339 
iy -14 0.3200 0.53371 0.75843 0.79170 0.24857 0.77397 0.39143 0.78289 0.79179 0.82506 
34 -14 0.3390 0.54571 0.96768 1.00095 0.26757 0.98441 0.41043 0.99333 1.00179 1.03506 
1 -11% 0.4000 0.68278 1.21363 1.25416 0.31304 1.23320 0.48696 1.24407 1.25630 1.29683 
14 -11% 0.4200 0.70678 1.55713 1.59766 0.338304 1.57795 0.50696 1.58882 1.60130 1.64183 
14% -114% 0.4200 0.72348 1.79609 1.83662 0.33304 1.81691 0.50696 1.82778 1.84130 1.88183 
2 -11% 0.4360 0.75652 2.26902 2.30955 0.34904 2.29084 0.52296 2.30171 2.31630 2.35683 
244 -8 0.6820 1.13750 2.71953 2.77778 0.55700 2.75435 0.80700 2.76997 2.79062 2.84887 
3-8 0.7660 1.20000 3.34062 3.39887. 0.64100 3.38069 0.89100 3.39631 3.41562 3.47387 
® Major diameter is based on crest minimum truncation of 0.20 p 
Maximum and minimum pitch-diameter steps are gaging mits, Notch formulas on drawing apply to all sizes. 
Form of 
Fl Clea 
salle / Serra 
Marking—In addition to the regular markings, Dryseal Ameri- 
can (National) Standard Taper Pipe Thread (Z;) Plug Gages will 
be marked NPTF (1). 
Thread Form—The threads in all particulars excepting trunca- 
tion shall conform to American (National) Standard Taper Pipe z 
Thread practice. Crests of threads at major diameter shall be ABLE Ati Tirradeiiae 
truncated 0.20p minimum to 0.25p maximum, producing the THREADS PER IN. PF G 
minimum and maximum widths of flat specified in Table A6-1. 
All other thread dimensions shall be within tolerances specified 27 0.0086 0.0107 
for the American (National) Standard Pipe Thread Working 18 0.0128 0.0160 
Plug Gages (ASA B2.1-1945). Other gage details shall conform to a per 
American Gage Design Standards published in Commercial me 0. 0289 0. 0361 


Standard C88. 


DRYSEAL PIPE THREADS 


Dryseal American (National) Standard Taper Pipe Thread (L;) Length Step-Limit Plug Gages 


L3+L,4¢p<— 
: ae or Straight with 
Undercut Optrona/ 


30°Chamfer 


to Minor oliam Latl)-p (See Note b) 


> 

L/ 
| 
I 
' 
! 
! 
! 
| 
| 
! 
| 
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ee we we me a a a a Fe we ee ew eS 


a 
XS 
a 
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| TABLE A7—Basic Dimensions of Dryseal American (National) Standard Taper Pipe Thread (L;) Length Step-Limit Plug Gages 


SMALL END RELIEF DIAMETER 
| {Es + (0.0625 X 4p) — sHARP-V | FOUR THREADS, | MIN PD Gacinc step | mMAXx PD GAGING STEP - NOTCH 
SIZE Pitch Aiaior THD HGT — 0,020 To 0.025 BELOW PLUS 3 THREADS PLUS 3 THREADS avg 
diameter diameter,® SHARE penal ot SANs: (Ls + 2) (Ls + Li — 9) (Le + Li + ?) oto 
ay Es Ds’ mee ; 
| me 246-27 0.2642 0.2815 0.216 0.1482 0.2341 0.3082 36 0.030 
| lg -27 0.3566 0.3738 0.309 0.1482 0.2355 0.3097 1349 0.030 
\% -18 0.4670 0.4928 0.409 0.2222 0.3389 0.4500 My 0.030 
. 3¢ -18 0.6016 0.6275 0.542 0.2222 0.3511 0.4622 Ke 0.030 
| \ yg -14 0.7451 0.7783 0.676 0.2857 0.4628 0.6057 Wy, 0.040 
34 -14 0.9543 0.9876 0.886 0.2857 0.4818 0.6247 2340 0.040 
| 1 -114 1.1973 1.2379 1.118 0.3478 0.5739 0.7478 % 0.050 
| 144-1144 | 1.5408 1.5814 1.462 0.3478 0.5939 0.7678 1% 0.050 
1 -11% 1.7798 1.8203 1.701 0.3478 0.5939 0.7678 14 0.050 
2 -114% 2.2527 2.2932 2.174 0.3478 0.6099 0.7838 i | 0.050 
214 -8 2.6961 2.7543 2.590 0.5000 0.9320 1.1820 1% | 0.050 
| 38 -8 3.3172 3.8754 3.214 0.5000 1.0160 1.2660 1% 0.050 
| ® Major diameter is based upon crest minimum truncation of 0.20p. 
| Maximum and minimum pitch-diameter steps are gaging limits. Notch formulas on drawing apply to all sizes. 
| ( 
1 
| 
| 
e. as 
; my ‘orm oO} 
| Clearance 
G >| IK Gctioeas 
Marking—In addition to the regular markings, Dryseal Ameri- 
can (National) Standard Taper Pipe Thread (Ls) Plug Gages 
will be marked PTF (Ls). 
Thread Form—The threads in all particulars excepting trunca- 
tion shall conform to American (National) Standard Taper Pipe 
Thread practice. Crests of threads at major diameter shall be eS oe 
truncated 0.20p minimum to 0.25p maximum, producing the THREADS PER IN. F G 
minimum and maximum widths of flat specified in Table A7-1. 
9 All other thread dimensions shall be within tolerances specified 27 0.0086 0.0107 
i: for the American ‘(National) Standard Pipe Thread Working 18 0.0128 0.0160 
Plug Gages (ASA B2.1-1945). Other gage details shall conform to fi Oot Pidoet 
American Gage Design Standards published in Commercial a 0. 0289 0. 0361 


Standard CS8. 
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Dryseal SAE Short Taper Pipe Thread (L; Short) Step-Limit Thin-Ring Gages 


30° Chamfer | Ons 
to Mayor iam \ 


E; 


rc 


Ly Short+p | 


TABLE A8—Basic Dimensions of Dryseal SAE Short Taper Pipe Thread (Li Short) Step-Limit Thin-Ring Gages 


(Zi SHORT) STEP-LIMIT THIN-RING GAGES ] 


SIZE Max PD Min PD ae Es ge oi Pitch di nares 
ip fener gaging step gaging step Pitch 7 Tesora at ain PD gating step, mie reser at 
In short — 4p Ii short+p | 
VY 6-27 0.12296 0.10444 0.16000 0.28118 0.26392 0.27118 0.25392 
VY -27 0.12446 0.10593 0.16148 0.37360 0.35634 0.36351 0.34625 
yy -18 0.17224 0.14445 0.22778 0.49163 0.46574 0.47739 0.45150 
3g -18 0.18444 0.15667 0.24000 0.62701 0.60112 0.61201 0.58712 
lg -14 0.24857 0.21286 0.32000 0.77843 0.74514 0.75843 0.72514 
34 -14 0.26757 0.23186 0.33900 0.98887 0.95558 0.96768 0.93439 
1 -114% 0.31304 0.26957 0.40000 1.23863 1.19810 1.21363 1.17310 
1% -114% 0.33304 0.28957 0.42000 1.58338 1.54285 1.55713 1.51660 
1% -11% 0.33304 0.28957 0.42000 1.82234 1.78181 1.79609 1.75556 
2 -114 0.34904 0.30557 0.43600 2.29627 2.25574 2.26902 2.22849 
214 -8 0.55700 0.49450 0.68200 2.76216 2.70391 2.71953 2.66128 
3 -8 0.64100 0.57850 0.76600 3.38850 3.33025 3.34062 3.28237 
* Minor diameter is based on crest minimum truncation of 0.20p. 
Marking—In addition to the regular markings, Dryseal SAE G > Ic a of 
Short Taper Pipe Thread Ring Gages will be marked PTF— F Opfiapale 


SAE Short (J, Short) on the entering side of gage. 
Thread Form—The threads in all particulars excepting trunca- 


tion shall conform to American (National) Standard Taper Pipe TABLE A8-1—Thread Flats 


Thread practice. Crests of threads at the minor diameter shall be THREADS PER IN. F G 

truncated 0.20p minimum to 0.25p maximum, producing the =I eT TS ee 

minimum and maximum widths of flat specified in Table A8-1. 27 0.0086» 0.0107 
All other thread dimensions shall be within tolerances specified 18 0.0128 0.0160 

for the American (National) Standard Pipe Working Gages 1 0.CI86 i 

(ASA B2.1-1945). Other gage details shall conform to American 1174 0,07a1 pe 


Gage Design Standard published in Commercial Standard CS8. 


DRYSEAL PIPE THREADS 389 
Dryseal SAE Short Taper Pipe Thread (L2 Short) Step-Limit Full-Ring Gages 
/ 
| Lo Short-3 Pp 
; i 
| x-L, Short-/5 p 
co] 
30° Chamfer 
to Major diam 
as x. BC 
Y \ Aiam 
VI, 2 Short + p 
TABLE A9—Basic Dimensions of Dryseal SAE Short Taper Pipe Thread (L2 Short) Step-Limit Full-Ring Gages 
(L2 SHORT) STEP-LIMIT FULL-RING GAGES 
SIZE Max PD Min PD Pitch diameter at 
Ll gaging step gaging step Pitch diameter, | Minor diameter at | Zi short — 1% p | Minor diameter at | Ly short 
short Ey large end® from min PD small end c’bore® —i%»p B 
L2 short — 4p L2 short + p gaging step, Ez 
YY 6-27 0.2241 0.20557 0.26113 0.28750 0.27024 0.27886 0.26160 0.06740 36 
Vg -27 0.2268 0.20829 0.26385 0.38000 0.36274 0.37244 0.35518 0.06890 1545 
Vy -18 0.3462 0.31845 0.40178 0.50250 0.47661 0.48642 0.46053 0.08891 1%. 
3g -18 0.3522 0.32445 0.40778 0.63750 0.61161 0.62354 0.59765 0.10111 2360 
Wg -14 0.4623 0.42657 0.53371 0.79179 0.75850 0.77396 0.74067 0.14143 % 
34 -14 0.4743 0.43857 0.54571 1.00179 0.96850 0.98440 0.95111 0.16043 1340 
1 -114| 0.5958 0.55235 0.68278 1.25630 1.21577 1.23320 1.19267 0.18260 | 1114. 
14% -111¢ 0.6198 0.57635 0.70678 1.60130 1.56077 1.57794 1.53741 0.20260 | 116% 
14% -11144| 0.6365 0.59305 0.72348 1.84130 1.80077 1.81690 1.77637 0.20260 11546 
2 -1134| 0.6695 0.62609 0.75652 2.31630 2.27577 2.29084 2.25031 0.21860 | 24% 
24 -8 1.0125 0.95000 1.13750 2.79062 2.73237 2.75434 2.69609 0.36950 | 2154, 
3 (8 1.0750 1.01250 1.20000 3.41562 3.35737 3.38068 3.32243 0.45350 | 3%6 


® Minor diameter is based on crest minimum truncation of 0.20 p. 


_ Marking—In addition to the regular markings, Dryseal SAE 


Short Taper Pipe Thread Ring Gages will be marked PTF— 


SAE Short (Ze. Short) on the entering side of gage. 


Thread Form—The threads in all particulars excepting trunca- 
tion shall conform to American (National) Standard Taper Pipe 


Al, 


AG of 


pees 
Optional 


TABLE A9-1—Thread Flats 


Thread practice. Crests of threads at the minor diameter shall be 
truncated 0.20p minimum to 0.25p maximum, producing the 
minimum and maximum widths of flat specified in Table A9-1. 

All other thread dimensions shall be within tolerances specified 
for the American (National) Standard Pipe Working Gages 
(ASA B2.1-1945). Other gage details shall conform to American 
Gage Design Standard published in Commercial Standard CS8. 


THREADS PER IN. F G 
27 0.0086 0.0107 
18 0.0128 0.0160 
14 0.0165 0.0206 
114% 0.0201 0.0251 
8 0.0289 0.0361 
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Dryseal SAE Short Taper Pipe Thread and Dryseal American (National) Standard Fuel Internal Straight Pipe Thread (L; Short) Step- 


Limit Plug Gages 


Taper lock design, range }¢ to 2 in., inclusive 


JO °Chamfer—s 


\Y Undercut Optiona/ 
Fo MINOP DOR aE osteo 


TABLE Al0—Basic Dimensions of Dryseal SAE Short. Taper Pipe Thread and Dryseal American (National) Standard Fuel Internal 
Straight Pipe Thread (Li Short) Step-Limit Plug Gages 


SMALL END MIN PD GAGING STEP MAX PD GAGING STEP LARGE END 
SIZE Li SHORT Le 
Pitch diam- Major Ly short Pitch Ly short Pitch Pitch diameter, Major 
eter , Eo diameter* —p diameter +? diameter 2 iameter®* 
V4 6-27 0.12296 0.26113 0.27118 0.28844 0.10444 0.27771 0.16000 0.28118 0.28750 0.30476 
Vg -27 0.12444 0.26385 0.36351 0.38077 | 0.10592 0.37013 0.16148 0.37360 0.38000 0.39726 
yy -18 0.17222 0.40178 0.47739 0.50328 0.14444 0.48642 0.22778 0.49163 0.50250 0.52839 
3g -18 0.18444 0.40778 0.61201 0.63790 0. 15667 0.62180 0.24000 0.62701 0.63750 0.66339 
yy -14 0.24857 0.53371 0.758438 0.79170 0.21286 0.77174 0.32000 0.77848 0.79179 0.82506 
34 -14 0.26757 0.54571 0.96768 1.00095 0.23186 0.98218 0.33900 0.98887 1.00179 1.03506 
1 -11% 0.31304 | 0.68278 1.21363 1.25416 0.26957 1.23048 0.40000 1.23863 1.25630 1.29683 
144 -11¢° 0.33304 0.70678 1.55713 1.59766 0.28957 1.575238 0.42000 1.58338 1.60130 1.64183 
1¥g -11%e 0.33304 0.72348 1.79609 1.83662 0.28957 1.81419 0.42000 1.82234 1.84130 1.88183 
2 -11l¢e 0.34904 0.75652 2.26902 2.30955 0.30557 2.28812 0.43600 2.29627 2.31630 2.35683 
216 -8° 0.55700 1.13750 2.71953 2.77778 0.49450 2.75044 0.68200 2.76216 2.79062 2.84887 
3 -8° 0.64100 1.20000 3.34062 3.39887 0.57850 3.37678 0.76600 3.38850 3.41562 3.47387 
ke wee or cues is based snot emcee truncation of 0.20 p. 
is of 0.20 p. i 
ae . fees Sat nb ee ene ee steps are gaging limits. Notch formulas on drawing apply to all sizes. 
F [formof 
M arking—In addition to the regular markings, Dryseal SAE 6 >| Pieces 
Short Taper Pipe Thread Z; Short Plug Gages will be marked \\ 
PTF—SAE Short (Z; Short). Dryseal American (National) Stand- \\ 
ard Fuel Internal Straight Pipe Thread Taper Plug Gages will be 
marked NPSF (Zy Short). 
Thread Form—The threads in all particulars excepting trunca- 
tion shall conform to American (National) Standard Taper Pipe 
Thread practice. Crests of threads at major diameter shall be BESO AOS mee an 
truncated 0.20p minimum to 0.25p maximum, producing the THREADS PER IN. F G 
minimum and maximum widths of flat specified in Table A10-1. 
All other thread dimensions shall be within tolerances specified 27 0.0086 0.0107 
for the American (National) Standard Pipe Thread Working 18 0.0128 0.0160 
Plug Gages (ASA B2.1-1945). Other gage details shall conform to i pee eee 
American G Design Sti g i i cor : E 
an Gage Design Standards published in Commercial 8 0.0289 0.0361 


Standard C88. 
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Dryseal SAE Short Taper Pipe Thread (L; Short) Length Step-Limit Plug Gages 
’ L3¢L, Short 7 p~ 
We " P - 
Taper 0.75 in [2 Taper or Straight with 
Undercut Optional 
swmemeie ST REL TS EN EA et OS : 
t 
| 
(Ae N | 
@ = On anaea ar 
WEY 
— eer ee eee ee ee ee ee ee ee ee ee ew eee <_< <2 <7 == om me 
) 
30 Chamfer B 
i TV / 
to Minor a L3tl, Shor+-zp (See Note b) 
TABLE Ali—Basic Dimensions of Dryseal SAE Short Taper Pipe Thread (Ls Short) Length Step-Limit Plug Gages 
SMALE END RELIEF DIAMETER [E3 + (0.0625 X MIN PD GAcinG step | MAx PD GAGING STEP | BLANK BORG 
4p) — sHARP-V THD HGT — 0.020 OUR THREADS, : D Pej 
pate Pitch diameter, Major diam- a 0.025 seLow staKP noon] F *@ (Ls +3) Se oa Sere ee By i as 0.065 
a3 eter,® r r , 
V4 6-27 0.2642 0.2815 0.216 0.1482 0.2156 0.2711 3¢ 0.0380 
1g -27 0.3566 0.3738 0.309 0.1482 0.2170 0.2726 1345 0.030 
14 -18 0.4670 0.4928 0.409 0:2222 0.3112 0.3945 Vy 0.030 
3g -18 0.6016 0.6275 0.542 0.2222 0.3233 0.4067 AG 0.030 
1g -14 0.7451 0.7783 0.676 0.2857 0.4271 0.5348 lV, 0.040 
34 -14 0.9543 0.9876 0.886 0.2857 0.4462 0.5533 2365 0.040 
1 -11% 1.1973 1.2379 1.118 0.3478 0.5304 0.6609 1% 0.050 
14 -114 1.5408 1.5814 1.462 0.3478 0.5504 0.6809 i 0.050 
1 -114% 1.7798 1.8203 1.701 0.3478 0.5504 0.6809 14 0.050 
2 -lillg Beton’ 2.2932 2.174 0.3478 0.5664 0.6969 1% 0.050 
216 -8 2.6961 2.7543 2.590 0.5000 0.8695 1.0570 1% 0.050 
3 8 3.3172 3.3754 3.214 0.5000 0.9535 1.1410 14 0.050 


he Major diameter is based upon crest minimum truncation of 0.20 


Dp. 
Maximum and minimum pitch-diameter steps are gaging limits. Notch formulas on drawing apply to all sizes. 


Marking—In addition to the regular markings, Dryseal SAE 
Short Taper Pipe Thread (L3) Plug Gages will be marked PTF— 
SAE Short (Zs Short). 

Thread Form—The threads in all particulars excepting trunca- 
tion shall conform to American (National) Standard Taper Pipe 
Thread practice. Crests of threads at major diameter shall be 
truncated 0.20p minimum to 0.259 maximum, producing the 
minimum and maximum widths of flat specified in Table A11-1. 

All other thread dimensions shall be within tolerances specified 
for the American (National) Standard Pipe Thread Working 
Plug Gages (ASA B2.1-1945). Other gage details shall conform to 
American Gage Design Standards published in Commercial 
Standard C88. 


Form of 


Optional 


F Clearance 
al 


TABLE A11-1—Thread Flats 


THREADS PER IN, F 
27 0.0086 0.0107 
18 0.0128 0.0160 
14 0.0165 0.0206 
11% 0.0201 0.0251 
8 0.0289 0.0361 
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Dryseal American (National) Intermediate Internal Straight Pipe Thread (L;) Step-Limit Plug Gages 
Taper lock design, range }¢ to 1 in., inclusive 
aa oe SS ee\= a mee ewe eee ee es Oe ees eee ty 
| 1 
\ 
(2 \ I | 
(5) SOL Le eee ee 
Q E, 
WY : 
| 
| 
ue Narre ntecteale 8 ab NILE toc NN costae nae i 
5 | ae Optiona/ 
30° Chamfer 
to Minor diam \<—>tL,- 20 ( See Note b) 
TABLE A12—Basic Dimensions of Dryseal American (National) Intermediate Internal Straight Pipe Thread (Li) 
Step-Limit Plug Gages 
SMALL END MIN PD GAGING STEP MAX PD GAGING STEP LARGE END 
E L; Is = : : 3 
a ae ps aaee qe I, — 4p Pitch diameter} Li + p Pitch diameter pe eee aos 
YY 6-27 0.1600 0.26113 0.27118 0.28844 0.14148 0.28003 0.19704 0.28350 0.28750 0.30476 
Lg -27 0.16148 0.26385 0.36351 0.38077 0.14296 0.37245 0.19852 0.37592 0.38000 0.39726 
Yy% -18 0.22778 0.40178 0.47739 0.50328 |. 0.20000 0.48989 0.28333 0.49510 0.50250 0.52839 
3¢ -18 0.2400 0.40778 0.61201 0.63790 0.21223 0.62527 0.29556 0.63048 0.63750 0.66339 
yg -14 0.3200 0.53371 0.75843 0.79170 0.28429 0.77619 0.39143 0.78289 0.79179 0.82506 
34 -14 0.3390 0.54571 0.96768 1.00095 0.30329 0.98663 0.41043 0.99333 1.00179 1.03506 
1 -114% 0.4000 0.68278 1.21363 1.25416 0.35653 1.23592 0.48696 1.24407 1.25630 1.29683 
14% -1144° 0.1200 0.70678 | 1.55713 1.59766 0.37653 1.58066 0.50696 1.58882 1.60130 1.64183 
1¥g -11%° 0.1200 0.72348 1.79609 1.83662 0.37653 1.81962 0.50696 1.82778 1.84130 1.88183 
2 -llwe 0.4360 0.75652 2.26902 2.30955 0.39253 2.29355 0.52296 2.30171 2.31630 2.35683 
2146 -8¢ 0.6820 1.13750 2.71953 2.77778 0.61950 2.75825 0.80700 2.76997 2.79062 2.84887 
3 -8° 0.7660 1.20000 3.34062 | 3.39887 0.70350 3.38459 0.89100 3.39631 3.41562 3.47387 
\ \ 
4 Major diameter is based on crest minimum truncation of 0.20 
Maximum and minimum pitch-diameter steps are gaging limite . Notch formulas on drawing apply to all sizes . 
° For reference only. 
Form of 
F Clearance 
6 3 IK efiondl 
Marking—In addition to the regular markings, Dryseal SAE 
Intermediate Internal Straight Pipe Thread Taper Plug Gages 
will be marked NPSI (Iy). 
Thread Form—The threads in all particulars excepting trunca- 
tion shall conform to American (National) Standard Taper Pipe 
Thread practice. Crests of threads at major diameter shall be ERBEE All Tir eae iias 
truncated 0.20p minimum to 0.25p maximum, producing the THREADS PER IN. F G 
minimum and maximum widths of flat specified in Table A12-1. : 
All other thread dimensions shall be within tolerances specified 27 0.0086 0.0107 
for the American (National) Standard Pipe Thread Working 18 0.0128 0.0160 
Plug Gages (ASA B2.1-1945). Other gage details shall conform to if 0.0165 0.0206 
American Gage Design Standards published in Commercial 1174 0.0201 0.0251 
Standard CSs. 8 0.0289 0.0361 
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Appendix B 


External Cut Thread Blanks, Drilled Hole Sizes, Hole Depths, 
Full Thread Lengths, Tap and Chaser Tooth Form, and Taps— 
While production taps will usually be purchased to specification, 
occasions may arise requiring adaptation of taps, dies, or chasers 
at hand. 

American (National) Standard Taper Taps, Dies, or Chasers 
(NPT) may be adapted for producing the Dryseal American 
(National) Standard Taper Pipe Threads (NPTF) by truncating 
the outside diameter of taps and the inside diameter of dies or 
chasers the amount necessary to obtain flats shown in Table 


_ B83 for producing the limits on the product specified in Table 


1. The pitch diameter of taps and dies or chasers so modified 
will remain standard. American (National) Standard Coupling 
Straight Pipe Taps (NPSC) used for tapping the American (Na- 


tional) Standard Coupling Straight Pipe Thread (NPSC), with 
the exception of one size only, may be adapted for tapping 
the Dryseal American (National) Intermediate Straight Pipe 
Thread (NPSI) by truncating the outside diameter the amount 
necessary to obtain flats shown in Table B3 for producing the 
limits on the product shown in Table 1. The exception is the 14—- 
18 in. size which has a minimum pitch diameter under that re- 
quired. With the exception of one size only, taps designed to 
other standards cannot be adapted for tapping the Dryseal 
American (National) Fuel Straight Pipe Thread (NPSF). The 
exception is the 1¢-27 in. American (National) Standard Grease 
Fitting Tap (NPSG) which, if made in conformity with Tap 
Manufacturers’ Standards of 1939 to 1941 issue, may be used 
without change for tapping of the 1-27 in. Dryseal American 
(National) Fuel Straight Pipe Thread (NPSF). 


Dryseal American (National) Standard External Taper Pipe Thread Blanks, Cut Threads 


Taper 
0.75in.in/2in. 


This length taper or 
straight (Optional) 


TABLE Bl—Dimensions of Dryseal American (National) Standard External Taper Pipe Thread Blanks, Cut Threads 


Senora Faom SMALL END | SACEEND (Baste map | CEAMPER DiaMeren | umviwuateNonH FROM | | | aecoxeeNDED HOLE 

size SASS sina fe aE AT SMALL END) La+ (3 p APPROX) * te 

Dz +0.003 —0,000 A +0.003 —0.000 B +0.000 —}64 TL R,max H 

VY 6-27 0.315 0.301 1564 % Yeo as 
Yg -27 0.407 0.393 24 3% Mo 6 
yy -18 0.546 0.523 2a %e Yo %o 
3% -18 0.681 0.658 XK 6 Ke Ve 13f5 
Wy -14 0.850 0.820 lig 34 S64 Ke 
34 -14 1.060 1.029 2985 34 4a 230 
teil te 1.327 1.289 1% 1546 36> 1546 

14% -114% 1.672 1.633 1155 81Zo 3ho 14 
14g -1144 1.912 1.872 11}, 1 345 11542 
ri eshhy 2.387 2.345 25h5 1%» 3%» 11546 
oe 8 2.893 2.829 219% 13364 \% 2546 
Sa: 3.518 3.450 3%o 13764 4 229% 5 


* The hole sizes recommended represent a desirable maximum, strength of wall being considered. However, as considerations other than wall strength frequently control the 
hole size in specific applications, the recommendations should not be construed as a requirement of this Standard. 
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Pipe-Thread Drilled Hole Sizes for Dryseal American (National) Standard Internal Pipe Thread 


TABLE B2—Pipe-Thread Drilled Hole Sizes 


STRAIGHT PIPE THREAD 
Intermediate 
Fuel (NPSF) 
SIZE bt ee Min de- ae 
sired |for plug] _. 

Min | Drilled | Min | Drilled | length |end tap,) Min minor 

minor | hole size, | minor | hole size, | Of full sa diameter 

diame-| -+0.003' | diame-| +0.003' | thd Bo pe. 

ter® —0.001 ter —0.001 an lareeiend 
VY6-27 (0.2482) 0.2500 |0.2505) 0.2500 | 54, 1545 0.2480 
14g -27 10.3406) 0.3437 |0.3429| 0.3487 | 54, 1545} 0.3403 
Y%-18 0.4422) 0.4440 0.4457) 0.4440 | 1545 2345) 0.4417 
3¢ -18 0.5776) 0.5781 |0.5811) 0.5781 | 14 2345| 0.5771 
1g -14 10.7183} 0.7187 |0.7180| 0.7187 | 214, 15/6 0.7127 
34 -14 (0.9288; — 0.9283) — 2165 15/6} 0.9232 
1 -11144 |1.1600) — 1.1655, — 25459 | 1545 1.1593 
1%-11%) — == = — — — 1.5041 
1-114 | — = = = — | — | 1.7480 
2 -11% ae — — 2.2170 
24% -8 a= SS = = —_ — 2.6488 
38 -8 = = or = —_— — 3.2751 


TAPER PIPE THREAD page 
NPTF Commercial® NPTF? (taper 
(not reamed) reamed) %e 
Min de- Hole dents Pu 
: Min minor 5 Min de- ‘ sue Or stands 
Med | Mi Drilled | Min Ge | Drilled eter + 
hole ace, | Gameter | pore ets, (Sized minor] 100 cine | length of | ard tap Ma 
+0.003 4 thds +0.003' | diameter | “49 993 0,000 
—0.001 ee from | To.oo1 | 2tsmall | —ooo1 
0.2460 0.2484 0.2420 | 0.2356 | 0.2344 46 %6 46 
0.3390 0.3357 0.3320 | 0.3279 | 0.3281 He Ke 1340 
0.43875 0.4348 0.4290 | 0.4241 | 0.4219 1545 1346 3564 
0.5781 0.5702 0.5700 | 0.5587 | 0.5625 1g 1346 4364 
0.7031 0.7038 0.6960 | 0.6883 | 0.6875 2125 16 2180 . 
0.9219 0.9148 0.9062 | 0.8976_|. 0.8906 2140 146 134 
1.1562 1.1484 | 1.1406 | 1.1290 | 12-1250 2546 14 1546 
1.5000 1.4932 1.4844 | 1.4725 | 1.4687 13/6 146 12149 
1.7344 TBP P7198.) 17115) Le7031 13/6 146 12% 
2.2187 2.2061 2.2031 | 2.1844 | 2.1875 13/6 146 23¢ 
2.6406 2.6336 2.6250 | 2.5983 | 2.5987 | 114 12% | 22%e 
3.2656 3.2595 3.2500 | 3.2194 | 3.2187 | 11145 12945 | 31749 


*® NPTF commercial (not reamed) drilled hole sizes are recommended for taper tapping without reaming. Minimum minor diameter two threads small from large end and 
closest drilled hole sizes are reeommended only for low pressure use. Minimum minor diameter four threads small from large end and closest drilled hole sizes are recommended 
for, all pressures. Thread lengths so produced are designated ‘Effective Thread” on drawings 


b NPTF (taper reamed) drilled hole sizes are recommended for taper reaming before ta: 
to act as a reamer. Thread lengths so produced are designated ‘Full or Complete Threa' 


appre: “They also are used without taper reaming by taper drilling or allowing the tap 


on drawings. 


© Minimum minor diameter for internal straight pipe threads is based upon minimum pitch diameter and minimum truncation and will vary with the pitch diameter, 


NPSG (for oil and grease cup) is Dryseal American (National) 
Standard Pipe Thread Form—use NPSF tap drill sizes. 


The drilled hole sizes given above for Dryseal straight and 
taper internal pipe threads are the diameters produced by drills 
which are closest to the minimum minor diameters as shown in 
Table B2. 

They represent the diameters of the holes which would be cut 
with a twist drill correctly ground when drilling a material with- 
out tearing or flow of metal. This is approximately the condition 
obtained when a correctly sharpened twist drill is cutting a hole 
in SAE 1112 or 1118 steel, or SAE 72 brass. When Dryseal taps 
are used, these holes produce an acceptable pipe thread with 
the required thread height. 


When flat drills are used, the width of the cutting edge may 
have to be adjusted to produce a hole of the required diameter. 


When hard metals and other similar materials are to be drilled 


and tapped, it may be found necessary to use a drill of slightly 
smaller diameter to produce a hole of a size that will make it 
possible for the tap to cut an acceptable pipe thread with the 
required thread height. 

When soft metals and other similar materials are to be drilled 
and tapped, it may be found necessary to use a drill of slightly 
larger diameter to produce a hole of a size that will allow for a 
flow of the metal or material without loading the tap or tearing 
the material and make it possible for the tap to produce an ac- 
ceptable pipe thread with the required thread height. 

It should be understood that this table of drilled hole sizes is 
intended to help only the occasional user of drills in the applica- 
tion of this Standard. When internal pipe threads are produced 
in larger quantities in a particular type of material and with 
specially designed machinery, it may be found to be more ad- 
vantageous to use a drilled hole size not given in the table, even 
one requiring a nonstandard diameter drill size. 


ee eee 


TABLE B38—Widths of Flats 


THREADS PER IN. A B (Sf 
Vs 
27 0.004 0.005 0.002 
18 0.005 0.006 0.003 
14 0.005 0.006 0.003 
114 0.006 0.008 0.004 
8 0.008 0.010 0.006" 


; ® There is reason to doubt the correctness of the 8-pitch flat widths because of the 
| volume of metal to be displaced. 


pri eatin rahtenitmetnemnntenerte serine sl 


| TABLE B4—Dryseal Taper Pipe Taps for Dryseal American 
(National) Standard Internal Taper Pipe Thread, Ground 
\ Thread Limits 


PTF GAGE® MEASURE MAJOR-DIAMETER FLAT eee Te 
SIZE 
| Min Max Min Max Max 
| Vy 6-27 0.250 0.375 0.004 0.005 0.004 
ime 26 -27 0.250 | 0.375 | 0.004 | 0.005 0.004 
yy -18 0.397 0.521 0.005 0.006 0.005 
3g -18 0.392 0.516 0.005 0.006 0.005 
Vg -14 0.517 0.641 0.005 0.006 0.005 
| 34 -14 0.503 0.627 0.005 0.006 0.005 
meet 1146 0.584 0.772 0.006 0.008 0.006 
| 14% -11% 0.592 0.780 0.006 0.008 0.006 
1g -114% 0.605 0.793 0.006 0.008 0.006 
|e 2 113g | 0.573 | 0.761 | 0.006 | 0.008 0.006 
| 26 -8 0.831 1.019 0.008. 0.010 0.008 
| ee 0.831 | 1.019 | 0.008 | 0.010 0.008 
® Distance small end of tap projects beyond face of American (National) Stand- 
\ ard Thin-Ring Gage. 3 
| Minor diameter as specified or sharper. 


Chamfer—2 to 3 threads. 
Lead Tolerance—A maximum lead error of plus or minus 0.0005 
in. in 1 in. of thread is permitted. 
Angle Tolerance—Error in half angle of plus or minus 30 min 
is permitted. 
Taper Tolerance—A maximum taper error of plus or minus 
14> in. per ft is permitted. 
___ Marking—In addition to regular markings, Dryseal American 
_ (National) Standard Taper Taps will be marked NPTF. 
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Dryseal Pipe Thread Chasers and Taps for Dryseal American (National) Standard Pipe Thread 


B. Max Crest Flat 
A Min Crest Flat 


A He Min Crest Flat 
B Max Crest Flat 


ENLARGED SECTION OF TAP TEETH ENLARGED SECTION OF.CHASER TEETH 


TABLE B5—Dryseal Taper Pipe Taps for Dryseal SAE Short 
Internal Taper Pipe Thread, Ground Thread Limits 


PTF—SAE GAGE® MEASURE MAJOR-DIAMETER FLAT hepa 55 eos 
SHORT SIZE 
Min (6p) Max (7p) Min Max Max 

VY 6-27 0.222 0.259 0.004 0.005 0.004 

lg -27 0.222 0.259 0.004 0.005 0.004 

14 -18 0.333 0.389 0.005 0.006 0.005 

3g -18 0.333 0.389 0.005 0.006 0.005 

1g -14 0.429 0.500 0.005 0.006 0.005 

34 -14 0.429 0.500 0.005 0.006 0.005 


® Distance small end of tap projects beyond face of American (National) Stand - 
ard Thin-Ring Gage. 
Minor diameter as specified or sharper. 


Chamfer—11¢ to 2 threads. 

Marking—In addition to regular markings, Dryseal SAE 
Short Taper Taps will be marked PTF—SAE Short. 

Tolerances—Same as for Dryseal American (National) Stand- 
ard Taper Taps. 


(Tables continued on next page.) 
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TABLE B6—Dryseal Straight Pipe Taps for Dryseal American (National) Fuel Internal Straight Pipe Thread, 
Ground Thread Limits 


¥ITCH DIAMETER MAJOR-vIAMETER FLAT* MINOR-DIAMETER FLAT” MAJOR DIAMETER 
NPSF sizz 
Basic Min Max Min Max Max Basic Min Max 

Y6-27 0.2812 0.2767 0.2777 0.004 0.005 0.004 0.3108 0.3008 0.3018 
yg -27 0.3748 0.3691 0.3701 0.004 0.005 0.004 0.4044 0.3932 0.3942 
yy -18 0.4899 0.4854 0.4864 0.005 0.006 0.005 0.5343 0.5239 0.5249 
3g -18 0.6270 0.6208 0.6218 0.005 0.006 0.005 0.6714 0.6593 0.6608 
lg -14 0.7784 0.7707 0.7717 0.005 0.006 0.005 0.8356 0.8230 0.8240 
34 -14 0.9889 0.9807 0.9822 0.005 0.006 0.005 1.0460 1.0335 1.0345 
1 -11% 1.2386 1.2294 1.2305 0.006 0.008 0.006 1.3082 1,2933 1.2943 


® For reference only. Major-diameter flats specified may be slightly larger or smaller with extreme combinations of pitch diameter, major diameter, and half angle. 
> Minor diameter as specified or sharper. 


Chamfer—Plug end 3 to 5 threads, intermediate end 2 to 3 
threads, bottom end 114 to 2 threads. = 
Lead Tolerance—A maximum lead error of plus or minus 
0.0005 in. in 1 in. of thread is permitted. 
Angle Tolerance—Error in half angle of plus or minus 30 min Maximum Pitch Diameter equals the H, pitch diameter at 
permitted. large end of internal thread (Table 2) minus (small) 144 threads 
Marking—In addition to regular markings, Dryseal American taper. 
(National) Fuel Straight Pipe Taps will be marked NPSF. Minimum Pitch Diameter equals maximum pitch diameter 
Maximum Major Diameter equals minimum pitch diameter minus tolerance. 


plus sharp-V thread height’ minus twice tool crest minimum | 
truncation. 

Minimum Major Diameter equals maximum major diameter 
minus tolerance. 


TABLE B7—Dryseal Straight Pipe Taps for Dryseal American (National) Intermediate Internal Straight Pipe Thread, Ground 
Thread Limits 


PITCH DIAMETER MAJOR-DIAMETER FLAT® | MINOR-DIAMETER FLAT? MAJOR DIAMETER 
NPSI size 
Basic Min Max Min Max Max Basic Mia Max 

Vy 6-27 0.2812 0.2790 0.2800 0.004 0.005 0.004 0.3108 0.3031 0.3041 
Vg -27 0.3748 0.3714 0.3724 0.004 0.005 0.004 0.4044 0.3955 0.3965 
14 -18 0.4899 0.4889 0.4899 0.005 0.006 0.005 0.5343 0.5274 0.5284 
3¢ -18 0.6270 0.6243 0.6253 0.005 0.006 0.005 0.6714 0.6628 0.6638 
1 -14 0.7784 0.7752 0.7762 0.005 0.006 0.005 0.8356 0.8275 0.8285 
34 -14 0.9889 0.9857 0.9867 0.005 0.006 0.005 1.0460 1.0380 1.0390 
1 -114 1.2386 1.2348 1.2359 0.006 0.008 0.006 1.3082 1.2987 1.2997 


5 For reference only, Major-diameter flats specified may be slightly larger or smaller with extreme combinations of pitch diameter, major diameter, and half angle. 
Minor diameter as specified or sharper. 


Chamfer—Plug end 3 to 5 threads, intermediate end 2 to 3 
threads, bottom end 114 to 2 threads. 

Lead Tolerance—A maximum lead error of plus or minus 
0.0005 in. in 1 in. of thread is permitted. 

Angle Tolerance—Error in half angle of plus or minus 30 min 
permitted. 

Marking—In addition to regular markings, American (Na- 
tional) Intermediate Straight Pipe Taps will be marked NPSI. 

Maximum Major Diameter equals minimum pitch diameter 


plus sharp-V thread height minus twice tool crest minimum 
truncation. 

Minimum Major Diameter equals maximum major diameter 
minus tolerance. 

Maximum Pitch Diameter equals the H, pitch diameter at 
large end of internal thread (Table 2) minus (small) 14 thread 
taper. 

Minimum Pitch Diameter equals maximum pitch diameter 
minus tolerance. 


1 meme ici 


AVM Pe = ag A ORE 
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Wrench-Head Screw and Bolt Heads, 


Nuts, and Wrench Openings 


SAE Standard 


Report of Screw Threads Division approved June 1911 and ah eee January 1942, This SAE Standard conforms to American Standard Wrench- 


Head Bolts and Nuts and Wrench Openings, ASA B18.2-1 


[The original standard for regular automobile bolts and nuts 
was adopted by the Mechanical Branch of the Association of 
Licensed Automobile Manufacturers in conjunction with the 


standards at that time, and was continued until the first American 
Standard B18 for screw and bolt heads and nuts was adopted in 
1927. At this time, the SAE Standard was separated into two 


A a cee Meas 


standard series of ALAM screw threads, in April 1906. In June 
1911, this was adopted by SAE, which took over several ALAM 


OBO 


TABLE 1—Dimensions of Regular Bolt Heads, Unfinished, Square, and Hexagon 


(Text continued at top of next page.) 


WIDTH ACROSS FLATS WIDTH ACROSS CORNERS, MIN HEIGHT 
NOMINAL SIZE OR BASIC MAJOR 
DIAMETER OF THREAD 
Max (basic) Min Sq Hex Nom Max Min 

yy 0.2500 3% 0.3750 0.362 0.498 0.413 1le4 0.188 0.156 
He 0.3125 4 0.5000 0.484 0.665 0.552 1364 0.220 0.186 
3, 0.3750 %_ 0.5625 0.544 0.747 0.620 \Y 0.268 0.232 
146 0.4375 54 0.6250 0.603 0.828 0.687 1% 4 0.316 0.278 
A 0.5000 3% 0.7500 0.725 0.995 0.826 2Ve4 0.348 0.308 
Ke 0.5625 % 0.8750 0.847 1.163 0.966 34 0.396 0.354 
56 0.6250 1546 0.9875 0.906 1.244 1.033 276 4 0.444 0.400 
4 0.7500 1k 1.1250 1.088 1.494 1.240 yy 0.524 0.476 
1% (0.8750 146 1.3125 1.269 1.742 1.447 1925 0.620 0.568 
1 1.0000 1% 1.5000 1.450 1.991 1.653 2 0.684 0.628 
1 1.1250 116 1.6875 1.631 2.239 1.859 4% 0.780 0.720 
14 1.2500 1% 1.8750 1.812 2.489 2.066 27189 0.876 0.812 
13g 1.3750 26 2.0625 1.994 2.738 2.273 2240 0.940 0.872 
1% 1.5000 24% 2.2500 2.175 2.986 2.480 1 1.036 0.964 
15% 1.6250 274 6 2.4375 2.356 3.235 2.686 1349 1.132 1.056 
134 1.7500 - 23% 2.6250 2.538 3.485 2.8938 1542 1.196 1.116 
1% 1.8750 21346 2.8125 2.719 _ 8.733 3.100 1% 1.292 1.208 
2 2.0000 3 3.0000 2.900 3.982 3.306 11145 1.388 1.300 
214 2.2500 334 3.3750 3.262 4.479 3.719 14 1.548 1.452 
244 2.5000 334 3.7500 3.625 4.977 4.133 12léo 1.708 1.604 
234 =: 2.7500 41g 4.1250 3.988 5.476 4,546 113% 1.889 lerei 
3 3.0000 4le 4.5000 4.350 5.973 4,959 2 2.060 1.940 


Bearing surface shall be at right angles to the axis of the 
body of the bolt within a tolerance of 3 deg for 1-in. bolts or 
smaller and 2 deg for bolts larger than 1 in. and concentric with 
the axis of the body within a tolerance of 3% of maximum width 


Regular bolt heads are for general use. 

Unfinished bolt heads are not finished on any surface. 

Taper of the bolt heads (angle between one side and the axis) 
shall not exceed 2 deg, the specified width across flats being the 
largest dimension. 


Top of bolt heads shall be flat and chamfered; angle of cham- 
fer with top surface shall be 25 deg for square and 30 deg for 
hexagon; diameter of top circle shall be the maximum width 
across flats, within a tolerance of minus 15%. 


across flats. 

Maximum radius under head of bolts for sizes 14 to 14 in. 
shall be 142; for sizes 9{¢ to 1 in. shall be 146; for sizes 11¢ to 
2 in. shall be 14; for sizes 214 to 3 in. shall be 3/6. 
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(Continued from top of preceding page.) Table 20a is ASA Appendix Table 2, and SAE Table 20b is — 
Standards, one for screw threads and the other for screw and bolt ASA Appendix Table 3.] 
heads and nuts. 
The tables and data in the Standard are for screw and bolt heads 
and nuts commonly used in automotive products. They conform 
with the tables and data of ASA B18.2-1941, except that SAE (Text continued at top of next page.) 


Wrench Openings—The minimum wrench openings have been 
made to provide a positive clearance between maximum nut and 


TABLE 2—Dimensions of Regular Bolt Heads, Semifinished, Hexagon 


NOMINAL SIZE OR BASIC MAJOR Ee TO Ae eb a eee Ee 
DIAMETER OF THREAD 
Max (basic) Min Min Nom Max Min 
A 0.2500 3¢ 0.3750 0.362 0.413 540 0.172 0.140 
546 0.3125 lg 0.5000 0.484 0.552 46 0.205 0.171 
3¢ 0.3750 | %6 0.5625 0.544 0.620 1564 0.252 0.216 
Ke 0.4375 54 0.6250 0.603. 0.687 %o 0.300 0.262 
16 0.5000 %4 0.7500 0.725 0.826 19% 4 0.317 0.277 
Ke 0.5625 1% 0.8750 0.847 0.966 lio 0.365 0.323 
54 0.6250 14 0.9375 0.906 1.033 2564 0.4138 0.369 
34 0.7500 1lg 121250 1.088 1.240 1545 0.493 0.445 
1% 0.8750 146 Lol25 1.269 1.447 Ke 0.589 0.536 
1 1.0000 14g 1.5000 1.450 1.653 1%o 0.622 0.566 
1g 1.1250 | Wi, 1.6875 1.631 1.859 Ws 0.718 0.658 
114 1.2500 | 1% 1.8750 1.812 2.066 2560 0.813 0.749 
13¢ 1.3750 26 2.0625 1.994 2.273 2160 0.878 0.810 
11s 1.5000 . 214 2.2500 Poa WS) 2.480 15/6 0.974 0.902 
154 1.6250 21% 6 2.4375 2.356 2.686 1442 1.069 0.993 
134 1.7500 254 2.6250 2.538 2.893 1349 1.134 1.054 
1% 1.8750 21346 2.8125 2.719 3.100 1346 1.230 1.146 
2 2.0000 3 3.0000 2.900 3.306 l%o ; 1.263 L175 
214 2.2500 334 3.3750 3.262 3.719 134 1.423 Nae 47 
24 2.5000 334 3.7500 3.625 4.133 11%. 1.583 1.479 
234 2.7500 | Ale 4.1250 3.988 4.546 i, 1.744 1.632 
3 3.0000 | 4g 4.5000 4.350 4.959 1K 1.935 1.815 
Regular bolt heads are for general use. Bearing surface shall be at right angles to the axis of the body, 
Semifinished bolt heads are finished under head. of the bolt within a tolerance of 2 deg for 1-in. bolts or smaller 


Taper of bolt heads (angle between one side and the axis) 
shall not exceed 2 deg, the specified width across flats being the 
largest dimension. 


and 1 deg for bolts larger than 1 in. and concentric with the axis 
of the body within a tolerance of 3% of the maximum width 


Top of bolt heads shall be flat and chamfered; angle of cham- across flats. 
fer with top surface shall be 30 deg; diameter of top circle shall Maximum radius under head of bolt for sizes 14 to 14 in. 
be the maximum width across flats, within a tolerance of minus shall be 14; for sizes %{g to 1 in. shall be 14¢; for sizes 11¢ to 
15%. 2 in. shall be 1¢; for sizes 214 to 3 in. shall be 3%¢. 


Bearing surface shall be washer faced. The thickness of the 


washer face shall be approximately 144 in. included in the head j s : A 
height and diameter of the washer face shall be the maximum the dimensions and tolerances given for the semifinished prod- 


width across flats within a tolerance of minus 5%. uct, degree and character of finish to be specified in each case. 


Finished regular bolt heads when specified shall be made to 
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~ (Continued from top of preceding page.) 


' minimum wrench opening. The plus tolerance allowed has been 
' made as great as is possible without deformation of the corners 
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surface have been so treated as to provide a special appearance. 
The finish desired on all nonbearing surfaces of finished bolt heads 
and nuts should be specified by the purchaser. 


| of bolt heads or nuts under extreme conditions. 
| terms as used in this Standard: 


; | or treated on any surface except in the threads. 


a en 


Washer Face—The washer face is a circular boss turned or 
otherwise produced on the bearing surface of a bolt head or nut 
to relieve the corners. 

A circular bearing surface can also be produced by chamfering 
the corners of the nut. 

Height of Head—The height of head is the overall distance 
from the top to the bearing surface and includes the thickness of 
the washer face where provided. 

Thickness of Nut—The thickness of nut is the overall distance 
from the top to the bearing surface and includes the thickness of 
the washer face where provided. 

Taper of Bolt Head or Nut—The taper of a bolt head or nut is 
the angle between a side and the axis. 


le Op 


TABLE 3—Dimensions of Heavy Bolt Heads, Unfinished, Square, and Hexagon 


Nomenclature—The following definitions will apply to the 
Unfinished—Unfinished bolt heads or nuts are not machined 


Semifinished—Semifinished bolt heads or nuts are machined 
or otherwise formed or treated on the bearing surface so as to 
provide for nuts either a washer face or a circular bearing surface 
formed by chamfering the edges, and for bolt heads a washer 
face. 

Finished—Finished bolt heads and nuts are the same as 
semifinished except that the surfaces other than the bearing 


WIDTH ACROSS FLATS WIDTH ACROSS CORNERS, MIN HEIGHT 
NOMINAL SIZE OR BASIC MAJOR 
DIAMETER OF THREAD === a= 
Max (basic) Min Sq Hex Nom Max Min 

¥% 0.5000 % 0.8750 0.850 1.167 0.969 Ko 0.458 0.418 
Ne 0.5625 1546 0.9375 0.909 1.249 1.037 1540 0.490 0.448 
54 0.6250 1% 1.0625 1.031 1.416 1175 lio 0.553 0.509 
% 0.7500 14 1.2500 1.212 1.665 1.383 5% 0.649 0.601 
% 0.8750 Ke 1.4875 1.394 1.914 1.589 2340 0.745 0.693 
1 1.0000 15g 1.6250 1.575 2.162 1.796 13/6 0.840 0.784 
1% 1.1250 1136 1.8125 1.756 2.411 2.002 2% 5 0.936 0.876 
14 1.2500 2 2.0000 1.938 2.661 2.209 1 1.032 0.968 
13g 1.3750 2346 2.1875 2.119 2.909 2.416 13> 1.128 1.060 
1% 1.5000 23¢ 2.3750 2.300 3.158 2.622 136 1.224 1.152 
15% 1.6250 2%6 2.5625 2.481 3.406 2.828 1% > 1.319 1.243 
134 1.7500 234 2.7500 2.662 8.655 3.036 134 1.415 1.335 
1% 1.8750 2546 2.93875 2.844 3.905 3.242 11545 1.511 | 1.427 
2 2.0000 3g 3.1250 3.025 4.153 8.449 1%6 1.606 1.518 
214% 2.2500 34 3.5000 3.388 4.652 3.862 1% 1.798 1.702 
21 2.5000 3% 3.8750 3.750 5.149 4.275 11d. 1.990 1.886 
234 2.7500 41g 4.2500 4.112 5.646 4.688 2% 2.181 2.069 
3 3.0000 45¢ 4.6250 4.475 6.144 5.102 2546 2.310 2.252 


Heavy bolt heads are for use where greater bearing surface is 
necessary. 
Unfinished bolt heads are not finished on any surface. 


Bearing surface shall be at right angles to the axis of the body 
of the bolt within a tolerance of 3 deg for 1-in. bolts or smaller 


Taper of bolt heads (angle between one side and the axis) 
shall not exceed 2 deg, the specified width across flats being the 
largest dimension. 

Top of bolt heads shall be flat and chamfered; angle of cham- 
fer with the top surface shall be 25 deg for square and 30 deg 
for hexagon; diameter of top circle shall be the maximum width 


across flats within a tolerance of minus 15%. 


and 2 deg for bolts larger than 1 in. and concentric with the axis 
of the body within a tolerance of 3% of the maximum width 
across flats. 

Maximum radius under head of bolts for 14 in. size shall be 
140; for sizes 946 to 1 in. shall be 1/6; for sizes 11¢ to 2 in. shall 
be 14; for sizes 214 to 3 in. shall be 34g. 
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TABLE 4—Dimensions of Heavy Bolt Heads, Semifinished, Hexagon i 


WIDTH ACROSS FLATS 


: — so “5 
} 


WIDTH ACROSS 


NOMINAL SIZE OB BASIC MAJOR CORNESS ) Bt 
DIAMETER OF THREAD 
Max (basic) Min : Min Nom Max | Min 
lg 0.5000 % 0.8750 : 0.850 0.969 1345 0.426 0.386 
%_ 0.5625 154, 0.9875 | 0.909 | 1.037 | Ke 0.459 | 0.417 
3g 0.6250 1%, 1.0625 1.031 1.175 1g 0.522 | 0.478 
34 0.7500 14% 1.2500 Lago 1.383 | 19f5 | 0.618 | 0.570 
% 0.8750 ii de eee ge ee ee 1, 0.714 | 0.662 
1 1.0000 | 15¢ 1.6250 | -—4 5+ a ares ) 34 | 0.778. —|) oa 
lig 1.1250 L3{, 1.8125 vz 2.002 2749 0.874 ; 0.814 
1% ——«1.2500 2 2.0000 1.938 2.209 | is 0.970 | 0.906 
13g — 1.3750 23%, 2.1875 | 2.119 2.416 162 1.065 0.997 
Lg —-:1.5000 234 2.3750 2.300 2.622 11¢ 1.161 1.089 
15g 1.6250 2{_ 2.5625 2.481 a ee ee 1.257 | 1.181 
1% 1.75 234 2.7500 2.662 3.035 15f¢ i132 | io. 
13 1.8750 2154, 2.9375 : 2.844 3.242 11345 1.448 | 1.364 
2 2.0000 3% 3.1250 | 3.025 3.449 | Me } 1.482 1.394 
24 2.2500 31g 3.5000 3.388 3.862 : 15 1.673 1.577 
214 2.5000 334 «3.8750 | 3.750 £95 4). BRe |  1.86hou 9 
2% 2 (2.75 44% 4.2500 | 42 | 468 | 2 | 2.05 | 1.944 
3.0000 454 4.6250 fied 4.476 aio 5 ie 2346 | 2.248 | 2.128 


Heavy bolt heads are for use where greater wi surface is 
necessary. 

Semifinished bolt heads are finished under head. 

Taper of bolt heads (angle between one side and the axis) 
shall not exceed 2 deg, the specified width across flats being the 
largest dimension. 

Top of bolt heads shall be flat and chamfered; angle of cham- 
fer with the top surface shall be 30 deg; diameter of top circle 
shall be the maximum width across flats within a tolerance of 
minus 15% 

Bearing surface shall be washer faced. The thickness of the 
washer face shall be approximately 144 in. included im the head 


height, and diameter of the washer face shall be the maximum 
width across flats within a tolerance of minus 5%. 

Bearing surface shall be at right angles to the axis of the leas 
of the bolt within a tolerance of 2 deg for 1-in. bolts or smaller 
and 1 deg for bolts larger than 1 in. and concentric with the 
axis of the body within a tolerance of 3% of the maximum width 


- across flats. 


Maximum radius under head of bolts for 14 in. size shall be 
1g9; for sizes 24, to 1 in. shall be 14; for sizes 11¢ to 2 in. shall 
be 1; for sizes 214 to 3 in. shal] be 34g. 

Finished heavy bolt heads when specified shall be made to the 
dimensions and tolerances given for the semifinished product, 
degree and character of finish to be specified in each case. 
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TABLE 5—Dimensions of Capscrew Heads, Hexagon 


| WIDTH ACROSS 


| 
NOMINAL SIZE OR BASIC MAJOR CORNERS See 
DIAMETER OF : 
Max (basic) | Min Min Nom Max Min 
j ; 
| y% 0.2500 Ke 0.4375 . 0.428 0.488 Ke 0.194 0.181 
I% 54, 0.3125 ) 4 0.5000 | 0.489 0.557 15£4 0.242 0.227 
, % 0.3750 . %e 0.5625 0.551 0.628 282 0.289 0.273 
ba Ue 0.4875 3% 0.6250 | 0.612 ) 0.698 2Neq 0.338 0.319 
f . 
y 4% 0.5000 3% 0.7500 . 0.736 | 0.840 36 0.386 0.364 
yy %e 0.5625 1346 0.8125 eae | 60.910 | 2a 0.433 0.410 
34 0.6250 % 0.8750 0.860 0.980 1345 0.481 0.456 
34 0.7500 1 1.0000 | 0.983 / 1.121 %e 0.577 0.548 
a | 
¥ 0.8750 1K 1.1250 | 1.106 =| 1.261 2145 | 0.672 0.640 
| 1 1.0000 | 16 1.3125 1.292 1.473 34 0.768 0.732 
:§ 1% 1.1250 1% 1.5000 ) 1.477 1.684 2765 . 0.864 0.824 
q ~ 14 1.2500 | 11%, 1.6875 ) 1.663 ) 1.896 1346 0.959 0.916 


Full finished capscrews have all surfaces, including body and 
‘<a surfaces of the head, machined or otherwise treated to pro- 
_ vide a surface equivalent in appearance. For special applications 
he degree of the finish may be specified between the user and 
dhe manufacturer. 

_ Capserews when threaded with either coarse or fine threads 
shall have a length of thread equal to twice the diameter plus 
34 in. The minimum thread length is measured from the end of 
i bolt to the last complete thread. Screws too short to allow 
e formula length thread shall be threaded as close to the head 
as practicable. 

biti, of head shall be flat and chamfered; angle of chamfer with 
top surface shall be 30 deg; diameter of top circle shall be the 
ma ximum width across flats within a tolerance of minus 15%. 


Bearing surface shall be washer faced. Thickness of washer 
face shall be approximately 144 in., included in the head height, 
and diameter of washer face shall be the maximum width across 
flats within a tolerance of plus or minus 5%. 

Bearing surface shall be at right angles to the axis of the body 
within a tolerance of 2 deg for 1-in. screws or smaller and 1 deg 
for screws larger than 1 in. and concentric with the axis of the 
body within a tolerance of 3% of the maximum width across 
flats. ; 

Radius of fillet under head for sizes }4 to 5¢ in. shall be 0.01 
to 14 in-; for sizes 114, to 1 in. shail be é4 to 142 im; for sizes 
134, to 134 in. shall be <> to 34 in. 
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TABLE 6—Dimensions of Setscrew Heads, Square 


DIAMETER OF NECK 


NOMINAL SIZE OR BASIC MAJOR Bea cet WNCOENEES BYIGaE 
DIAMETER OF THREAD 
Max (basic) Min Min Nom Max Min Max 
Yy 0.2500 Y 0.2500 0.241 0.331 46 0.196 0.178 0.185 
Ke 0.3125 * 546 0.3125 0.302 0.415 1564 0.245 0.224 0.240 
34 0.3750 3¢ 0.3750 0.362 0.497 %o 0.293 0.270 0.294 
146 0.4375 146 0.43875 0.423 0.581 214 0.341 0.315 0.345 
% 0.5000 44 0.5000 0.484 0.665 3¢ 0.389 0.361 0.400 
Ke 0.5625 Ke 0.5625 0.545 0.748 2164 0.437 0.407 0.454 
54 0.6250 5% 0.6250 0.606 0.833 1540 0.485 0.452 0.507 
34 0.7500 3%, 0.7500 0.729 1.001 % 6 0.582 0.544 0.620 
% 0.8750 1% 0.8750 0.852 1.170 2146 0.678 0.635 0.731 
1 1.0000 1 1.0000 0.974 1.337 34 0.774 0.726 0.838 
1g «1.1250 1% - 1.1250 1.096 1.505 21h, 0.870 0.817 0.939 
1% 1.2500 14 1.2500 1.219 1.674 154, 0.966 0.908 1.064 
13g 1.3750 134 1.3750 1.342 1.843 1l4e 1.063 1.000 1.159 
1% 1.5000 14 1.5000 1.464 2.010 11 1.159 1.091 1.284 


Width of neck under head shall not be over two times the 


pitch of the thread. 


The under surface of the head shall be beveled not more than 


40 deg. 


Top or crown of head shall be rounded to a radius of two and 


a half times the major diameter of the thread. 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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TABLE 7—Dimensions of Regular Nuts and Regular Jam Nuts, Unfinished, Square, and Hexagon (Jam Nuts, Hexagon Only) 
| WIDTH ACROSS FLATS WIRES AOU CCS (RO ANT ey THICKNESS, REGULAR NUTS THICKNESS, REGULAR JAM NUTS 
NOMINAL SIZE OR BASIC MAJOR MIN 
DIAMETER OF THREAD 
ai Max (basic) Min Sq Hex Nom Max Min Nom Max Min 
A 0.2500 Ke 0.4375 0.425 0.584 0.484 lo 0.285 0.203 So 0.172 0.140 
46 0.3125 %e 0.5625 0.547 0.751 0.624 1lé4 0.283 0.249 346 0.204 0.170 
3¢ 0.3750 54 0.6250 0.606 0.832 0.691 2164 0.346 0.310 Yo 0.237 0.201 
Yo 0.4875 34 0.7500 0.728 1.000 0.830 36 0.394 0.356 WA 0.269 0.231 
Vy 0.5000 13/¢ 0.8125 0.788 1.082 0.898 Ye 0.458 0.418 He 0.332 0.292 
Ke 0.5625 % 0.8750 0.847 1.163 0.966 Wy 0.521 0.479 14> 0.365 0.323 
% 0.6250 1 1.0000 0.969 1.330 1.104 3564 0.569 0.525 36 0.397 0.353 
34 0.7500 bes 1.1250 1.088 1.494 1.240 2Veo 0.680 0.632 Ve 0.462 0.414 
i% 0.8750 16 1.3125 1.269 1.742 1.447 4964 0.792 0.740 Vy 0.526 0.474 
1 1.0000 1% 1.5000 1.450 1.991 1.653 % 0.903 0.847 | | %e6 0.590 0.534 
1g 1.1250 Li. 1.6875 1.631 2.239 1.859 1 1.030 0.970 5g 0.655 0.595 
1% 1.2500 1% 1.8750 1.812 2.489 2.066 13% 1.126 | °1.062 34 0.782 0.718 
13g 1.3750 2146 2.0625 1.994 2.738 2n218 1134 1.237 1.169 1346 0.846 0.778 
14 1.5000 24 2.2500 2.175 2.986 2.480 16 1.348 1.276 1g 0.911 0.839 
134 1.6250 2746 2.4875 2.356 3.235 2.686 12464 1.460 1.384 16 0.976 0.900 
134 1.7500 254 2.6250 2.538 3.485 2.893 Wi. aya 1.491 ih 1.040 0.960 
1% 1.8750 2134 6 2.8125 2.719 Bias) 3.100 1444 1.683 1.599 1%6 1.104 1.020 
2 2.0000 3 3.0000 2.900 3.982 3.306 134 1.794 1.706 | 1% 1.169 1.081 
24 2.2500 336 3.3750 3.262 4,479 3.719 131g5 2.017 1.921 | 1% 1.298 1.202 
216 2.5000 334 3.7500 3.625 4.977 4.133 2346 2.240 2.186 14 1.552 1.448 
234 2.7500 Alé 4.1250 3.988 5.476 4,546 21345 2.462 2.350 154 1.681 1.569 
3 3.0000 416 4.5000 4.350 5.973 4.959 25% 2.685 2.565 134 1.810 1.690 


Regular nuts are for general use. 

Unfinished nuts are not finished on any surface but are 
threaded. ; 

_ Taper of the sides of nuts (angle between one side and the 
axis) shall not exceed 2 deg, the specified width across flats be- 
ing the largest dimension. 

Tops of nuts shall be flat and chamfered or (except in jam 


nuts) washer crowned. For flat and chamfered nuts the angle of 
chamfer with the top surface shall be 25 deg for square and 30 
deg for hexagon; diameter of the top circle shall be the maximum 
width across flats within a tolerance of minus 15%. 

Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 3 deg for 1-in. nuts or smaller 
and 2 deg for nuts larger than 1 in. 
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TABLE 8—Dimensions of Regular Nuts and Regular Jam Nuts, Semifinished, Hexagon 


ee ee ——— 


NOMINAL SIZE OR WIDTH ACROSS FLATS May Se ry THICKNESS, REGULAR NUTS THICKNESS, REGULAR JAM NUTS 
BASIC MAJOR DIAM- 
ETER OF THREAD 
Max (basic) Min Min Nom Max Min Nom Max Min 
A 0.2500} er 0.4375 0.425 0.485 1364 0.219 0.187 %a 0.157 0.125 
He 0.3125| %e 0.5625 0.547 0.624 yy 0.267 0.233 1lé4 0.189 0.155 
34 0.3750} 5g 0.6250 0.606 0.691 He 0.330 0.294 1364 0.221 0.185 
”K6 0.4875 | 34 0.7500 0.728 0.830 2364 0.378 0.340 1564 0.253 0.215 
aA 0.5000} 1346 0.8125 0.788 0.898 2764 0.442 0.402 1% 4 0.317 0.277 
%e_ 0.5625} 1% 0.8750; 0.847 0.966 814 0.505 0.463 2144 0.349 0.307 
5 0.6250 1 1.0000} 0.969 1.104 lho 0.553 0.509 2364 0.381 0.337 
3%  ~—-0.7500| 1% 1.1250] 1.088 1.240 4h, 0.665 0.617 24,4 0.446 0.398 
% (0.8750 15%, «1.3125, «1.269 1.447 % 0.776 0.724 81g, 0.510 0.458 
1 1.0000 | 144 1.5000] 1.450 1.653 55,4 0.887 0.831 8564 0.575 0.519 
1% 1.1250 | 114%, 1.6875 1.631 1.859 8io 0.999 0.989 3964 0.639 0.579 
1% 1.2500 | 1% 1.8750 1.812 2.066 Ye 1.094 1.030 2340 0.751 0.687 
1% 1.3750 | 246 2.0625 1.994 2.273 Ye, 1.206 1.138 2540 0.815 0.747 
1% 1.5000 | 214 2.2500 2.175 2.480 1%2 1.317 1.245 2140 0.880 0.808 
13% 1.6250 | 2%%6 2.4375 2.356 2.686 12564 1.429 1.353 2% 0.944 0.868 
1% 1.7500 | 254 2.6250 2.538 2.893 1% 1.540 1.460 8lé9 1.009 0.929 
1% 1.8750 | 21346 2.8125 2.719 3.100 138% 4 1.651 1.567 yo 1.073 0.989 
2 2.0000 | 3 3.0000 2.900 3.306 12340 1.763 1.675 1342 1.138 1.050 
21% 2.2500 | 33g 3.3750 3.262 3.719 15%4 1.970 1.874 11364 1.251 1.155 
24 2.5000 | 334 3.7500 3.625 4.133 2% 2.193 2.089 12% 4 1.505 1.401 
234 2.7500 | 41 4.1250 3.988 4.546 22364 2.415 2.303 18464 1.634 1.522 
3 3.0000 | 444 4.5000 4.350 4.959 2364 2.638 2.518 14564 1.763 1.643 


Regular nuts are for general use. 

Semifinished nuts are finished on bearing surface and threaded. 

Taper of the sides of nuts (angle between one side and the 
axis) shall not exceed 2 deg, the specified width across flats be- 
ing the largest dimension. 

Tops of nuts shall be flat and chamfered; angle of chamfer 
with the top surface shall be 30 deg; diameter of top circle shall 
be the maximum width across flats within a tolerance of minus 
15%. 

Bearing surface shall be washer faced or with chamfered 


corners. Thickness of the washer face shall be approximately 
Yé4 in. included in the nut thickness, and diameter of washer 
face shall be the maximum width across flats within a tolerance 
of minus 5%. 

Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 2 deg for 1-in. nuts or smaller 
and 1 deg for nuts larger than 1 in. 

Finished regular nuts when specified shall be made to the 
dimensions given for the semifinished product, degree and char- 
acter of finish to be specified in each case. 


§ 
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TABLE 9—Dimensions of Regular Slotted Nuts, Semifinished, Hexagon 


NOMINAL SIZE OR BASIC SUZDTE_ ACROSS FLATS Sie ee pp THICKNESS SLOT 
MAJOR DIAMETER OF THREAD 
Max (basic) Min Min Nom Max Min Width Depth 
\% 0.2500 iG 0.4375 0.425 0.485 13% 4 0.219 0.187 56a 30 
46 0.3125 Ke 0.5625 0.547 0.624 YY 0.267 0.233 345 340 
3g 0.3750 5¢ 0.6250 0.606 0.691 46 0.330 0.294 K XK 
146 0.4875 34 0.7500 0.728 0.830 2364 0.378 0.340 \ 2% 
4% 0.5000 13/6 0.8125 0.788 0.898 2764 0.442 0.402 30 So 
Ke 0.5625 i% 0.8750 0.847 0.966 3lk4 0.505 0.463 oe Ke 
54 ‘0.6250 1 1.0000 0.969 1.104 lio 0.553 0.509 346 2 
34 0.7500 1% 1.1250 1.088 1.240 4le4 0.665 0.617 346 \ 
K% 0.8750 146 1.3125 1.269 1.447 34 0.776 0.724 He \% 
1 1.0000 14% 1.5000 1.450 1.653 5564 0.887 0.831 yy %o 
1% 1.1250 Yi, 1.6875 1.631 1.859 3140 0.999 0.939 YY lo 
14% 1.2500 1% 1.8750 1.812 2.066 le 1.094 1.030 46 36 
134 1.3750 2% 6 2.0625 1.994 2.273 114 1.206 1.138 46 3% 
1% 1.5000 214 2.2500 2.175 2.480 1%. Wee Ue 1.245 3% 46 
15% 1.6250 | 2146 2.4875 2.356 2.686 1254 1.429 1.353 34 146 
13% 1.7500 254 2.6250 2.5388 2.893 1% 1.540 1.460 6 4 
1% 1.8750 21346 2.8125 2.719 3.100 13%, TEGDE 1.567 46 X%6 
2 2.0000 3 3.0000 2.900 3.306 12345 1.763 1.675 Ke Ke 
244 2.2500 33¢ 3.3750 3.262 3.719 15% 1.970 1.874 V6 Ke 
24 2.5000 334 3.7500 3.625 4.133 2% 2.193 2.089 Ke 14.6 
234 2.7500 4l¢ 4.1250 3.988 4.546 22364 2.415 2.303 %e ll 
3 3.0000 4y6 4.5000 4.350 4.959 234 2.6388 2.518 4 34 


Regular nuts are for general use. 

Semifinished nuts are finished on bearing surface and threaded. 

Taper of the sides of nuts (angle between one side and the 
axis) shall not exceed 2 deg, the specified width across flats be- 


ing the largest dimension. 


Tops of nuts shall be flat and chamfered; angle of chamfer 
with the top surface shall be 30 deg; diameter of top circle shall 
be the maximum width across flats within a tolerance of minus 


15%. 


Bearing surface shall be washer faced or with chamfered 
corners. Thickness of the washer face shall be approximately 
¥4 in., included in the nut thickness, and diameter of washer 
face shall be the maximum width across flats within a tolerance 
of minus 5%. 

Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 2 deg for 1-in. nuts or smaller 
and 1 deg for nuts larger than 1 in. 

Slots may have square or round bottoms at option of manu- 
facturer. 
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TABLE 10—Dimensions of Machine-Screw and Stove-Bolt Nuts, Square and Hexagon 


NEMS AL Se On SARI gEAT OR WIDTH ACROSS FLATS WIDTH ACROSS CORNERS, MIN THICKNESS 
DIAMETER OF THREAD 
Max (basic) Min Sq Hex Nom Max Min 

No. 0 0.0600 5o 0.1562 0.150 0.206 0.171 34 0.050 0.043 
Nowe t 0.0730 5o 0.1562 0.150 0.206 0.171 364 0.050 0.043 
No. 2 0.0860 346 0.1875 0.180 0.247 0.205 Ye 0.066 0.057 
No. 3 0.0990 346 0.1875 0.180 0.247 0.205 Ve 0.066 0.057 
No. 4 0.1120 yy 0.2500 0.241 0.331 0.275 340 0.098 0.087 
No. 5 0.1250 46 0.3125 0.302 0.415 0.344 Yea 0.114 0.102 
No. 6 0.1880 46 0.3125 0.302 0.415 0.344 Yea 0.114 0.102 
No. 8 0.1640 lio 0.34388 0.332 0.456 0.378 Ky 0.130 0.117 
No. 10 0.1900 36 0.3750 0.362 0.497 0.413 74 0.130 OL 
No. 12 0.2160 K46 0.4375 0.423 0.581 0.482 540 0.161 0.148 

yy 0.2500 “6 0.4375 0.423 0.581 0.482 Ke 0.193 0.178 

Ke 0.3125 Ke 0.5625 0.545 0.748 0.621 leo 0.225 0.208 

3¢ 0.3750 58 0.6250 0.607 0.833 0.692 yy 0.257 0.239 


Hexagon machine screw nuts shall have tops flat and cham- 
fered; angle of chamfer with top surface shall be 30 deg; diam- 
eter of top circle shall be the maximum width across flats within 
a tolerance of minus 15%. Bottoms are flat but for special pur- 
poses may be chamfered or washer faced if so specified. 


Square machine-screw nuts and stove-bolt nuts shall have tops 
and bottoms flat without chamfer. 
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TABLE 11—Dimensions of Heavy Nuts and Heavy Jam Nuts, Unfinished, Square, and Hexagon (Jam Nuts, Hexagon Only) 


| of WIDTH ACROSS FLATS PO A CROSEICORNERS, THICKNESS, HEAVY NUTS THICKNESS, HEAVY JAM NUTS 
| DIAMETER OF THREAD 
i Max (basic) Min Sq Hex Nom Max Min Nom Max Min 
10 % 0.2500 a) 0.5000 0.488 0.670 0.556 Ye 0.266 0.234 346 0.204 0.172 
at 546 0.3125 1%» 0.5938 0.578 0.794 0.659 Ke 0.330 0.296 Yo 0.236 0.202 
| 3g 0.3750 146 0.6875 0.669 0.919 0.763 36 0.393 0.357 vA 0.268 0.232 
1G Ke 0.43875 2545 0.7812 0.759 1.042 0.865 Ae 0.456 0.418 %o 0.300 0.262 
4 0.5000 % 0.8750 0.850 1167 0.969 3 0.520 0.480 46 0.332 0.292 
Ke 0.5625 ig 0.9375 0.909 1.249 1.037 %e 0.584 0.542 1% 0.365 0.323 
5% 0.6250 le 1.0625 1.031 1.416 1.175 5 0.647 0.603 34 0.397 0.353 
34 0.7500 4 1.2500 1.212 1.665 1.382 3% 0.774 0.726 Ke 0.462 0.414 
% 0.8750 1l%6 1.4875 1.394 1.914 1.589 % 0.901 0.849 4 0.526 0.474 
1 1.0000 154 1.6250 1.575 2.162 1.796 1 1.028 0.972 %e 0.590 0.534 
1K 1.1250 11346 1.8125 1.756 2.411 2.002 14 1.155 1.095 56 0.655 0.595 
1% 1.2500 2 2.0000 1.938 2.661 2.209 1% 1.282 1.218 34 0.782 0.718 
136 1.3750 2346 2.1875 2.119 2.909 2.416 134 1.409 1.341 13/6 0.846 0.778 
1% 1.5000 236 2.3750 2.300 3.158 2.622 1% 1.536 1.464 1% 0.911 0.839 
13 1.6250 2% 6 2.5625 2.481 3.406 2.828 1% 1.663 1.587 146 0.976 0.900 
134 1.7500 234 2.7500 2.662 3.656 3.035 134 1.790 1.710 1 1.040 0.960 
1% 1.8750 21546 2.9375 2.844 3.905 3.242 1% 1.917 1.833 Ke 1.104 1.020 
2 2.0000 31g 3.1250 3.025 4.153 3.449 2 2.044 1.956 1% 1.169 1.081 
244 2.2500 3h4 3.5000 3.388 4.652 3.862 214 2.298 2.202! | 1% 1.298 1.202 
234 2.5000 3% 3.8750 3.750 5.149 4,275 24 2.552 2.448 143 1.552 1.448 
234 2.7500 44 4.2500 4,112 5.646 4.688 234 2.806 2.694 154 1.681 1.569 
3 3.0000 45¢ 4.6250 4.475 6.144 5.102 3 3.060 2.940 134 1.810 1.690 
IE: 34% 3.2500 5 5.0000 4.838 6.643 5.515 34% 3.314 3.186 1% 1.939 1.811 
‘ 34 3.5000 53¢ 5.3750 5.200 7.140 5.928 3 3.568 3.432 2 2.068 1.932 
w 334 3.7500 534 5.7500 5.562 7.637 6.341 334 3.822 3.678 246 2.197 2.053 
im 4 4.0000 4 6.1250 025 | 87185 4) 6.785" |, 4 4.076 | 3.924 | 2% 2.326 | 2.174 


Heavy nuts are for use where greater bearing surface is nec- 
_ essary. 

Unfinished nuts are not finished on any surface but are 
_ threaded. 

_ Taper of the sides of nuts (angle between one side and the 
axis) shall not exceed 2 deg, the specified width across flats be- 
_ ing the largest dimension. 


Tops of nuts shall be flat and chamfered or (except jam nuts) 
washer crowned. For flat and chamfered nuts the angle of cham- 
fer with the top surface shall be 25 deg for square and 30 deg for 
hexagon; diameter of the top circle shall be the maximum width 
across flats within a tolerance of minus 15%. 

Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 3 deg for 1-in. nuts or smaller 
and 2 deg for nuts larger than 1 in. 
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TABLE 12—Dimensions of Heavy Nuts and Heavy Jam.Nuts, Semifinished, Hexagon 


NOMINAL SIZE OR WIDTH ACROSS FLATS Eeeateae te THICKNESS, HEAVY NUTS ; THICKNESS, HEAVY JAM NUTS 
BASIC MAJOR DIAM- ~ : 
ETER OF THREAD : —— 
Max (basic) Min Min Nom Max — Min Nom Max Min 
4 0.2500; 4 0.5000 0.488 0.556 1564 0.250 0.218 14 0.188 0.156 
Kig 0.3125] 1% 0.5938 0.578 0.659 196, 0.314 0.280 1364 0.220 0.186 
3% 0.8750! 16% 0.6875 0.669 0.763 2364 0.377 0.341 1564 0.252 0.216 
Wig t 0.4975 2565. > 0278180 100.769 0.865 214 0.441 0.403 11g) 0.285 0.247 
4 0.5000] % 0.8750 0.850 0.969 364 0.504 0.464 1% 4 0.317 0.277 
Ke 0.5625 | 15%, 0.9375 0.909 1.037 3564 0.568 0.526 2Ve4 0.349 0.307 
56  0.6250/ 134, «1.0625 1.031 1.175 8% 0.631 0.587 2344 0.381 0.337 
3% 0.7500 | 114 1.2500 1.212 1.382 4164 0.758 0.710 2164 0.446 0.398 
Y%-0.8750| 1%_ ~—«:1.4875| 1.394 1.589 55h4 0.885 0.833 81f4 0.510 0.458 
1 1.0000 | 15¢ 1.6250) 1.575 1.796 6364 1.012 0.956 3564 0.575 0.519 
lg 1.1250 | 11346 1.8125 1.756 2.002 lY%a 1.139 1.079 39% 4 0.639 0.579 
14% 1.2500 | 2 2.0000 1.938 2.209 1% 1.251 1.187 2360 0.751 0.687 
13g 1.3750 | 2346 2.1875) 2.119 2.416 1145 1.378 1.310 2545 0.815 0.747 
14% 1.5000 | 23¢ 2.3750 2.300 2.622 11545 1.505 1.433 27149 0.880 0.808 
154 1.6250 | 2%6 2.5625) 2.481 2.828 1192 1.632 1.556 2946 0.944 0.868 
1% 1.7500 | 234 2.7500 2.662 3.035 12349 1.759 1.679 34Z5 1.009 0.929 
1% 1.8750 | 21546 2.9375 2.844 3.242 12745 1.886 1.802 lo 1.073 0.989 
2 2.0000 | 31¢ 3.1250; 3.025 3.449 13140 2.013 1.925 1349 1.138 1.050 
214 2.2500 | 314 3.5000) 3.388 3.862 21364 2.251 2.155 11364 1.251 1.155 
216 2.5000 | 3% 3.8750 3.750 4.275 22% 2.505 2.401 12%, 1.505 1.401 
234 2.7500 | 414 42500, 4.112 4.688 24564 2.759 2.647 13764 1.634 1.522 
3 3.0000 | 45¢ 4.6250 4.475 5.102 26164 3.013 2.893 145{4 1.763 1.643 
34 3.2500 | 5 5.0000 4.838 5.515 3346 3.252 3.124 1134/6 1.876 1.748 
34% 3.5000 | 53¢ 5.3750) 5.200 5.928 38K 6 3.506 3.370 11546 2.006 1.870 
334 3.7500 | 534 5.7500; 5.562 6.341 3lli, 3.760 3.616 246 2.134 1.990 
4 4.0000 | 61 6.1250 5.925 6.755 3154/6 4.014 3.862 2346 2.264 2.112 


Heavy nuts are for use where greater bearing surface is nec- 


essary. 


Semifinished nuts are finished on bearing surface and threaded. 
Taper of the sides of nuts (angle between one side and the 
axis) shall not exceed 2 deg, the specified width across flats be- 


ing the largest dimension. 


Tops of nuts shall be flat and chamfered; angle of chamfer 
with the top surface shall be 30 deg; diameter shall be the maxi- 


mum width across flats within a tolerance of minus 15%. 


Bearing surface shall be washer faced or with chamfered 


corners. Thickness of the washer face shall be approximately 
Yé4 in. included in the nut thickness, and diameter of the washer 
face shall be the maximum width across flats within a tolerance 
of minus 5%. 

Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 2 deg for 1-in. nuts or smaller 
and 1 deg for nuts larger than 1 in. 

Finished heavy nuts when specified shall be made to the dimen- 
sions and tolerances given for the semifinished product, degree 
and character of finish to be specified in each case. 


| 
j 
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TABLE 13—Dimensions of Heavy Slotted Nuts, Semifinished, Hexagon 


| 1 es ee WIDTH ACROSS FLATS eam esas THICKNESS SLOT 
MAJOR DIAMETER OF THREAD 
i Max (basic) Min Min Nom Max Min Width Depth 
it % 0.2500 4 0.5000 0.488 0.556 15f4 0.250 0.218 Bhs ho 
1 5{g 0.3125 1945 0.5938 0.578 0.659 194 0.314 0.280 ho 3ho 
3¢ 0.3750 146 0.6875 0.669 0.763 2364 0.377 0.341 K K 
Ke 0.4375 2540 0.7812 0.759 0.865 2164 0.441 0.403 Ky 30 
A 0.5000 % 0.8750 0.850 0.969 34 0.504 0.464 3%o ao 
%_ 0.5625 154, 0.9875 0.909 1.037 8564 0.568 0.526 Sho Ke 
! 56 0.6250 16 1.0625 1.031 1.175 3% 4 0.631 0.587 X46 Yo 
34 0.7500 14 1.2500 1.212 1.382 44 0.758 0.710 Ke \y 
% 0.8750 16 1.4875 1.394 1.589 5564 0.885 0.833 346 YY 
1 1.0000 1% 1.6250 1.575 1.796 6364 1.012 0.956 Yy %o 
14 1.1250 11s, 1.8125 1.756 2.002 lY%a 1.139 1.079 \y 140 
1% 1.2500 2 2.0000 1.938 2.209 l%o 1.251 1.187 546 3% 
13 1.3750 234 6 2.1875 2.119 2.416 11. 1.378 1.310 46 34 
| 1% 1.5000 234 2.3750 2.300 2.622 11545 1.505 1.483 34 K6 
| 15g 1.6250 2% 6 2.5625 2.481 2.828 11%. 1.632 1.556 34 6 
} 134 1.7500 234 2.7500 2.662 3.035 12345 1.759 1.679 A6 4% 
| 1% 1.8750 2154, 2.9375 2.844 3.242 127% 1.886 1.802 Ke Ke 
2 2.0000 314 3.1250 3.025 3.449 13145 2.013 1.925 Ko Ke 
| 214 2.2500 344 3.5000 3.388 3.862 21364 2.251 2.155 Yo Keo 
| | 24% 2.5000 3% 3.8750 3.750 4.275 22% 4 2.505 2.401 Ke 16 
4 234 2.7500 444 4.2500 4.112 4.688 24564 2.759 2.647 Ke 146 
=/3 3.0000 45¢ 4.6250 4.475 5.102 2lé4 3.013 2.893 54 4 
344 3.2500 5 5.0000 4.838 5.515 3346 3.252 3.124 56 %4 
34 3.5000 534 5.3750 5.200 5.928 31K6 3.506 3.370 5% 34 
334 3.7500 534 5.7500 5.562 6.341 316 3.760 3.616 56 34 
4 4.0000 6% 6.1250 5.925 6.755 31546 4.014 3.862 5 34 


essary. 


| ing the largest dimension. 


B 15%. 


Heavy nuts are for use where greater bearing surface is nec- 


Semifinished nuts are finished on bearing surface and threaded. 
| Taper of the sides of nuts (angle between one side and the 
| axis) shall not exceed 2 deg, the specified width across flats be- 


| Tops of nuts shall be flat and chamfered; angle of chamfer 
| with the top surface shall be 30 deg; diameter of top circle shall 
be the maximum width across flats within a tolerance of minus 


Bearing surface shall be washer faced or with chamfered 
corners. Thickness of the washer face shall be approximately 
Y, in. included in the nut thickness, and diameter of the washer 
face shall be the maximum width across flats within a tolerance 
of minus 5%. 

Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 2 deg for 1-in. nuts or smaller 
and 1 deg for nuts larger than 1 in. 

Slots may have square or round bottom at option of manu- 
facturer. 
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TABLE 14—Dimensions of Light Nuts and Light Jam Nuts, Semifinished, Hi exagon 


WIDTH ACROSS 


NOMINAL SIZE OR WIDTH ACROSS FLATS SGRRERE THICKNESS, LIGHT NUTS THICKNESS, LIGHT JAM NUTS 

BASIC MAJOR DIAM- 

ETER OF THREAD 

Max (basic) Min Min Nom Max Min Nom Max Min 

Y% 0.25001 Ke, 0.4875! «0.428 0.488 ve 0.226 0.212 5ho 0.163 0.150 
46 0.3125| 4% 0.5000 0.489 0.557 1U64 0.273 0.258 Ke 0.195 0.180 
3% 0.3750; %e 0.5625 0.551 0.628 214 0.337 0.320 Bo 0.227 0.210 
Vig OASIS Be 0.6250/ 0.612 0.698 3 0.385 0.365 Y% 0.260 0.240 
mA 0.5000} 3% 0.7500) 0.736 0.840 Ye 0.448 0.427 46 0.323 “0.802 
%6 0.5625! % 0.8750 0.861 0.982 3léq 0.496 0.473 de 0.324 0.301 
% 0.6250} 1546 0.9375) 0.922 1.051 3564 0.559 0.534 34 0.387 0.363 
34 0.7500 | 146 1.0625 1.045 1.191 25 0.670 0.642 34 0.389 0.361 
1% 0.8750 | 1144 1.2500 1.231 1.403 4% 4 0.782 0.750 Ke 0.454 0.421 
1 1.0000 | 1% 6 1.43875 1.417 1.615 1% 0.893 0.857 4% 0.518 0.482 
1K 1.1250 | 13 1.6250 1.602 1.826 8364 1.004 0.964 Xe 0.582 0.5438 
1% 1.2500 | 1137, 1.8125 1.788 2.038 1349 1.116 1.072 5% 0.647 0.603 
1% 1.3750 | 2 2.0000 1.973 2.249 11364 1.227 1.180 34 0.774 0.726 
1% 1.5000 | 2346 2.1875 2.159 2.461 146 1.338 1.287 13/6 0.838 0.787 


Semifinished nuts are finished on bearing surface and threaded. 
Taper of the sides of nuts (angle between one side and the 
axis) shall not exceed 2 deg, the specified width across flats be- 
ing the largest dimension. 
Tops of nuts shall be flat and chamfered; angle of chamfer 
with top surface shall be 30 deg; diameter of top circle shall be 
the maximum width across flats within a tolerance of minus 


15%. 


Bearing surface shall be washer faced or with chamfered 
corners. Thickness of the washer face shall be approximately 
1é4, in. included in the nut thickness, and diameter of washer 
face shall be the maximum width across flats within a tolerance 
of minus 5%. | 

Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 2 deg for 1-in. nuts or smaller 
and 1 deg for nuts larger than 1 in. 
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TABLE 15—Dimensions of Light Thick Nuts, Semifinished, Hexagon 


NOMINAL SIZE OR BASIC ie WIDTH ACROSS FLATS ON eae: SS THICKNESS 
DIAMETER OF THREAD 
i Max (basic) Min Min Nom Max Min 
! 

A 0.2500 Ke 0.4875 0.428 0.488 %e 0.288 0.274 
546 0.3125 \y 0.5000 0.489 0.557 We, 0.336 0.320 
34 0.3750 Ke 0.5625 0.551 0.628 1345 0.415 0.398 
Ke 0.4375 5 0.6250 0.612 0.698 2964 0.463 0.444 
ly 0.5000 34 0.7500 0.736 0.840 Ke 0.573 0.552 
%— 0.5625 % 0.8750 0.861 0.982 3964 0.621 0.598 
54 0.6250 15{, 0.9375 0.922 1.051 2345 0.731 0.706 
34 0.7500 le 1.0625 1.045 1.191 13/6 0.827 0.798 
1% 0.8750 1% 1.2500 1.231 1.403 2%%45 0.922 0.890 
1 1.0000 1K 1.4375 1.417 1.615 1 1.018 0.982 
1% 1.1250 154 1.6250 1.602 1.826 1545 1.176 1.136 
1% 1.2500 113%, 1.8125 1.788 2.038 14% Qe: 1.228 
13¢ 1.3750 2 2.0000 1.973 2.249 134 1.399 1.351 
11g 1.5000 2346 2.1875 2.159 2.461 1% 1.526 1.474 


Semifinished nuts are finished on bearing surface and threaded. 
_ Taper of the sides of nuts (angle between one side and the 
axis) shall not exceed 2 deg, the specified width across flats be- 
ing the largest dimension. 

Tops of nuts shall be flat and chamfered; angle of chamfer 
with top surface shall be 30 deg; diameter of top circle shall be 
the maximum width across flats within a tolerance of minus 

15%. 


Bearing surface shall be washer faced or with chamfered 
corners. Thickness of the washer face shall be approximately 
164 in. included in the nut thickness, and diameter of the washer 
face shall be the maximum width across flats within a tolerance 
of minus 5%. 

Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 2 deg for 1-in. nuts or smaller 
and 1 deg for nuts larger than 1 in. 
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TABLE 16—Dimensions of Light Slotted Nuts, Semifinished, Hexagon 


WIDTH ACROSS 


NOMINAT SiptGR ASIC WIDTH ACROSS FLATS CORNERS THICKNESS SLOT 
MAJOR DIAMETER OF THREAD 
Max (basic) Min Min Nom Max Min Width Depth 
Vy 0.2500 Yo 0.4375 0.428 0.488 Yo 0.226 0.212 yan 3o 
5{_ 0.3125 ¥% 0.5000 0.489 0.557 14 0.273 0.258 3ho 340 
34 0.3750 % 6 0.5625 0.551 0.628 Ney 0.337 0.320 V4 ¥ 
W%e_ 0.4875 5¢ 0.6250 0.612 0.698 3% 0.385 0.365 ¥ So 
Wy 0.5000 34 0.7500 0.736 0.840 Ke 0.448 0.427 Bo Bho 
%_e 0.5625 % 0.8750 0.861 0.982 3164 0.496 0.473 5ho Ke 
56 0.6250 154, 0.9375 0.922 1.051 3564 0.559 0.534 Ke Iho 
34 0.7500 1% 6 1.0625 1.045 1.191 2ho 0.670 0.642 346 A 
1% 0.8750 1% 1.2500 1.231 1.403 496 4 0.782 0.750 46 \y 
1 1.0000 We 1.4375 1.417 1.615 % 0.893 0.857 Yy %o 
1% 1.1250 15 1.6250 1.602 1.826 6364 1.004 0.964 \y 1g, 
1% 1.2500 113{, 1.8125 1.788 2.038 1345 1.116 1.072 Ke 3% 
13% 1.3750 2 2.0000 1.973 2.249 113é4 1.227 1.180 Ke 34 
144 1.5000 2346 2.1875 2.159 2.461 1%, 1.338 1e287 34 KH 


Semifinished nuts are finished on bearing surface and threaded. 
Taper of the sides of nuts (angle between one side and the 
axis) shall not exceed 2 deg, the specified width across flats be- 
ing the largest dimension. ‘ 
Tops of nuts shall be flat and chamfered; angle of chamfer 
with top surface shall be 30 deg; diameter of top circle shall be 
the maximum width across flats within a tolerance of minus 


15%. 


Bearing surface shall be washer faced or with chamfered 


corners. Thickness of the washer face shall be approximately 
V4 in. included in the nut thickness, and diameter of the washer 
face shall be the maximum width across flats within a tolerance 


of minus 5%. 


Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 2 deg for 1-in. nuts or smaller 


and 1 deg for nuts larger than 1 in. 


Slots may have square or round bottoms at option of manu- 


facturer. 
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TABLE 17—Dimensions of Light Thick Slotted Nuts, Semifinished, Hexagon 


ee ise WIDTH ACROSS FLATS ees a THICKNESS SLOT 
MAJOR DIAMETER OF THREAD 
Max (basic) Min Min Nom Max Min Width Depth 
ie 0.2500 W_ 0.4875 0.428 0.488 %o 0.288 0.274 5h 3ho 
6 0.3125 1g 0.5000 0.489 0.557 2h, 0.336 0.320 345 340 
| 3 (0.8750 %_ «0.5625 0.551 0.628 1345 0.415 0.398 v, é 
| SA 56 0.6250 0.612 0.698 29% 4 0.463 0.444 \y 5éo 
| 
1 3 05000 4 0.7500 0.736 0.840 %e 0.573 0.552 5h5 5ho 
 %_ (0.5625 % 0.8750 0.861 0.982 3944 0.621 0.598 3h0 346 
‘| 56 0.6250 15/6 0.9375 0.922 1.051 86. 0.731 0.706 36 Uo 
| 3% 0.7500 1%_ —«:1.0625 1.045 1.191 1346 0.927 0.798 le y 
| i 0.8750 1% 1.2500 1.231 1.403 2% 0.922 0.890 346 A 
1 1.0000 1K6 1.4375 1.417 1.615 1 1.018 0.982 7A Bo 
1% 1.1250 154 1.6250 1.602 1.826 1545 1.176 1.136 \y 1a 
14 1.2500 118%, 1.8125 1.788 2.038 1% 1.272 1,228 Ke 36 
13 1.3750 2 2.0000 1.973 2.249 13g 1.399 1.351 Ke 36 
1% 1.5000 2346 2.1875 2.159 2.461 14 1.526 1.474 3% Vs 


Semifinished nuts are finished on bearing surface and threaded. 1,4 in. included in the nut thickness, and diameter of the washer 
Taper of the sides of nuts (angle between one side and the face shall be the maximum width across flats within a tolerance 
is) shall not exceed 2 deg, the specified width across flats be- 
the largest dimension. 
Tops of nuts shall be flat and chamfered; angle of chamfer rae s 
with top surface shall be 30 deg; diameter of top circle shall be threaded hole within a tolerance of 2 deg for 1-in. nuts or smaller 
maximum width across flats with a tolerance of minus 15%. and 1 deg for nuts larger than 1 in. 
_ Bearing surface shall be washer faced or with chamfered Slots may have square or round bottoms at option of manu- 
rners. Thickness of the washer face shall be approximately facturer. 


of minus 5%. 
Bearing surface shall be at right angles to the axis of the 


414 WRENCH-HEAD SCREW AND BOLT HEADS, NUTS, AND WRENCH OPENINGS 


TABLE 18—Dimensions of Light Castle Nuts, Semifinished,-Hezagon 


WIDTH DIAMETER OF 

NOMINAL SIZE OR WIDTH ACROSS FLATS ACROSS ‘THICKNESS NOMINAL SLOT CYLINDRICAL 
BASIC MAJOR DIAM- CORNERS HEIGHT OF gees" PARTS 
ETER OF THREAD ; FLATS’ 

| Max (basic) Min Min Nom | Min | Width Depth Min 
A 0.2500 | A6 0.4375 0.428 0.488 %o 0.288 0.274 : 346 | 564 340 | 349 0.371 
46 0.3125 | & 0.5000, 0.489 0.557 24 | 0.336 | 0.320 134, | 32 340 | 349 0.425 j 
3% 0.3750 | %e 0.5625, 0.551 0.628 134, | 0.415. | 0.398 %o 1g lg | 340 | 0.478 
46 0.4375 | % 0.6250, 0.612 0.698 2%4 0.463 | 0.444 1% 4 aS | 540 340 0.531 
3 0.5000 A 0.7500; 0.736 0.840 Ke | 0.573 0.552 1340 540 540 \% 0.637 | 
%_ 0.5625 | % 0.8750) 0.861 0.982 | 8%, | 0.621 | 0.598 214 | Mba -4 | - Se 5ho 0.744 | 
56 0.6250 | 1546 0.9375, 0.922 1.051 | . 2349 | 0.781 0.706 4 36 «| 6 CKe 540 0.797 . 
34 0.7500 | 1% 6 1.0625) 1.045 1.191 1346 0.827 0.798 Yo 346 yy 346 0.903 
% 0.8750 | 1144 1.2500 1.231 1.403 2%» 0.922 0.890 2160 | 346 Y% 46 1.063 
1 1.0000 | 1% 1.4875) 1.417 1.615 1 1.018 | 0.982 | 2345 | 4 | %%o | Ke 1.222 i 
14 1.1250 | 154 1.6250 1.602 1.826 1oeo0. alee a6 | 1.186 | 1X%6 ly | 1M4oe A 1.382 
1% 1.2500 | 11346 158125 — 1788 2.0388 | 1% 1272 1.228 1g 1 S46 | 3% \Y 1.541 
134 1.3750 | 2 2.0000; 1.973 | 2.249 13 | 15899 ol eso tem BL | Ke 36 ye 1.700 
14% 1.5000 | 2346 2.1875) 2.159 | 2.461 | 11g | 1.526 | 1.474 146 | 36 “Y6 iy 1.859 


® Height of the hexagon is measured from the bearing surface to top of arc. 
Tolerance on the fillet radius is plus or minus 0.010. 


° Maximum diameter of cylindrical part shall not exceed maximum width across flats. 


Semifinished nuts are finished on bearing surface and threaded. 

Taper of the sides of nuts (angle between one side and the 
axis) shall not exceed 2 deg, the specified width across flats be- 
ing the largest dimension. 

Bearing surface shall be washer faced or with chamfered 
corners. The thickness of the washer face shall be approximately 
464 in. included in the nut thickness, and diameter of the washer 


face shall be the maximum width across flats within a tolerance 
of minus 5%. : 
Bearing surface shall be at right angles to the axis of the 
threaded hole within a tolerance of 2 deg for 1-in. nuts or smaller 
and 1 deg for nuts larger than 1 in. 
Slots may have square or round bottoms at option of manu- 
facturer. 
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TABLE 19—Open-End Wrench Openings for Regular, Heavy, and Light Series Bolts and Nuts 


WRENCH OPENINGS® 


NOMINAL BOLT DIAMETER 
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| NOMINAL SIZE OF ALLOWANCE Regular series Heavy Light 
| WRENCH,” ALSO BASIC | BETWEEN BOLT series series 
| OR MAXIMUM WIDTH HEAD OR NUT ; Nuts Bolts Nuts Cap- Set- 
| Seisciko urs oes : ara oe bg aoe jam nuts, nuts, jam ian nuts, screws screws 
: an 
| Pee ectotied ol aot and clotted 
nuts nuts nuts 
| 4 0.1562 0.002 0.158 | 0.005 | 0.163 — = — — a = 
| oe 0.1875 0.002 0.190’ | 0.005 | 0.195 — = — — = cm 
im 34 0.2500 0.002 0.252 | 0.005 | 0.257 — — —_ ae = M4 
Mee, 0.3125 | 0.003 0.316 | 0.006 | 0.322 — — -- - — 46 
| 1345 0.3438 0.003 0.347° | 0.006 | 0.353 — — = aa = a 
| 3¢ 0.3750 0.003 0.378 | 0.006 | 0.384 M4 = = = = 3 
Ke 0.4375 0.003 0.440 | 0.006 | 0.446 = 4 a 4 4 eo 
es 0.5000 0.004 0.504 | 0.006 | 0.510 546 a M4 He Ho re 
| Se 0.5625 0.004 0.566 | 0.007 | 0.573 3g He = 3% 38 6 
| 19% 0.5988 0.004 0.598 | 0.007 | 0.605 = = 6 = = a 
| 5 0.6250 0.004 0.629 | 0.007 | 0.636 Yeo 38 = Ke Ko % 
— U4e 0.6875 | 0.004 0.692 | 0.007 | 0.699 = a % a: cy = 
is 0.7500 0.005 0.755 | 0.008 | 0.763 M4 Ke ay 4% 1g 34 
|| 1255 0.7812 | 0.005 0.786 | 0.008 | 0.794 = = Ke I rg: 5 
| 13/, 0.8125 0.005 0.818 | 0.008 | 0.826 == i) = = %6 G 
| % 0.8750 0.005 0.880 | 0.008 | 0.888 46 %e Wy He % % 
A%{_ «0.9875 0.006 0.944 | 0.009 | 0.953 8 = %e % = i 
Bi 1.0000 0.006 1.006 | 0.009 | 1.015 = % G3 = 34 1 
1X6 1.0625 0.006 1.068 | 0.009 | 1.077 a == 3 4 = — 
| cbr, 1.1250 0.007 1.132 0.010 1.142 34 34 == = % 1% 
134 1.2500 0.007 1257 OLO10ma) 1,267 — a 4 % a 14 
| 1 1546 1.3125 0.008 A B20 St OCOLT ee) 37331 % % a Ss 1 7. 
| 13g 1.3750 0.008 1.383 0.011 1;394 — — — = 13 
| Wwe 1.4375 0.008 1.446 |~ 0.011 | 1.457 — = % 1 = e3 
1 
} sg 1.5000 0.008 1.508. | 0.012 | 1.520 1 1 - = ig 13 
156 1.6250 0.009 1.634 -| 0.012 | 1.646 mS — t 1 = ae 
(1146 ~—:1.6875 0.009 1.696 | 0.012 | 1.708 1 16 = = 14 a 
118{, =: 1.8125 0.010 1 eo2iteOv Obie 1.885 = 77 lg 1)4 a = 
1% 1.8750 0.010 1.885 |, 0.013 | 1.898 14% 14 — oi — = 
| 2 2.0000 0.011 2.011 0.014 | 2.025 — — 14 13 = = 
246 2.0625 0.011 2.074 | 0.014 | 2.088 13¢ 13g =n = a 4 
2346 Bye as 0.012 P2000 i OL015;) 4) 2215 a 13g 1} a = 
244 2.2500 0.012 25962)7| 0,015 V1 2.277 1g 14g — — — aa 
28 2.3750 0.013 2.388 | 0.016 | 2.404 — — 11g = = = 
2246 2.4375 0.013 2.450 | 0.016 | 2.466 15¢ 15¢ = = 4 = 
2%6 2.5625 0.014 2.576 | 0.017 | 2.593 = = 15g ee a ry 
25¢ 2.6250 0.014 2.639 | 0.017 | 2.656 134 134 — — — = 
| 234 2.7500 0.014 2°7662|\ LOlOL7 .|"'2.783 =F —% 134 = ei = 
213/, 2.8125 0.015 2.827 | 0.018 | 2.845 1% 1% — = —_ = 
2154, 2.9375 0.016 2.954 | 0.019 | 2.973 — = 1% = = = 
Bg 3.0000 | 0.016 | 3.016 | 0.019 | 3.035 | 2 2 = at = = 
3g 3.1250 0.017 3.142 | 0.020 | 3.162 2 _ — me 
336 3.3750 0.018 3.393 | 0.021 | 3.414 244 214 — _ — = 
335 3.5000 | 0.019 3.518 | 0.022 | 3.540 — — 214 = = = 
334 3.7500 0.020 S700 0.023.) 3.793 2g 2g a = oe * 
33% 3.8750 0.020 3.895 | 0.023 | 3.918 — = 2g = =e a 
4 4.1250 0.022 4.147 | 0.025 | 4.172 234 234 — — = = 
414 4.2500 0.022 4,272 | 0.025 | 4.297 — = 234 = ay = 
4.5000 0.024 4.524 | 0.026 | 4.550 3 3 — = a = 
45¢ 4.6250 0.024 4.649 | 0.027 | 4.676 = — 3 _ = — 
5.0000 0.026 5.026 | 0.029 | 5.055 — — 344 = 5 me 
53 5.3750 0.028 5.403 0.031 5.434 _ os 3h6 a7 a a 
534 5.7500 0.030 5.780 | 0.033 | 5.813 - = 334 ry a: oi 
616 6.1250 0.032 6.157 | 0.085 | 6.192 ~— _ 4 ae car > 


Machine-screw 


nuts and stove-bolt 


nuts 


ae Phe CUA fac em a al a ie 2 ert ee Ft cafe) EN 


fectiedbe 


fatal 


b An 


® Wrenches shall be marked with the ‘Nominal Size of Wrench” which is Bonet the basic or maximum width across flats of the corresponding bolt head or nut. 
| lowance (minimum clearance) between maximum width across flats of nut or bolt head and jaws of wrench equals (1.005 W + 0.001). 
9 © Tolerance on wrench opening equals plus (0.005 W + 0.004) from minimum (W equals nominal size of wrench). 
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Head Screws, ASA B18.6—1947. 
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TAPPING SCREWS 


Macuine Screws (Heap Typrs anp DIMENSIONS) 


Binding head....... 6 Blat headie. .cn.a0-- 2, 15 
; Cross recessed.... 6a, 6b || Hexagon head...... 21 
; Fillister head....... 3 Oval heads . 2224....31 4,17 
| Cross recessed.... 3a, 3b} Pan head........... 7 
| Drilled eer fh<2 9 Round head........ 1, 16 
Flat head, 82 deg.... 2 Truss head ..2...2-. 5 
| Cross recessed.... 2a, 2b Thread dimensions, 
i Flat head, 100 deg... 10 MORAG bets = <3 18 
| Cross recessed.... 10a, 10b ‘bype:Bissdecsenck3 19 
|, Hexagon head....... 8 ype CaRgot s2 20 
Header points....... 11 
| Oval: head. ........1. 4 
| Cross recessed.... 4a, 4b |Woop Screws 
| Panvheadie.... .2ea.k is Flat head........... 15 
i Cross recessed.... 7a, 7b Cross recessed.... 15a, 15b 
| Round: head... 1 Owal headig23. f22...: 17 
wh Cross recessed.... 1a, 1b Cross recessed.... 17a, 17b 
Truss head......... 5 Round head........ 16 
i Cross recessed.... 5a, 5b Cross recessed..-. 16a, 16b 


Scope—This SAE Standard is intended to cover the head 
dimensions, body diameters, screw lengths, and thread lengths 
of the various types of machine, cap, wood, tapping, and head- 
| less set screws. 
| Machine Screws—General Data (Tables 1 through 11) 

Bearing Surface—The bearing surface of machine-screw heads, 
except flat and oval heads shall be at right angles to the body 
within 2 deg. 

Eccentricity—The heads of machine screws shall not be ec- 
| centric with the body beyond a tolerance of 3% of the maximum 
| head diameter. 
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Radius of the Fillet Under the Head—Radius of fillet under 
the head of machine screws shall not exceed one half of the pitch 
of the thread, except for flat and oval head, which shall not ex- 
ceed two times the pitch of the thread. 

Depth of Slots—The depth of slots is measured from the high- 


_ est part of the head to the intersection of the bottom of the slot 


with the head surface. 

Unthreaded Diameter—The diameter of the unthreaded por- 
tion of machine screws shall not be less than the minimum 
pitch diameter nor more than the maximum major thread 
diameter. 

Length of Machine Screw—The length of machine screws shall 
be measured from the largest diameter of the bearing surface of 
the head to the extreme point, in a line parallel to the axis of the 
screw 

Tolerance in Length—The length of machine screws shall not 
vary from that specified by more than the following: up to 1 in. 
in length, minus 14» in.; over 1 in. to 2 in., inclusive, minus 
lf, in.; over 2 in., minus 349 in. 

Length of Thread—On machine screws 2 in. long and shorter, 
the complete threads shall extend to within two threads of the 
bearing surface of the head or closer if practicable. Screws of 
longer length shall have a minimum complete thread length of 
134 in. 

Points—Machine screws are regularly supplied with a plain 
sheared end, not pointed. Header points are obtainable up to 
certain lengths for specific applications (Table 11). Pointing of 
longer lengths will require machining. 

Thread Series and Tolerances—The screw threads on machine 
screws shall be either the American National Coarse (NC-2) or 
the American National Fine-Thread Series (NF-2), Class 2. 

Finish—Machine screws are regularly supplied with a natu- 
rally bright finish, not heat-treated. 

Header Points—See Table 11. 

All table dimensions are in inches. 


(Tables begin on next page.) 
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See Note : 


E 
(2in.and Under) (Over 2in.) 


TABLE 1—Dimensions of Round-Head Machine Screws a, { 
D A H J T | 
a oa Ae Head diameter Height of head Width of slot Depth of slot 
diameter 
of screw Max Min Max Min Max Min Max Min 
0 0.060 0.113 0.099 0.053 0.043 0.023 0.016 0.039 0.029 
1 0.073 0.138 0.122 0.061 0.051 0.026 0.019 0.044 0.033 
2 0.086 0.162 0.146 0.069 0.059 0.031 0.023 0.048 0.037 
3 0.099 0.187 0.169 0.078 0.067 0.035 0.027 0.053 0.040 
4 0.112 0.211 0.193 0.086 0.075 0.039 0.031 0.058 0.044 
5 0.125 0.236 0.217 0.095 0.083 0.043 0.035 0.063 0.047 
6 0.138 0.260 0.240 0.103 0.091 0.048 0.039 0.068 0.051 
8 0.164 0.309 0.287 0.120 0.107 0.054 0.045 0.077 0.058 
10 0.190 0.359 0.334 0.137 0.123 0.060 0.050 0.087 0.065 
12 0.216 0.408 0.382 0.1538 0.139 0.067 0.056 0.096 0.072 
yy 0.250 0.472 0.443 0.175 0.160 0.075 0.064 0.109 0.082 
He 0.3125 0.590 0.557 0.216 0.198 0.084 0.072 0.132 0.099 
3 0.375 0.708 0.670 0.256 0.237 0.094 0.081 0.155 0.117 
6 0.4375 0.750 0.707 0.328 0.307 0.094 0.081 0.196 0.148 
A 0.500 0.813 0.766 0.355 0.332 0.106 0.091 0.211 0.159 
Ke 0.5625 0.938 0.887 0.410 0.385 0.118 0.102 0.242 0.183 
% 0.625 1.000 0.944 0.438 0.411 0.133 0.116 0.258 0.195 
34 0.750 1.250 1.185 0.547 0.516 0.149 0.131 0.320 0.242 
Note—Refer to Machine Screws—General Data..- mum values have been decreased to provide tolerances in pro- 
Head dimensions for sizes 7{, in. and larger are in agreement portion to balance of table. 


with round-head cap screw dimensions, except that the mini- 
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This type of recess consists of two intersecting slots with 


parallel sides converging to a sharp apex at bottom of recess. 


|. TABLE la—Cross-Recess Dimensions of Round-Head Machine 


Screws 
D M fe N 
NOM- 4 d 
pies 3 Lee Diameter of recess Dene! Wietier 
SuatEey Max Min Max Min 
0 0.060 0.073 0.064 0.048 0.009 
1] 0.073 0.090 0.079 0.059 0.012 
2 0.086 0.105 0.095 0.068 0.015 
3 0.099 0.122 0.110 0.079 0.018 
4 0.112 0.137 0.125 0.089 0.021 
5 0.125 0.153 0.141 0.100 0.024 
6 0.1388 0.169 0.156 0.110 0.027 
8 0.164 0.201 0.186 0.131 0.032 
10 0.190 0.233 0.217 0.152 0.088 
(12 0.216 0.265 0.248 0.173 0.044 
A 0.250 0.306 0.288 0.199 0.051 
SMe | 0.8125 | 0.384 0.362 0.250 0.065 
3g 0.375 0.460 0.4386 0.299 0.078 
Ke | 0.4875 | 0.487 0.460 0.316 0.083 
ye 0.500 0.528 0.497 0.343 0.089 
%_| 0.5625} 0.609 0.575 0.397 0.104 
5 0.625 0.650 0.614 0.424 0.112 
34 0.750 0.650 0.614 0.424 0.112 


DRIVER SIZE 


Point 
same on 
all 
drivers 
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This type of recess has a large center opening, tapered wings, 


and blunt bottom, with all edges relieved or rounded. 


TABLE 1b—Cross-Recess Dimensions of Round-Head 
Machine Screws 


D M T N 
INAL M. Diameter of recess Depth of | Width of | perver size 
SIZE ae recess recess 
ofsereny | ates Min Max Min 
0 0.060 z= — = = se 
1 0.073 oss ne — = == 
2 0.086 0.097 0.087 0.071 0.017 1 
3 0.099 0.106 0.096 0.080 0.018 1 
4 0.112 0.115 0.105 0.090 0.017 1 
5 0.125 0.151 0.141 0.104 0.027 2 
6 0.138 0.159 0.149 0.112 0.027 2 
8 0.164 0.175 0.165 0.128 0.030 2 
10 0.190 0.192 0.182 0.145 0.031 2 
12 0.216 0.246 0.236 0.165 0.036 3 
y% 0.250 0.265 0.255 0.187 0.037 3 
ve 0.3125 0.305 0.295 0.227 0.043 3 
34 0.375 0.384 0.374 0.281 0.064 4 
6 0.4375 0.399 0.389 0.297 0.066 4 
V4 0.500 0.413 0.403 0.314 0.068 4 
Ke 0.5625 0.458 0.448 0.360 0.075 4 
5g 0.625 0.606 0.586 0.397 0.083 5 
34 0.750 0.713 0.693 0.502 0.095 5 


NOMINAL SIZE 
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TABLE 2—Dimensions of Flat-Head Machine Screws 


A fi iS: H 


Uf 


ye 


Max diameter 


Head diameter Height of head 


Width of slot 


Depth of slot 


on min 

a bce poe min with screw Max Min Max Min Max Min 

0.060 0.119 0.105 0.101 0.002 0.0385 0.026 0.023 0.016 0.015 0.010 
0.073 0.146 0.130 0.126 0.003 0.043 0.033 0.026 0.019 0.019 0.012 
0.086 0.172 0.156 0.150 0.003 0.051 0.040 0.031 0.023 0.023 0.015 
0.099 0.199 0.181 0.175 0.004 0.059 0.048 0.0385 0.027 0.027 0.017 
0.112 0.225 0.207 0.200 0.004 0.067 0.055 0.039 0.031 0.030 0.020 
0.125 0.252 0.232 0.225 0.005 0.075 0.062 0.043 0.035 0.034 0.022 
0.138 0.279 0.257 0.249 0.005 0.083 0.069 0.048 0.039 0.038 0.024 
0.164 0.332 0.308 0.300 0.006 0.100 0.084 0.054 0.045 0.045 0.029 
0.190 0.385 0.359 0.348 0.007 0.116 0.098 0.060 0.050 0.053 0.034 
0.216 0.438 0.410 0.397 0.008 0.132 0.112 0.067 0.056 0.060 0.039 
0.250 0.507 0.477 0.462 0.009 0.153 0.131 0.075 0.064 0.070 0.046 
0.3125 0.635 0.600 0.581 0.011 0.191 0.165 0.084 0.072 0.088 0.058 
0.375 0.762 0.722 0.700 0.013 0.230 0.200 0.094 0.081 0.106 0.070 
0.4375 0.812 0.771 0.743 0.016 0.223 0.190 0.094 0.081 0.1038 0.066 
0.500 0.875 0.831 0.802 0.018 0.223 0.186 0.106 0.091 0.103 0.065 
0.5625 1.000 0.950 0.919 0.020 0.260 0.220 0.118 0.102 0.120 0.077 
0.625 1.125 1.069 1.035 0.023 0.298 0.253 0.133 0.116 0.137 0.088 
0.750 TAS 7s 1.306 1.267 0.027 0.372 0.319 0.149 0.131 0.171 0.111 


Note—Refer to Machine Screws—General Data. 
Edges of head may be rounded. 
Short-length flat-head screws with a length equal to or less 


with standard head diameters. 


with slot depths and recess dimensions proportionately less but 


SIZE 


SCREW LENGTH 
EQUAL TO OR 
LESS THAN 


SCREW LENGTH 


than the accompanying list have undercut heads, with the conical screw | SCREWLENGTH ||. Ly | 
bearing surface approximately two thirds of the standard height, See emia 
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This type of recess consists of two intersecting slots with This type of recess has a large center opening, tapered wings, 
parallel sides converging to a sharp apex at bottom of recess. and blunt bottom, with all edges relieved or rounded. 
: 
\ TABLE 2a—Cross-Recess Dimensions of Flat-Head TABLE 2b—Cross-Recess Dimensions of Flat-Head 
Machine Screws Machine Screws 
D M a N D M f, N 
NOM- A NOM- * 
é Depth of | Width of . Depth of | Width of DRIVER 
doe Pte ch Diameter of recess recess recess! {)DN1VEE SH moe Piavs Diameter of recess Ses recess SIZE 
oreaeey Tl | Max Min Max Min CRP reN + UO Nae Min Max Min 


0 0.060 0.090 0.079 0.058 0.012 0 

1 0.073 0.109 0.097 0.071 0.016 1 — 

2 0.086 0.129 0.117 0.084 0.019 2 0.086 0.099 0.089 0.060 0.017 
3 3 

4 4 


0.099 0.150 0.136 0.097 0.022 
0.112 0.169 0.155 0.110 0.026 


o 
S 
oO 
Vo} 
oOo 
_ 
b= 
S 
(=) 
re) 
r= 
So 
S 
on 
= 
oO 
= 
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eee | 


5 0.125 0.189 0.174 0.123 0.030 5 0.125 0.151 0.141 0.083 0.027 2 
6 0.138 0.209 0.193 0.136 0.033 6 0.138 0.171 0.161 0.103 0.029 2 
8 0.164 0.249 0-238 0.162 0.040 Point 8 0.164 0.186 0.176 0.118 0.031 2 
10 0.190 0.289 0.269 0.188 0.047 A 10 0.190 0.201 0.191 0.133 0.032 2 
1 0.216 0.329 | -0.308 0.214 0.055 His 12 0.216 0.265 0.255 0.158 0.038 3 
drivers 

yy 0.250 0.380 0.358 0.248 0.064 \% 0.250 0.280 0.270 0.168 0.039 3 
546 | 0.8125 | 0.476 0.450 0.310 0.081 h{6 | 0.8125 | 0.362 0.352 0.213 0.061 4 
3% 0.375 0.572 0.542 0.372 0.098 38 0.375 0.390 0.380 0.242 0.065 4 
He | 0.4375 | 0.609 0.578 0.397 0.105 %6| 0.43875 | 0.406 0.396 0.258 0.068 4 
oa 0.500 0.656 0.623 0.428 0.114 Vg 0.500 0.421 0.411 0.273 0.069 4 
%_—| 0.5625 | 0.656 0.623 0.428 0.114 %e— | 0.5625 | 0.446 0.426 0.297 0.073 4 
54 0.625 0.656 0.623 0.428 0.114 4 0.625 0.662 0.642 0.339 0.089 5 
3% 0.750 0.656 0.623 0.428 0.114 34 0.750 0.745 0.725 0.403 0.100 5 
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TABLE 3—Dimensions of Fillister-Head Machine Screws 


D a H ry) J T 
ae ie ee Head diameter Height of head Total height of head Width of slot Depth of slot 
achat Max Min Max Min Max Min Max Min Max Min 
0 0.060 0.096 0.083 0.045 0.037 0.059 0.048 0.023 0.016 0.025 0.015 
1 0.073 0.118 0.104 0.053 0.045 0.071 0.055 0.026 0.019 0.031 0.020 
2 0.086 0.140 0.124 0.062 0.053 0.083 0.066 0.031 0.023 0.037 0.025 
3 0.099 0.161 0.145 0.070 0.061 0.095 0.077 0.035 0.027 0.043 0.030 
4 0.112 0.183 0.166 0.079 0.069 0.107 0.088 0.039 0.031 0.048 0.085 
5 0.125 0.205 0.187 0.088 0.078 0.120 0.100 0.043 0.085 0.054 0.040 
6 0.1388 0.226 0.208 0.096 0.086 0.132 0.111 0.048 0.039 0.060 0.045 
8 0.164 0.270 0.250 0.1138 0.102 0.156 0.133 0.054 0.045 0.071 0.054 
10 0.190 0.313 0.292 0.1380 0.118 0.180 0.156 0.060 0.050 0.083 0.064 
12 0.216 0.357 0.334 0.148 0.1384 0.205 0.178 0.067 0.056 0.094 0.074 
A 0.250 0.414 0.389 0.170 0.155 0.237 0.207 0.075 0.064 0.109 0.087 
346 0.3125 0.518 0.490 0.211 0.194 0.295 0.262 0.084 0.072 0.137 0.110 
34 0.375 0.622 0.590 0.253 0.233 0.355 0.315 0.094 0.081 0.164 0.183 
He 0.4875 0.625 0.589 0.265 0.242 0.368 0.321 0.094 0.081 0.170 0.135 
oA 0.500 0.750 0.710 0.297 0.273 0.412 0.362 0.106 0.091 0.190 0.151 
Ke 0.5625 0.812 0.768 0.336 0.308 0.466 0.410 0.148 0.102 0.214 0.172 
+4 0.625 0.875 0.827 0.375 0.345 0.521 0.461 0.183 0.116 0.240 0.193 
34 0.750 1.000 0.945 0.441 0.406 0.612 0.542 0.149 0.131 0.281 0.226 


Note—Refer to Machine Screws—General Data. 
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This type of recess consists of two intersecting slots with This type of recess has a large center opening, tapered wings, 
parallel sides converging to a sharp apex at bottom of recess. and blunt bottom, with all edges relieved or rounded. 
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TABLE 3a—Cross-Recess Dimensions of Fillister-Head TABLE 3b—Cross-Recess Dimensions of Fillister-Head 

Machine Screws Machine Screws 
i 
4 
| D M T N D M ie N 
NOM * NOM- e 
. Depth of | Width of DRIVER . Depth of | Width of DRIVER 

| aon eee. Diameter of recess Peccas racens SIZE oe Fen Diameter of recess Pacese recess SIZE 
ipo tt ee Min Max Min aes oh Figs Min Max Min 


0.060 | 0.072 | 0.062 | 0.047 | 0.008 0 | 0.060 = = _ — = 
0.073 | 0.088 | 0.078 | 0.057 | “0.012 1 | 0.073 a = oe = sé 
0.086 | 0.105 | 0.093 | 0.069 | 0.014 2 | 0.086 | 0.103 | 0.093 | 0.076 | 0.018 1 
0.099 | 0.121 | 0.109 | 0.079 | 0.017 3 | 0.099 | 0.113 | 0.103 | 0.087 | 0.018 1 
0.112 | 0.137 | 0.124 | 0.089 | 0.020 4 | 0.112 | 0.125 | 0.115 | 0.099 | 0.018 1 
0.125 | 0.154 | 0.140 | 0.101 | 0.023 5 | 0.125 | 0.158 | 0.148 | 0.109 | 0.028 2 
0.138 | 0.169 | 0.156 | 0.110 | 0.026 6 | 0.138 | 0.169 | 0.159 | 0.121 | 0.029 2 
0.164 | 0.202 }-0.187 | 0.182 | 0.082 | 5. 8 | 0.164 | 0.191 | 0.181 | 0.144 | 0.032 2 
0.190 | 0.235 | 0.219 | 0.153 | 0.038 10 | 0.190 | 0.213 | 0.203 | 0.167 | 0.034 2 
0.216 | 0.268 | 0.250 | 0.175 | 0.044 aaa 12 | 0.216 | 0.271 | 0.261 | 0.191. | 0.039 3 
0.250 | 0.310 | 0.292 | 0.202 | 0.052 | 2tvers \% | 0.250 | 0.299 | 0.289 | 0.220 | 0.042 3 
0.3125 | 0.388 | 0.367 | 0.253 | 0.065 5, | 0.3125 | 0.352 | 0.342 | 0.276 | 0.049 3 
0.375 | 0.466 | 0.442 | 0.303 | 0.079 3% | 0.375 | 0.434 | 0.424 | 0.381 | 0.072 4 
0.43875 | 0.469 | 0.442 | 0.303 | 0.079 Ug | 0.4375 | 0.443 | 0.433 | 0.334 | 0.074 4 
0.500 | 0.562 | 0.532 | 0.366 | 0.096 % | 0.500 | 0.449 | 0.439 | 0.389 | 0.074 4 
0.5625 | 0.609 | 0.576 | 0.397 | 0.105 %,_| 0.5625; — a = bss = 
0.625 | 0.609 | 0.576 | 0.397 | 0.105 561-4). 625 aes Ener aaa = = 
0.750 | 0.609 | 0.576 | 0.397 | 0.105 3% | 0.750 = meni = me = 
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See Note 
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(2in. and Under) (Ceara) 
TABLE 4—Dimensions of Oval-Head Machine Screws 
D A Ss H oO Z J Fy 
NOMINAL Head diameter Height of head Total height of head Width of slot Depth of slot 
SIZE paar Flat 
iameter E Absol on min 
of screw Spe ae min with eh! Max Min Max Min Max Min Max Min 
max 

0 0.060 0.119 0.105 0.101 0.002 0.0385 0.026 0.056 0.041 0.023 0.016 0.030 0.025 
1 0.073 0.146 0.130 0.126 0.003 0.043 0.033 0.068 0.052 0.026 0.019 0.038 0.031 
2 0.086 0.172 0.156 0.150 0.003 0.051 0.040 0.080 0.063 0.031 0.023 0.045 0.037 
3 0.099 0.199 0.181 0.175 0.004 0.059 0.048 0.092 0.073 0.035 0.027 0.052 0.043 
4 0.112 0.225 0.207 0.200 0.004 0.067 0.055 0.104 0.084 0.039 0.031 0.059 0.049 
5 0.125 0.252 0.232 0.225 0.005 0.075 0.062 0.116 0.095 0.0438 0.035 0.067 0.055 
6 0.138 0.279 0.257 0.249 0.005 0.083 0.069 0.128 0.105 0.048 0.039 0.074 0.060 
8 0.164 0.332 0.308 0.300 0.006 0.100 0.084 0.152 0.126 0.054 0.045 0.088 0.072 
10 0.190 0.385 0.359 0.348 0.007 0.116 0.098 0.176 0.148 0.060 0.050 0.103 0.084 
12 0.216 0.438 0.410 0.397 0.008 0.1382 0.112 0.200 0.169 0.067 0.056 0.117 0.096 
y% 0.250 0.507 0.477 0.462 0.009 0.1538 0.131 0.232 0.197 0.075 0.064 0.136 0.112 
Ke 0.3125 0.635 0.600 0.581 0.011 0.191 0.165 0.290 0.249 0.084 0.072 0.171 0.141 
34 0.375 0.762 0.722 0.700 0.013 0.230 0.200 0.347 0.300 0.094 0.081 0.206 0.170 
Ve 0.4875 0.812 0.771 0.743 0.016 0.223 0.190 0.345 0.295 0.094 0.081 0.210 0.174 
A 0.500 0.875 0.831 0.802 0.018 0.223 0.186 0.354 0.299 0.106 0.091 0.216 0.176 
Ke 0.5625 1.000 0.950 0.919 0.020 0.260 0.220 0.410 0.350 0.118 0.102 0.250 0.207 
56 0.625 1.125 1.069 1.035 0.023 0.298 0.253 0.467 0.399 0.1383 0.116 0.285 0.235 
34 0.750 1.375 1.306 1.267 0.027 0.372 0.319 0.578 0.497 0.149 0.131 0.353 0.293 


Note—Refer to Machine Screws—General Data. 

Edges of head may be rounded. 

Short-length oval-head screws with a length equal to or less 
than the accompanying list have undercut heads, with the conical 
bearing surface approximately two thirds of the standard height, 


with slot depths and recess dimensions proportionately less but 
with standard head diameters. 


SCREW LENGTH SCREW LENGTH SCREW LENGTH 

cures | Sue reon [ecere | "euaezooe Vere | eee 
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Machine Screws 


This type of recess consists of two intersecting slots with 
parallel sides converging to a sharp apex at bottom of recess. 


TABLE 4a—Cross-Recess Dimensions of Oval-Head 


tp M i N 
NOM- & 
ad Pe Diameter of recess Denes ot Wiathot ees * 
ot crew Max Min Max Min 
0 | 0.060 | 0.090 | 0.079 | 0.058 | 0.012 
| 1 | 0.073 | 0.109 | 0.097 | 0.071 | 0.016 
| 2 | 0.086 | 0.129 | 0.117 | 0.084 | 0.019 
| 3 | 0.099 | 0.150 | 0.136 | 0.097 | 0.022 
4 | 0.112 | 0.169 | 0.155 | 0.110 | 0.026 
| 5 | 0.126 | 0.189 | 0.174 | 0.128 | 0.030 
6 | 0.188 | 0.209 }..0.193 | 0.136 | 0.033 
| 8 | 0.164 | 0.249 | 0.231 | 0.162 | 0.040 |p... 
| 10 | 0.190 | 0.289 | 0.269 | 0.188 | 0.047 | Oe 
| 12 | 0.216 | 0.329 | 0.308 | 0.214 | 0.055 
: on all 
‘| 0.250 | 0.380 | 0.358 | 0.248 | 0.064 drivers 
544 | 0.3125| 0.476 | 0.450 | 0.310 | 0.081 
| 36 | 0.375 | 0.572 | 0.542 | 0.372 | 0.098 
Y%_| 0.4375] 0.609 | 0.578 | 0.397 | 0.105 
1% | 0.500 | 0.656 | 0.623 | 0.428 | 0.114 
%_| 0.5625| 0.656 | 0.623 | 0.428 | 0.114 
54 | 0.625 | 0.656 | 0.623 | 0.428 | 0.114 
3% | 0.750 | 0.656 | 0.623 | 0.428 | 0.114 
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This type of recess has a large center opening, tapered wings, 


and blunt bottom, with all edges relieved or rounded, 


TABLE 4b—Cross-Recess Dimensions of Oval-Head 


Machine Screws 


D M T N 
NOM- 3 
pee . Max Diameter of recess Deas DEE OE pet 
piscrew Max Min Max Min 
0 0.060 —_ — — — — 
1 0.073 —_— — — = — 
2 0.086 0.109 0.099 0.078 0.018 1 
3 0.099 0.121 0.111 0.090 0.019 1 
4 0.112 0.133 0.123, 0.103 0.019 1 
5 0.125 0.155 0.145 0.098 0.028 2 
6 0.138 0.175 0.165 0.119 0.030 2 
8 0.164 0.189 0.179 0.133 0.031 2 
10 0.190 0.206 0.196 0.151 0.033 2 
12 0.216 0.267 0.257 0.174 0.088 3 
A 0.250 0.287 0.277 0.194 0.040 3 
%{6 | 0.3125 | 0.387 0.377 0.266 0.065 4 
34 0.375 0.407 0.397 0.285 0.068 4 
6 | 0.4875 | 0.419 0.409 0.298 0.070 4 
A 0.500 0.434 0.424 0.314 0.071 4 
Ke 0.5625 | 0.464 0.444 0.342 0.075 4 
4 0.625 0.656 0.6386 0.387 0.089 5 
34 0.750 0.741 0.721 0.452 0.098 5 
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TABLE 5—Dimensions of Truss-Head Machine Screws 
D A H J T R 
open Max dinseter Head diameter Height of head Width of slot Depth of slot Radius 
i: Max Min Max Ge Max Min Max Maa Max 

Z 0.086 0.194 0.180 0.053 0.044 0.031 0.023 0.031 0.022 0.129 
3 0.099 0.226 0.211 0.061 0.051 0.035 0.027 0.036 0.026 0.151 
4 0.112 0.257 ~ 0.241 0.069 0.059 0.039 0.031 0.040 0.030 0.169 
5 0.125 0.289 0.272 0.078 0.066 0.043 0.035 0.045 0.034 0.191 
6 0.138 0.321 0.303 0.086 0.074 0.048 0.039 0.050 0.037 0.211 
7* 0.151 0.352 0.333 0.094 0.081 0.048 0.039 0.054 0.041 0.231 
8 0.164 0.384 0.364 0.102 0.088 0.054 0.045 0.058 0.045 0.254 
10 0.190 0.448 0.425 0.118 0.103 0.060 0.050 0.068 0.053 0.283 
12 0.216 0.511 0.487 0.134 0.118 0.067 0.056 0.077 0.061 0.336 
4% 0.250 0.573 0.546 0.150 0.133 0.075 0.064 0.087 0.070 0.375 
He 0.3125 0.698 0.666 0.183 0.162 0.084 0.072 0.106 0.085 0.457 
36 0.375 0.823 0.787 0.215 0.191 0.094 0.081 0.124 0.100 0.538 
He 0.4875 0.948 0.907 0.248 0.221 0.094 0.081 0.142 0.116 0.619 
¥% 0.500 1.073 1.028 0.280 0.250 0.106 0.091 0.161 0.131 0.701 
Ke 0.5625 1.198 1.149 0.312 0.279 0.118 0.102 0.179 0.146 0.783 
x% 0.625 1.323 1.269 0.345 0.309 0.133 0.116 0.196 0.162 0.863 
34 ) 0.750 / 1.573 | 1.511 0.410 0.368 0.149 0.131 0.234 0.182 1.024 


® Dimensions of No. 7 size are included only for tapping screws. 


Note—Refer to Machine Screws—General Data. 
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i This type of recess consists of two intersecting slots with This type of recess has a large center opening, tapered wings, 
| parallel sides converging to a sharp apex at bottom of recess. and blunt bottom, with all edges relieved or rounded. 
| 
7 
| 
! 
| TABLE 5a—Cross-Recess Dimensions of Truss-Head Table 5b—Cross-Recess Dimensions of Truss-Head 
; Machine Screws Machine Screws 
D u T N D M L N 
NOM-— u NOM-— 4 
es st + Diameter of recess Dison of re ‘ pee aise Sees a: Diameter of recess Denti of belles cea ig 
{ 
| ee Max Min Max Min eas Max Min Max Min 
| ae pene tes IN 
2 0.086 0.109 0.101 0.071 0.016 2 0.086 0.101 0.091 0.071 0.017 1 
| 3 0.099 0.127 0.118 0.084 0.019 3 0.099 0.107 0.097 0.075 0.017 1 
4 0.112 0.144 0.135 0.194 0.022 4 0.112 0.109 0.099 0.078 0.017 1 
| 5 0.125 0.162 0.152 0.106 0.025 5 0.125 0.125 0.115 0.095 0.018 1 
| 6 0.188 0.183 0.173 0.119 0.029 6 0.138 0.155 0.145 0.100 0.027 2 
| C2 SOL T5L 0.198 0.186 0.129 0.031 7* | 0.151 0.162 0.152 0.107 0.028 2 
8 0.164 0.216 | 0.206 | 0.141 0.035 8 0.164 0.170 0.160 0.115 0.029 2 
| - 10 0.190 0.251 0.239 | 0.164 0.042 Point 10 0.190 0.185 0.175 0.1381 0.030 2 
| 12 0.216 0.286 0.273 0.187 0.048 | same 12 0.216 0.245 0.235 0.155 0.085 3 
on all 
\K 0.250 0.324 0.310 0.212 0.055 | drivers yy 0.250 0.260 0.250 0.170 0.036 3 
S46 | 0.8125 | 0.391 0.373 0.255 0.067 46 | 0.3125] 0.349 0.339 0.234 0.059 4 
% 0.375 0.461 0.441 0.300 0.079 34 0.375 0.380 0.370 0.266 0.063 s 
He | 0.4875] 0.531 0.508 0.345 0.092 Ye | 0.4875 | 0.411 0.401 0.297 0.068 4 
% 0.500 0.601 0.576 0.391 0.105 % 0.500 0.419 0.409 0.308 0.069 a 
%e6| 0.5625] 0.671 0.643 0.437 0.118 %—| 0.5625 | 0.455 0.435 0.327 0.074 4 
x 0.625 0.741 0.713 0.482 0.130 54 0.625 0.625 0.605 0.364 0.085 5 
4 0.750 0.881 0.847 0.574 0.154 34 0.750 0.705 0.685 0.427 0.094 5 


® Dimensions of No.7 size are included only for tapping screws. ® Dimensions of No. 7 size are included only for tapping screws. 
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TABLE 6—Dimensions of Binding-Head Machine Screws 


nnn 
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D A Co) ae T F U >a 
NOMINAL SIZE Head Total height Width Depth Height Diameter of Depth of 
Max diameter diameter of head of slot of slot of oval undercut* undercut* 
of screw 
Max Min Max Min Max Min Max Min Max Min Max Min Max Min 
2 0.086 0.181 | 0.171 | 0.046 | 0.041 | 0.031 | 0.023 | 0.030 | 0.024 | 0.018 | 0.013 | 0.141 | 0.124 | 0.010 | 0.005 
3 0.099 0.208 | 0.197 | 0.054 | 0.048 | 0.035 | 0.027 | 0.036 | 0.029 | 0.022 | 0.016 | 0.162 | 0.143 | 0.011 | 0.006 
4 0.112 0.235 | 0.223 | 0.063 | 0.056 | 0.039 | 0.031 | 0.042 | 0.034 | 0.025 | 0.018 | 0.184 | 0.161 | 0.012 | 0.007 
5 0.125 0.263 | 0.249 | 0.071 | 0.064 | 0.048 | 0.035 | 0.048 | 0.039 | 0.029 | 0.021 | 0.205 | 0.180 | 0.014 | 0.009 
6 0.138 0.290 | 0.275 | 0.080 | 0.071 | 0.048 | 0.039 | 0.053 | 0.044 | 0.032 | 0.024 | 0.226 | 0.199 | 0.015 | 0.010 
8 0.164 0.344 | 0.326 | 0.097 | 0.087 | 0.054 | 0.045 | 0.065 | 0.054 | 0.039 | 0.029 | 0.269 | 0.236 | 0.017 | 0.012 
10 0.190 0.399 | 0.378 | 0.114 | 0.102 | 0.060 | 0.050 | 0.077 | 0.064 | 0.045 | 0.034 | 0.312 | 0.274 | 0.020 | 0.015 
12 0.216 0.454 | 0.430 | 0.130 | 0.117 | 0.067 | 0.056 | 0.089 | 0.074 | 0.052 | 0.039 | 0.354 | 0.311 | 0.023 | 0.018 
4 0.250 0.513 | 0.488 | 0.153 | 0.188 | 0.075 | 0.064 | 0.105 | 0.088 | 0.061 | 0.046 | 0.410 | 0.360 | 0.026 | 0.021 
46 0.3125 0.641 | 0.609 | 0.193 | 0.174 | 0.084 | 0.072 | 0.134 | 0.112 | 0.077 | 0.059 | 0.513 | 0.450 | 0.032 | 0.027 
34 0.375 0.769 | 0.731 | 0.234 | 0.211 | 0.094 | 0.081 | 0.163 | 0.136 | 0.094 | 0.071 | 0.615 | 0.540 | 0.039 | 0.0384 


® The use of undercut is optional. 


Note—Refer to. Machine Screws—General Data. 
Break sharp edge where spherical and conical surfaces meet. 
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Machine Screws 


| 
This type of recess consists of two intersecting slots with 
| parallel sides converging to a sharp apex at bottom of recess. 


Table 6a—Cross-Recess Dimensions of Binding-Head 


D Mu T N 
NOM 5 
mat rs Max, Diameter of recess pee. f MEGEE f get x 
| of screw.) aay Min Max Min 
| ?4 0.086 0.118 0.111 0.085 0.022 
3 0.099 0.135 0.128 0.098 0.025 
4 0.112 0.150 0.145 0.108 0.028 
5 0.125 0.171 0.162 0.123 0.031 Point 
| 6 | 0.138 | 0.188 | 0.179 | 0.135 | 0.034 | 2 
8 0.164 0.224 0.212 0.163 0.089 oh all 
10 0.190 0.258 0.246 0.187 0.045 divers 
42 0.216 0.295 0.279 0.213 0.051 
A 0.250 |. 0.333 0.317 0.240 0.058 
Ke 0.3125 0.417 0.396 0.302 0.073 
3% 0.375 0.500 0.475 0.362 0.088 
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This type of recess has a large center opening, tapered wings, 


and blunt bottom, with all edges relieved or rounded. 


TABLE 6b—Cross-Recess Dimensions of Binding-Head 


Machine Screws 


D M 48 N 
NOM- : 
pee ee Diameter of recess Depth of ates eg 
ae Max Min Max Min 
2 0.086 0.097 0.087 0.063 0.017 1 
3 0.099 0.107 0.097 0.073 0.017 1 
4 0.112 0.115 0.105 0.081 0.017 1 
5 + 0.125 0.145 0.135 0.085 0.018 2 
6 0.138 0.157 0.147! 0.098 0.026 2 
8 0.164 0.183 0.173 0.125 0.028 2 
10 0.190 0.202 0.192 0.145 0.029 2 
12 0.216 0.264 0.254 0.169 0.032 3 
yy 0.250 0.278 0.268 0.185 0.046 3 
546 | 0.38125 | 0.347 0.337 0.221 0.068 4 
3% 0.375 0.397 0.387 0.271 0.076 4 
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Zin. and Under) (Over 2 in.) PAN HEAD 
TABLE 7—Dimensions of Pan-Head Machine Screws 
D A H Hj a R 
NOMINAL SIZE ea ree Head diameter Say ere Width of slot Depth of slot Radius ie Ce 
of screw 
Max Min Max Min Max Min Max Min Nominal Max Min 
2 0.086 0.167 0.155 0.053 0.045 0.031 0.023 0.083 0.023 0.035 0.062 0.053 
3 0.099 0.193 0.180 0.060 0.051 0.035 0.027 0.037 0.027 0.037 0.071 0.062 
4 0.112 0.219 0.205 0.068 0.058 0.039 0.031 0.041 0.030 0.042 0.080 0.070 
5 0.125 0.245 0.231 0.075 0.065 0.043 0.035 0.045 0.032 0.044 0.089 0.079 
6 0.1388 0.270 0.256 0.082 0.072 0.048 0.039 0.050 0.038 0.046 0.097 0.087 
7 0.151 0.296 0.281 0.089 0.079 0.048 0.039 0.055 0.040 0.049 0.106 0.096 
8 0.164 0.322 0.306 0.096 0.085 0.054 0.045 0.058 0.048 0.052 0.115 0.105 
10 0.190 0.373 0.357 0.110 0.099 0.060 0.050 0.067 0.050 0.061 0.1383 0.122 
12 0.216 0.425 0.407 0.125 0.112 0.067 0.056 0.077 0.060 0.078 0.151 0.139 
yy 0.250 0.492 0.473 0.144 0.180 0.075 0.064 0.087 0.070 0.087 0.175 0.162 
46 0.3125 0.615 0.594 0.178 0.162 0.084 0.072 0.109 0.092 0.099 0.218 0.203 
36 0.375 0.740 0.716 0.212 0.195 0.094 0.081 0.130 0.113 0.148 0.261 0.244 


® Dimensions of No. 7 size are included only for tapping screws. 


Note—Refer to Machine Screws—General Data. 


This type of recess consists of two intersecting slots with 
parallel sides converging to a sharp apex at bottom of recess. 
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TABLE 7a—Cross-Recess Dimensions of Pan-Head 
Machine Screws 


D M V1) N 
NOM- A 
oa a Max a Diameter of recess periees Shae rye tae 
of screw Max Min Max Min 
2 | 0.086 0.109 0.101 0.071 | 0.018 
3 | 0.099 | 0.125 | 0.117 | 0.082 | 0.021 
Ae On bD2 a 00.142) 4) 02138) 41 0.098) «| 0.024 
5 | 0.125 | 0.159 | 0.150 | 0.104 | 0.027 
6 | 0.188 | 0.176 | 0.166 | 0.115 | 0.030 | Point 
78 | 0.151 0.192 .|. 0.183 |-0.125 | 0.033 | same 
8 | 0.164 | 0.209 | 0.199 | 0.136 | 0.036 | on all 
10 | 0.190 | 0.242 | 0.232 | 0.158 | 0.042 | drivers 
12 | 0.216 | 0.276 | 0.265 | 0.180 | 0.048 
4% | 0.250 | 0.320 | 0.307 | 0.209 | 0.056 
54, | 0.3125] 0.400 | 0.386. | 0.260 |. 0.071 
3g | 0.375 | 0.481 | 0.465 | 0.312 | 0.086 


® Dimensions of No. 7 size are included only for tapping screws. 
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This type of recess has a large center opening, tapered wings, 


and blunt bottom, with all edges relieved or rounded. 


TABLE 7b—Cross-Recess Dimensions of Pan-Head 


Machine Screws 


D M Te N 
Ae Max Diameter of recess Peet Wes f Rape 
SIZE diameter 
OF Serew sl ies Min Max Min 
2 0.086 0.101 0.091 0.071 0.017 1 
3 0.099 0.109 0.099 0.080 0.018 1 
4 0.112 0.119 0.109 0.090 0.018 1 
5 0.125 0.155 0.145 0.1038 0.028 2 
6 0.138 0.163 0.153 0.111 0.028 2 
7* 0.151 0.173 0.163 0.120 0.029 2 
8 0.164 0.179 0.169 0.127 0.0380 2 
10 0.190 0.196 0.186 0.145 0.031 2 
12 0.216 0.256 0.246 0.171 0.037 3 
yy 0.250 0.278 0.268 0.192 0.039 3 
4e 0.312. |-. 0.347 0.337 0.227 0.059 4 
3¢ 0.375 0.390 0.380 0.266 0.065 4 


® Dimensions of No. 7 size are included only for tapping screws. 
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TABLE 8—Dimensions for Hexagon-Head Machine Screws, Plain or Slotted 


STANDARD TRIMMED OR OPTIONAL UPSET TYPE HEAD FOR 
UPSET HEAD SPECIAL REQUIREMENTS 
H Sy Tf, 
NOMINAL ee A W A W HEIGHT OF HEAD WIDTH OF SLOT DEPTH OF SLOT 
eee, DIAMETER i A 
Head diameter eee Head diameter é estes 

Max Min Min Max Min Min Max Min Max Min Max Min 

2 0.0860 0.125 0.120 0.134 — = = 0.050 0.040 —_— — _ —_— 

3 0.0990 0.187 0.181 0.202 — == == 0.055 0.044 — — _ _ 


4 0.1120 0.187 0.181 0.202 0.219 0.213 0.238 0.060 0.049 0.039 0.031 0.036 0.025 


5 0.1250 0.187 0.181 0.202 0.250 0.244 0.272 0.070 0.058 0.043 0.035 0.042 0.030 
6 0.1380 0.250 0.244 0.272 — = ae 0.080 0.067 0.048 0.039 0.046 0.033 
8 0.1640 0.250 0.244 0.272 0.312 0.305 0.340 0.110 0.096 0.054 0.045 0.066 0.052 
10 0.1900 0.312 0.305 0.340 = ce = 0.120 0.105 0.060 0.050 0.072 0.057 
12 0.2160 0.312 0.305 0.340 0.375 0.367 0.409 0.155 | 9.139 0.067 0.056 0.093 0.077 
oA 0.2500 0.375 0.367 0.409 0.437 0.428 0.477 0.190 0.172 0.075 0.064 0.101 0.083 
46 0.3125 0.500 0.491 0.548 == = = 0.230 0.208 0.084 0.072 0.122 0.100 
34 0.3750 0.562 0.552 0.616 = = = 0.295 0.270 0.094 0.081 0.156 0.131 
Note—Refer to Machine Screws—General Data. Total head taper not to exceed 0.008 in. 
Bearing surface of head shall be at right angles to the axis of Dimensions across flats and across corners of the head shall 
the screw within a tolerance of 2 deg and concentric with the be measured at the greatest distance across the flats. 
axis of the body within a tolerance of 3% of the maximum Hexagon-head machine screws are usually not slotted. The 


width across flats. slot is optional. 
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TABLE 9—Dimensions of Fillister-Head Drilled Machine Screws 
D A H Co) J T E 
™SIZE” |yfax diameter) _ Head diameter Height of head Total height of head Width of slot Dene ok slot Nonimal | part size 
drill 
aaa Max Min Max Min Max Min Max Min Max Min location 
2 0.086 0.140 0.124 0.062 0.055 0.083 0.070 0.031 0.023 0.030 0.022 0.026 0.031 
3 0.099 0.161 0.145 0.070 0.064 0.095 0.082 0.085 0.027 0.034 0.026 0.030 0.037 
4 0.112 0.183 0.166 0.079 0.072 0.107 0.094 0.039 0.031 0.038 0.030 0.035 0.037 
5 0.125 0.205 0.187 0.088 0.081 0.120 0.106 0.043 0.035 0.042 0.033 0.038 0.046 
6 0.138 0.226 0.208 0.096 0.089 0.132 0.118 0.048 0.039 0.045 0.035 0.043 0.046 
8 0.164 0.270 0.250 0.113 0.106 0.156 0.141 0.054 0.045 0.065 0.054 0:043 0.046 
10 0.190 0.313 0.292 0.130 0.123 0.180 0.165 0.060 0.050 0.075 0.064 0.043. | 0.046 
12 0.216 0.357 0.334 0.148 0.139 0.205 0.188 0.067 0.056 0.087 0.074 0.053 0.046 
4 0.250 0.414 0.389 0.170 0.161 0.237 0.219 0.075 0.064 0.102 0.087 0.062 0.062 
He 0.3125 0.518 0.490 0.211 0.201 0.295 0.276 0.084 0.072 0.130 0.110 0.078 0.070 
3g. 0.375 0.622 0.590 0.253 0.242 0.355 0.333 0.094 0.081 0.154 0.134 0.094 0.070 


Note—Refer to Machine Screws—General Data. 
Edges of the hole shall be free of burrs. 


Drilled hole to be approximately at right angles to slot but 
must not break through slot. 
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TABLE 10—Dimensions of 100-Deg Flat-Head Machine Screws 


D A s H J T 
Head diameter Height of head Width of slot Dept of slot 
NOMINAL SIZE 
Maz diameter | (77 79 gpa | Flation 
ME ae Max sharp | Min'gharp i) aniumiOiy) > - eee Min Max Min Max Min 
max 5S 
4 Os 0.225 0.207 0.200 0.003 0.048 0.040 0.039 0.031 0.024 0.017 
6 0.138 0.279 O57 0.249 0.004 0.060 0.051 0.048 0.039 0.030 0.022 
8 0.164 0.332 0.308 0.300 0.004 0.072 0.062 0.054 0.045 0.036 0.027 
10 0.190 0.385 0.359 0.348 0.005 0.083 0.072 0.060 0.050 0.042 0.031 
\¥ 0.250 0.507 | 0.477 | 0.462 | 0.006 | 0.110 | 0.097 | 0.075 | 0.064 | 0.055 | 0.042 
46 0.3125 0.635 0.600 0.581 0.008 0.138 0.123 0.084 0.072 0.069 0.053 
%% 0.375 0.762 0.722 0.700 0.009 0.165 0.148 0.094 0.081 0.083 0.064 


Note—Refer to Machine Screws—General Data. 
Edges of head may be rounded. 
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This type of recess consists of two intersecting slots with 
parallel sides converging to a sharp apex at bottom of recess. 


. TABLE 10a—Cross-Recess Dimensions of 100-Deg 
Flat-Head Machine Screws 


This type of recess has a large center opening, tapered wings, 


and blunt bottom, with all edges relieved or rounded. 


TABLE 10b—Cross-Recess Dimensions of 100-Deg 
Flat-Head Machine Screws 


D M T N D r N 
3 NOM- 5 

Pheue Diameter of recess pee f WAH of Pong xe a Le oe Diameter of recess Dertaot Pe casok 

erEcie Max Min Max Min ere Max Min Max Min 
0.112 0.145 0.137 0.095 0.022 4 0.112 0.114 0.104 0.075 0.017 
0.138 0.185 0.174 —|.0-121 0.029 6 0.1388 0.151 0.141 0.083 0.024 
0.164 0.205 0.193 0.134 0.033 Point 8 0.164 0.166 0.156 0.098 0.024 
0.190 0.244 0.231 0.159 0.040 same 10 0.190 0.181 0.171 0.118 0.024 

on all 

0.250 , 0.325 0.307 0.212 0.054 drivers \ 0.250 0.244 0.234 0.132 0.029 
0.3125 | 0.406 0.382 0.264 0.068 He 0.3125 0.314 0.304 0.165 0.042 
0.375 0.485 0.457 0.315 0.082 3¢ 0.375 0.339 0.329 0.190 0.042 
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Edge of point may be 
slightly round 


CHAMFER OF BLANK BrerorE THREADING 


TABLE 11—Dimensions of Header Points for Machine Screws 


lie L ig L 
NOMINAL SIZE THREADS PER INCH Point diameter on NOMINAL SIZE THREADS PER INCH Point diameter Screw 
Max Min Max Max Min Max 
4 40 0.074 0.065 % 12 24 0.149 0. 134 13g 
48 0.079 0.070 4% 28 0.156 0.141 13g 
5 40 0.086 0.076 6 4 20 0.170 0.153 1% 
44 0.088 0.079 4% 28 0.187 0.169 1g 
6 32 0.090 0.080 34 6 18 0.221 0.200 1% 
40 0.098 0.087 34 Pah 0.237 0.215 14 
8 32 0.114 0.102 1 38 16 0.270 0.244 14 
36 0.118 0.106 1 24 0.295 0.267 14% 
10 24 0.125 0.112 14 Ke 14 0.316 0.287 14 
32 0.138 0.124 14 20 0.342 0.310 1% 
46 13 0.367 0.333 1% 
20 0.399 0.362 1 


Capscrews—General Data (Tables 12, 13, and 14) 

Bearing Surface—The bearing surface of capscrew heads, 
except flat heads, shall be within 2 deg of the right angles to the 
body. 

Eccentricity—The heads of round- and fillister-head capscrews 
shall not be eccentric with the body beyond a tolerance of 3% 
of the maximum head diameter. The heads of flat-head capscrews 
shall not be eccentric with the body beyond a tolerance of 
0.010 in. total runout, or 1% of the diameter of the head, which- 
ever is the greater. 

Depth of Slots—The depth of slots is measured from the highest 
part of the head to the intersection of the bottom of the slot 
with the head surface. 

Length of Capscrews—The length of capscrews shall be 


measured from the largest diameter of the bearing surface of 
the head to the extreme point, in a line parallel to the axis of the 
screw. 

Tolerance in Length—The length of capscrews shall not vary 
from that specified by more than the following: up to 1 in. in 
length, minus 142 in.; over 1 in. to 2 in. inclusive, minus }¥¢ in.; 
over 2 in., minus 32 in. 

Length of Thread—The minimum length of thread on cap- 
screws shall be equal to 2 D plus 34 in. A tolerance of plus 244 
pitch minus 0 will be allowed. When capscrews are too short 
for the specified minimum thread length, the complete threads 
shall extend to within 214 threads of the head. 

Points—Capscrews shall have a chamfer point. The included 
angle of the threaded point shall be approximately 90 deg. The 
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diameter of the point shall be: maximum 91.5% of basic minor be either the American National Coarse (NC-3) or the American 
| diameter, plus 0.001 in.; and minimum 83.5% of basic minor National Fine-Thread Series (NF-3). 
| Finish—Slotted-head capscrew heads shall be machined. 


| diameter, minus 0.001 in. Slotted-head capscrews are usually not heat-treated. 
Thread Series and Tolerances—The threads on capscrews shall All table dimensions are in inches. 
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TABLE 12—Dimensions of Flat-Head Capscrews 


D A H T z 
NOMINAL SIZE Body diameter Head diameter Height of head Width of slot Depth of slot 
Max Min Max Min Average Max Min Max Min 
yy 0.250 0.245 0.500 0.477 0.140 0.075 0.064 0.069 0.046 
He 0.3125 0.307 0.625 0.598 0.176 0.084 0.072 0.086 0.057 
36 0.375 0.369 0.750 0.720 0.210 0.094 0.081 0.103 0.069 
Ke 0.4375 0.431 0.8125 0.780 0.210 0.094 0.081 0.103 0.069 
aA 0.500 0.493 0.875 0.841 0.210 0.106 0.091 0.103 0.069 
Xe 0.5625 0.555 1.000 0.962 0.245 0.118 0.102 0.120 0.080 
5% 0.625 0.617 1.125 1.083 0.281 0.133 0.116 0.137 0.092 
% 0.750 0.742 1.375 1.326 0.352 0.149 0.131 0.171 0.115 
KB 0.875 0.866 1.625 1.568 0.423 0.167 0.147 0.206 0.139 
1 1.000 0.990 1.875 1.811 0.494 0.188 0.166 0.240 0.162 
| 
Note—Refer to Capscrews—General Data. The radius of the fillet at the base of the head shall not exceed 
| The maximum and minimum head diameters, A, are extended twice the pitch of the screw thread. 


to the theoretical sharp corners. 
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TABLE 13—Dimensions of Fillister-Head Capscrews 


A 


H 


(6) 


af 


Body diameter 


Head diameter 


Height of head 


Total height of head 


Width of slot 


ee 


Depth of slot 


Max : Min Max Min Max Min Max Min Max Min Max 

y% 0.250 0.245 0.375 0.363 0.172 0.157 0.216 0.195 0.075 0.064 0.097 
Ke 0.3125 | 0.307 0.437 0.424 0.203 0.186 0.253 0.230 0.084 0.072 0.115 
36 0.375 0.369 0.562 0.547 0.250 0.229 0.314 0.285 0.094 0.081 0.1438 
Ho 0.4875 | 0.431 0.625 0.608 0.297 0.274 0.368 0.337 0.094 0.081 0.168 
¥% 0.500 0.493 0.750 0.731 0.328 0.301 0.412 0.376 0.106 0.091 0.188 
Ke 0.5625 | 0.555 0.812 0.792 0.375 0.347 0.466 0.428 0.118 0.102 0.214 
% 0.625 0.617 0.875 0.853 0.422 0.3892 0.521 0.480 0.133 0.116 0.240 
34 0.750 0.742 1.000 0.976 0.500 0.466 0.612 0.566 0.149 0.131 0.283 
iB 0.875 0.866 1.125 1.098 0.594 0.556 0.720 0.669 0.167 0.147 0.334 
1 1.000 0.990 1.312 1.282 0.656 0.613 0.802 0.744 0.188 0.166 0.372 


Note—Refer to Capscrews—General Data. 
The radius of the fillet at the base of the head: 
for sizes 44 to 3 in. inclusive is 0.016 minimum and 0.031 


maximum. 


%_ to %% in. inclusive is 0.016 minimum and 0.047 


maximum. 


5¢ to 1 in. inclusive is 0.031 minimum and 0.062 maxi- 


mum, 


0.077 


Min 


0.090 
0.113 
0.133 


0.148 
0.169 
0.190 
0.233 
0.264 
0.292 
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TABLE 14—Dimensions of Round-Head Capscrews 


D A A PE T 
NOMINAL SIZE Body diameter Head diameter Height of head Width of slot Dept of slot 
Max Min Max Min Max Min Max Min Max Min 
\ 0.250 0.245 0.437 0.418 0.191 0.175 0.075 0.064 0.117 0.097 
He 0.3125 0.307 0.562 0.541 0.246 0.226 0.084 0.072 0.151 0.126 
3¢ 0.375 0.369 0.625 0.602 0.273 0.252 0.094 0.081 0.168 0.1388 
He 0.4875 0.431 0.750 0.725 0.328 0.302 0.094 0.081 0.202 0.167 
% 0.500 0.4938 0.812 0.786 0.355 0.328 0.106 0.091 0.219 0.179 
He 0.5625 0.555 0.937 0.908 0.410 0.379 0.118 0.162 0.253 0.208 
56 0.625 0.617 1.000 0.970 0.488 0.405 0.133 0.116 0.270 0.220 
34 0.750 0.742 1.250 1.215 0.547 0.506 0.149 0.131 0.337 0.277 


Note—Refer to Capscrews—General Data. 
Radius of the fillet at the base of the head: 
for sizes 14 to 3¢ in. inclusive is 0.016 minimum and 0.031 maxi- 
mum. 


14 to %@ in. inclusive is 0.016 minimum to 0.047 maxi- 
mum. 
5£ to 1 in. inclusive is 0.031 minimum and 0.062 maxi- 
mum. 


Wood Screws—General Data (Tables 15 through 17b) 

Radius of Fillet Under Head—The fillet under the head for 
wood screws shall have a nominal radius of Ma in. for sizes 
through No. 9, and 342 in. for sizes larger than No. 9. 

Depth of Slot—The depth of slots is measured from the highest 
part of the head to the intersection of the bottom of the slot 
with the head surface. : 

Length of Wood Screws—The length of wood screws shall be 
measured from the largest diameter of the bearing surface of the 
head to the extreme point in a line parallel to the axis. 

Tolerance in Length—The tolerance in length of wood screws 


shall be plus 0 and minus }42 in. on lengths of 14 in. to 5¢ in 
inclusive; plus 0 and minus 3% in. on lengths 34 in. to 114 in.; 
plus 0 and minus }/¢ in. on lengths 114 to 234 in. inclusive; and 
plus 0 and minus 3 in. on lengths 3 in. to 5 in. inclusive. 

Length of Thread—The length of the thread of wood screws 
shall be equal to approximately two thirds of the length of the 
screw. 

Points—Wood screws shall be furnished with gimlet points. 

Finish—Wood screws are regularly furnished with naturally 
bright finish and are not heat-treated. 

All table dimensions are in inches. 
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TABLE 15—Dimensions of Flat-Head Wood Screws 


D A S H J T 
OMT LEteeest ; eve Head diameter oan Height of head Width of slot Depth of slot uae THERADS 
iameter 4 Absol min 
of screw Bi hoes min with screw Max Min Max Min Max Min 
°0 0.060 0.119 0.105 0.101 0.002 0.035 0.026 0.023 0.016 0.015 0.010 32 
1 0.073 0.146 0.130 0.126 0.003 0.043 0.033 0.026 0.019 0.019 0.012 28 
2 0.086 0.172 0.156 0.150 0.003 0.051 0.040 0.031 0.023 0.023 0.015 26 
3 0.099 0.199 0.181 0.175 0.004 0.059 0.048 0.035 0.027 0.027 0.017 24 
‘h 0.112 0.225 0.207 0.200 0.004 0.067 0.055 0.039 0.031 0.030 0.020 22 
5 0.125 0.252 0.232 0.225 0.005 0.075 0.062 0.043 0.035 0.034 0.022 20 
6 0.138 0.279 0.257 0.249 0.005 0.083 0.069 0.048 0.039 0.038 0.024 18 
7 0.151 0.305 0.283 0.274 0.005 0.091 0.076 0.048 0.039 0.041 0.027 16 
8 0.164 0.332 0.308 0.300 0.006 0.100 0.084 0.054 0.045 0.045 0.029 15 
9 0.177 0.358 0.334 0.323 0.006 0.108 0.091 0.054 0.045 0.049 0.032 14 
10 0.190 0.385 0.359 0.348 0.007 0.116 0.098 0.060 0.050 0.053 0.034 13 
12 0.216 0.438 0.410 0.397 0.008 0.132 0.112 0.067 0.056 0.060 0.039 11 
14 0.242 0.491 0.461 0.447 0.009 0.148 0.127 0.075 0.064 0.068 0.044 10 
16 0.268 0.544 0.512 0.496 0.010 0.164° 0.141 0.075 0.064 0.075 0.049 9 
18 0.294 0.597 0.563 0.545 0.011 0.180 0.155 0.084 0.072 0.083 0.054 8 
20 0.320 0.650 0.614 0.595 0.012 0.196 0.170 0.084 0.072 0.090 0.059 8 
24 0.372 0.756 0.716 0.693 0.013 0.228 0.198 0.094 0.081 0.105 0.069 7 
Note—Refer to Wood Screws—General Data. Tolerance on diameter, D, equals +0.004 to —0.007 in. 
Maximum permissible variation in number of threads per Edges of head may be rounded. 


inch is plus or minus 10%. 
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This type of recess consists of two intersecting slots with 
parallel sides converging to a sharp apex at bottom of recess. 
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TABLE 15a—Cross-Recess Dimensions of Flat-Head 
Wood Screws 


D uM wh N 
eet Diameter of recess Depth of AP AtNGt ae 
ar ever Max Min Max Min 
0.060 0.090 0.079 0.058 0.012 
0.073 0.109 0.097 0.071 0.016 
0.086 0.129 0.117 0.084 0.019 
0.099 0.149 0.1386 0.097 0.022 
0.112 0.169 0.155 0.110 0.026 
0.125 0.189 0.174 0.123 0.030 
0.138 0.209 0.193 0.136 0.033 
0.151 0.229 0.212 | 0.149 0.037 | Point 
same 
| 0.164 | 0.249 0.231 0.162 0.040 | on all 
0.177 0.269 0.250 0.176 0.043 | drivers 
0.190 0.289 0.270 0.188 0.047 
0.216 0.328 0.308 0.214 0.055 
0.242 0.368 0.346 0.240 0.062 
0.268 0.408 0.384 0.265 0.069 
0.294 0.448 0.423 0.291 0.077 
0.320 0.488 0.460 0.317 0.083 
0.372 0.568 0.537 0.370 0.097 


TE 
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A 
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This type of recess has a large center opening, tapered wings, 
and blunt bottom, with all edges relieved or rounded. 


TABLE 15b—Cross-Recess Dimensions of Flat-Head 
Wood Screws 


D uM T N 
NOM- . 
ale apace, Diameter of recess ee wee gas 
or screy Max Min Max Min 
0 0.060 = — — _— — 
1 0.073 — — —_— — — 
2 0.086 0.099 0.089 0.060 0.017 i 
3 0.099 0.104 0.094 0.065 0.018 1 
4 0.112 0.125 0.115 0.086 0.018 1 
5 | 0.125 | 0.151 | 0.141 | 0.083 | 0.027 2 
6 0.138 0.171 0.161 0.103 0.029 2 
7 0.151 0.186 0.176 0.118 0.031 2 
8 0.164 0.201 0.191 0.133 0.0383 2 
9 0.177 0.211 0.201 0.143 0.033 2 
10 0.190 0.255 0.245 0.143 0.037 3 
12 0.216 0.280 0.270 0.168 0.040 3 
14 0.242 0.300 0.290 0.188 0.042 3} 
16 0.268 0.324 0.314 0.213 0.045 3 
18 0.294 0.375 0.365 0.227 0.063 4 
20 0.320 0.390 0.380 0.242 0.065 4 
24 0.372 0.421 0.411 0.273 0.070 4° 


Note—Refer to Wood Screws—General Data. 
Maximum permissible variation in number of threads per inch 


is plus or minus 10%. 
Tolerance on diameter, D, equals +0.004 to —0.007 in. 
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TABLE 16—Dimensions of Round-Head Wood Screws 
D A H eA 
NOMINAL SIZE Basic dinneten Head diameter Height of head Width of slot Depth of slot joi birt 
ace Max Min Max Min Max Min Max Min 
0 0.060 0.113 0.099 0.053 0.043 0.023 0.016 0.039 0.029 32 
1 0.073 0.138 0.122 0.061 0.051 0.026 0.019 0.044 0.033 28 
2 0.086 0.162 0.146 0.069 0.059 0.031 0.023 0.048 0.037 26 
3 0.099 0.187 0.169 0.078 0.067 0.035 0.027 0.053 0.040 24 
4 0.112 0.211 0.193 0.086 0.075 0.039 0.031 0.058 0.044 22 
5 0.125 0.236 0.217 0.095 0.083 0.048 0.036 0.063 0.047 20 
6 0.138 0.260 0.240 0.103 0.091 0.048 0.039 0.068 0.051 18 
7 0.151 0.285 0.264 0.111 0.099 0.048 0.039 0.072 0.055 16 
8 0.164 0.809 0.287 0.120 0.107 0.054 0.045 0.077 0.058 15 
9 0.177 0.334 0.311 0.128 0.115 0.054 0.045 0.082 0.062 14 
10 0.190 0.3859 0.3834 0.187 0.123 0.060 0.050 0.087 0.065 13 
12 0.216 0.408 0.382 0.153 0.139 0.067 0.056 0.096 0.073 11 
14 0.242 0.457 0.429 0.170 0.155 0.075 0.064 0.106 0.080 10 
16 0.268 0.506 0.476 0.187 0.171 0.075 0.064 0.115 0.087 9 
18 0.294 0.555 0.523 0.204 0.187 0.084 0.072 0.125 0.094 8 
20 0.3820 0.604 0.570 0.220 0.203 0.084 0.072 0.134 0.101 8 
24 0.372 0.702 0.664 0.254 0.235 0.094 0.081 0.154 0.116 di 
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This type of recess consists of two intersecting slots with This type of recess has a large center opening, tapered wings, 
parallel sides converging to a sharp apex at bottom of recess. and blunt bottom, with all edges relieved or rounded. 


{ 


TABLE 16a—Cross-Recess Dimensions of Round-Head TABLE 16b—Cross-Recess Dimensions of Round-Head 


Wood Screws Wood Screws 
D u T N D M a N 
& NOM- * 

ae. Diameter of recess Devkivek wae fae eg alten queens Diameter of recess Dentatot Width ¢ ; Lele 
SESE” hehe Min Max Min cree. extn Min Max eee 

0.060 0.085 0.074 0.054 0.011 0 0.060 = == = = a 
0.073 0.103 0.092 0.067 0.015 1 0.073 — = = = = 
0.086 0.122 0.109 0.079 0.018 2 0.086 0.111 0.101 0.089 0.018 1 
0.099 0.140 0.127 0.091 0.021 3 0.099 0.119 0.109 0.097 0.019 1 
0.112 0.158 0.145 0.103 0.024 4 0.112 0.127 0.117 0.105 0.018 1 
0.125 0.177 0.163 0.115 0.027 5 0.125 0.151 0.141 | 0.104 0.027 2 
0.138 0.195 0.180 0.127 0.031 6 0.138 0.159 0.149 0.112 0.027 2 
0.151 0.214 |} 0.198 0-139 0.034 | Point 7 0.151 0.167 0.157 0.120 0.029 2 

: same 

0.164 0.232 0.215 0.151 0.037 | on all 8 0.164 0.175 0.165 0.128 0.030 2 
0.177 0.250 0.234 0.163 0.041 | drivers 9 0.177 0.183 0.173 0.187 0.030 2 
0.190 0.270 0.250 0.176 0.044 10 0.190 0.192 0.182 0.145 0.031 2 
0.216 0.306 0.286 0.200 0.051 12 0.216 0.246 0.236 0.165 0.036 3 
0.242 0.343 0.322 0.224 0.057 14 0.242 0.262 0.252 0.182 0.037 3 
0.268 | 0.380 0.357 0.248 0.064 16 0.268 0.278 0.268 0.198 0.039 3 
0.294 | 0.416 0.392 | 0.270 0.070 fh 18 0.294 0.336 0.326 0.231 0.057 4 
0.320 0.453 0.427 0.294 0.077 20 0.320 0.353 0.343 0.248: 0.059 4 
0.372 0.527 0.498'.| 0.342 0.090 24 0.372 0.384 0.374 0.281 0.064 4 
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TABLE 17—Dimensions of Oval-Head Wood Screws 


D A S H to) J ip t 
} 
: : Total heigh : ( 
ae ee sie Head diameter bee Height of head rg ann ieee Width of slot Depth of slot SOREES ees 4 
diameter f eccinte min | 
aad ak ee min oe py Max Min Max Min Max Min Max Min | 
max : 
0 0.060 | 0.119 ) 0.105 | 0.101 | 0.002 | 0.035 | 0.026 | 0.056 | 0.041 | 0.023 | 0.016 | 0.0380 | 0.025 32 E 
1 0.073 | 0.146 | 0.1380 | 0.126 | 0.003 | 0.043 | 0.033 | 0.068 | 0.052 | 0.026 | 0.019 | 0.038 | 0.031 28 a 
2 0.086 | 0.172 | 0.156 | 0.150 | 0.003 | 0.051 | 0.040 | 0.080 | 0.063 | 0.031 | 0.023 | 0.045 | 0.037 26 i 
3 0.099 | 0.199 | 0.181 | 0.175 | 0.004 | 0.059 | 0.048 | 0.092 | 0.073 | 0.035 | 0.027 | 0.052 | 0.043 24 \ 
4 0.112 | 0.225 | 0.207 | 0.200 | 0.004 | 0.067 | 0.055 | 0.104 | 0.084 | 0.039 | 0.031 | 0.059 0.049 22 
5 0.125 | 0.252 | 0.232 | 0.225 | 0.005 | 0.075 | 0.062 | 0.116 | 0.095 | 0.043 | 0.035 | 0.067 | 0.055 20 
6 0.138 | 0.279 | 0.257 | 0.249 | 0.005 | 0.083 | 0.069 | 0.128 | 0.105 | 0.048 | 0.039 | 0.074 | 0.060 18 
7 0.151 0.305 | 0.283 | 0.274 | 0.005 | 0.091 | 0.076 | 0.140 | 0.116 | 0.048 | 0.039 | 0.081 | 0.066 16 
8 0.164 | 0.332 | 0.308 | 0.300 | 0.006 | 0.100 | 0.084 | 0.152 | 0.126 | 0.054 | 0.045 | 0.088 |_0.072 15 ' 
9 0.177 | 0.358 | 0.334 | 0.323 | 0.006 | 0.108 | 0.091 | 0.164 | 0.137 | 0.054 | 0.045 | 0.095 | 0.078 14 
10 0.190 | 0.385 | 0.359 | 0.348 | 0.007 | 0.116 | 0.098 | 0.176'| 0.148 | 0.060 | 0.050 | 0.103 | 0.084 13 
12 0.216 | 0.438 | 0.410 | 0.397 | 0.008 | 0.132 | 0.112 | 0.200 | 0.169 | 0.067 | 0.056 | 0.117 | 0.096 11 
14 0.242 | 0.491 | 0.461 | 0.447 | 0.009 | 0.148 | 0.127 | 0.224 | 0.190 | 0.075 | 0.064 | 0.1382 | 0.108 10 
16 0.268 | 0.544 | 0.512 | 0.496 | 0.010 | 0.164 | 0.141 | 0.248 | 0.212 | 0.075 | 0.064 | 0.146 | 0.120 9 
18 0.294 | 0.597 | 0.563 | 0.545 | 0.011 | 0.180 | 0.155 | 0.272 | 0.233 | 0.084 | 0.072 | 0.160 | 0.132 8 
20 0.320 | 0.650 | 0.614 | 0.595 | 0.012 | 0.196 | 0.170 | 0.296 | 0.254 | 0.084 | 0.072 | 0.175 | 0.144 8 yi 
24 0.372 | 0.756 | 0.716 | 0.693 | 0.013 | 0.228 | 0.198 | 0.344 | 0.297 | 0.094 | 0.081 | 0.204 | 0.168 7 
Note—Refer to Wood Screws—General Data. Maximum permissible variation in number of threads per inch 
Tolerance on diameter, D, equals +0.004 to —0.007 in. is plus or minus 10%. 


Edges of head may be rounded. 
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This type of recess consists of two intersecting slots with This type of recess has a large center opening, tapered wings, 
| parallel sides converging to a sharp apex at bottom of recess. and blunt bottom, with all edges relieved or rounded. 
i 
i 
/ 
i 
| 
‘ 
. TABLE 17a—Cross-Recess Dimensions of Oval-Head TABLE 17b—Cross-Recess Dimensions of Oval-Head 
| Wood Screws Wood Screws 
D M the N D M Tr N 
NOM- : ; YOM- : ; 
ee cae Diameter of recess Cenv'cs Wii ok greg INA Basic Diameter of recess Pe Wade ° : igelis 
P| pam’ Cee 
| Sethe Max Min Max Min aia Max Min Max Min 
| 
| 0 | 0.060 | 0.090 | 0.079 | 0.058 | 0.012 0 | 0.060 _ -- - - — 
| 1 0.073 0.109 0.097 0.071 0.016 1 0.073 = = = = = 
tl 2 0.086 0.129 0.117 0.084 0.019 2 0.086 0.109 0.099 0.078 0.018 1 
\ 3 0.099 0.149 0.136 0.097 0.022 3 0.099 0.121 0.111 0.090 0.019 1 
| 4 0.112 0.169 0.155 0.110 0.026 4 0.112 0.133 0.123 0.103 0.019 1 
} 
| 5 0.125 0.189 0.174 0.123 0.030 5 0.125 0.155 0.145 0.098 0.028 2 
i 6 0.138 0.209 0.193 0.136 0.033 6 0.138 0.175 0.165 0.119 0.030 2 
i FENT, 0.151 0.229 0.212--| 0. 149 0.037 | Point 7 0.151 0.186 0.176 0.131 0.031 2 
1 same 
8 0.164 0.249 0.231 0.162 0.040 | on all 8 0.164 0.202 0.192 0.148 0.033 12 
9 0.177 0.269 0.250 0.176 0.043 | drivers 9 0.177 0.213 0.203 0.159 0.034 2 
10 0.190 0.289 0.270 0.188 0.047 10 0.190 0.258 0.248 0.166 0.037 3 
‘12 0.216 0.328 0.308 0.214 0.055 12 0.216 0.280 0.270 0.189 0.040 3 
14 0.242 0.368 0.346 0.240 0.062 14 0.242 0.302 0.292 0.213 0.042 3 
16 0.268 0.408 0.384 0.265 0.069 16 0.268 0.329 0.319 0.241 0.046 | 3 
18 0.294 0.448 0.423 0.291 0.077 18 0.294 0.378 0.368 0.258 0.064 a 
» 620 0.320 0.488 0.460 0.317 0.083 20 0.320 0.397 0.387 0.277 0.066 4 
iy. 24 0.372 0.568 0.537 0.370 0.097 24 0.372 0.433 0.423 0.314 0.072 4 
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Tapping Screws—General Data (Tables 1, 2, 4, 5, 7, and 15 

through 21) 

Bearing Surface—The bearing surface of tapping-screw heads, 
except flat and oval heads shall be at right angles to the body 
within 2 deg. 

Eccentricity—Tapping-screw heads shall not be eccentric with 
the body beyond a tolerance of 3% of the maximum head diam- 
eter. 

Depth of Slots—The depth of slots is measured from the highest 
part of the head to the intersection of the bottom of the slot with 
the head surface. 

Length of Tapping Screws—Length of tapping screws shall be 
measured from the largest diameter of the bearing surface of the 


TABLE 18—Dimensions of Tapping Screws, Type A 


D d 
NOMINAL SIZE aan Major diameter Minor diameter . 
Max Min Max Min 

0 40 0.060 0.057 0.042 0.039 
1 32 0.075 0.072 0.051 0.048 
2 32 0.088 0.084 0.061 0.056 
3 28 0.101 0.097 0.076 0.071 
4 24 0.114 0.110 0.083 0.078 
5 20 0.130 0.126 0.095 0.090 
6 18 0.141 0.136 0.102 0.096 
7 16 0.158 0.152 0.114 0.108 
8 15 0.168 0.162 0.123 0.116 
10 12 0.194 0.188 0.133 0.126 
12 ll 0.221 0.215 0.162 0.155 
14 10 0.254 0.248 0.185 0.178 
16 10 0.280 0.274 0.197 0.189 
18 9 0.306 0.300 0.217 0.209 
20 9 0.333 0.327 0.234 0.226 
24 9 0.390 0.383 0.291 0.282 


head to the extreme point in a line parallel to the axis of the — 
screw. ef 

Tolerance in Length—The tolerance in length of Type A tap- | 
ping screws shall be plus 42 in. and minus 1 in. on lengths up 
to 1 in. inclusive; on longer lengths plus 364 in. and minus 34 
in. For Type B and C tapping screws, the tolerance in length 
shall be plus 0 and minus 14» in. on lengths from 14 in. to 5¢ in. — 
inclusive; plus 0 and minus 34 in. on lengths 34 in. to 114 in. — 
inclusive; and plus 0 and minus 14, in. on lengths over 114 | 
in. | 

Length of Thread—All types of tapping screws are threaded 
to the head. , 

Finish—Tapping screws are regularly furnished case hardened. _ 

All table dimensions are in inches. ; 


Slight Radius 


2| les See Note 


60° Included Thread Angle 


Note—Refer to Tapping Screws—General Data. 

For head dimensions, except hexagon heads, refer to table of 
contents for location of proper tables. 

Maximum crest of thread, B, up to and including size No. 8 
equals 0.004 in.; maximum crest of thread over size No. 8 equals - 
0.006 in. 

A reasonable bluntness or truncation of the point as shown on 
the illustration will be permissible. 


(Continued on next page.) 
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TABLE 19—Dimensions of Tapping Screws, Type B 


D d Je 

tails Ee aenen Major diameter Minor diameter Point diameter 

Max Min Max Min Max Min 
0 48 0.060 | 0.057 | 0.036 | 0.033 | 0.033 | 0.031 
1 42 0.075 | 0.072 | 0.049 | 0.046 | 0.046 | 0.044 
2 32 0.088 | 0.084 | 0.064 | 0.060 | 0.055 | 0.052 
3 28 0.101 | 0.097 | 0.075 | 0.071 | 0.069 | 0.066 
4 24 0.114 | 0.110 | 0.086 | 0.082 | 0.078 | 0.075 
5 20 0.130 | 0.126 | 0.094 | 0.090 | 0.084 | 0.081 
6 20 0.139 | 0.135 | 0.104 | 0.099 | 0.093 | 0.090 
7 19 0.154 | 0.149 | 0.115 | 0.109 | 0.101 | 0.098 
8 18 0.166 | 0.161 | 0.122 | 0.116 | 0.107 | 0.104 
10 16 0.189 | 0.183 | 0.141 | 0.135 | 0.130 | 0.127 
12 14 0.215 | 0.209 | 0.164 | 0.157 | 0.146 | 0.143 
y% 14 0.246 | 0.240 | 0.192 | 0.185 | 0.174 | 0.170 
“6 12 0.315 | 0.308 | 0.244 | 0.236 | 0.235 | 0.231 
3% 12 0.380 | 0.371 | 0.309 | 0.299 | 0.298 | 0.294 
Ke 10 0.440 | 0.431 | 0.359 | 0.349 | 0.348 | 0.344 
% 10 0.504 | 0.495 | 0.423 | 0.413 | 0.411 | 0.407 


TABLE 20—Dimensions of Tapping Screws, Type C 


NOMINAL SIZE 


D ip 
THREADS 
PER INCH Major diameter Point diameter 
Max Max Min 
40 0.1120 0.086 0.077 
48 0.1120 0.090 0.083 
40 0.1250 0.099 0.090 
44 0.1250 0.101 0.0938 
32 0.1380 0.106 0.095 
40 0.1380 0.112 0.103 
32 0.1640 0.132 0.121 
36 0.1640 0.135 0.125 
24 0.1900 0.147 0.1338 
32 0.1900 0.158 0.147 
24 0.2160 0.173 |} 0.159 
28 0.2160 0.179 0.167 
20 0.2500 0.198 0.181 
28 0.2500 0.213 0.201 
18 0.3125 0.255 0.236 
24 0.3125 0.269 0.255 
16 0.3750 0.310 0.289 
24 0.3750 0.332 0.318 


\\\ 


60°Included Thread Angle 


S 
See Note 


Note—Refer to Tapping Screws—General Data. 

For head dimensions, except hexagon heads, refer to table of 
contents for location of proper tables. 

Maximum crest of thread, B, up to and including size No. 8 
equals 0.004 in.; maximum crest of thread over size No. 8 equals 
0.006 in. 

Tapered threads have unfinished crests. 

Taper length, S, is 2 to 2}4 times the pitch of the thread. 


& COMMIIN 1 
= TIVO 


60° Included Thread Angle 
‘ See Note 


Note—Refer to Tapping Screws—General Data. 

For head dimensions, except hexagon heads, refer to table of 
contents for location of proper tables. 

Tapered threads have unfinished crests. 

Screws having a length of 8 pitches or less will have a taper 
length, S, of 214 to 314 times the pitch distance. Longer lengths 
will have a taper length, S, of 314 to 414 times the pitch distance. 

Point-diameter maximum is the basic minor diameter plus 
20% of the double thread depth. The point-diameter minimum 
is the basic minor diameter less the Class 2 pitch-diameter tol- 
erance. 

Major diameters of complete threads conform to NC-2 and 
NF-2 tolerances. 
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TABLE 21—Dimensions of Hexagon-Head Tapping Screws, Plain and Slotted 


D A Ww H J T 
Boel 2 Body diameter Width across flats Wigs aoe Height of head Width of slot Depth of slot | 
of screw SS | pS a a 
Max Min Min Max Min Max Min Max Min 
1 0.073 0.125 0.120 0.134 : 0.050 0.040 = = 7 —s 
2 0.086 0.125 0.120 0.134 0.050 0.040 a — oS = 
3 0.099 0.187 0.181 0.202 0.055 0.044 = — = a } 
4 0.112 0.187 0.181 0.202 0.060 0.049 0.039 0.031 0.036 0.025 . 
5 0.125 0.187 0.181 0.202 0.070 ().058 0.043 0.035 0.042 0.030 
6 0.138 0.250 0.244 0.272 0.080 0.067 0.048 — 0.039 0.046 0.033 
7 0.151 0.250 0.244 0.272 0.090 0.076 0.048 0.039 0.054 0.040 i 
8 0.164 0.250 0.244 0.272 0.110 0.096 0.054 0.045 0.066 0.052 
10 0.190 0.312 0.305 0.340 0.120 0.105 0.060 0.050 0.072 0.057 
12 0.216 0.312 0.305 0.340 0.155 0.139 0.067 0.056 0.093 0.077 
14 0.242 0.375 0.367 0.409 0.190 0.172 0.075 0.064 0.101 0.083 
\ 0.250 0.375 0.367 0.409 0.190 0.172 0.075 0.064 0.101 0.083 
de 0.3125 0.500 0.491 0.548 0.230 0.208 0.084 0.072 0.122 0.100 
34 0.375 0.562 0.552 0.616 0.295 0.270 0.094 0.081 0.156 0.131 
Note—Refer to Tapping Screws—General Data. Total head taper not to exceed 0.008 in. 
Bearing surface of head shall be at right angles to the axis of Dimensions across flats and across corners of the head shall 
the screw within a tolerance of 2 deg and concentric with the be measured at the greatest distance across the flats. 
axis of the body within a tolerance of 3% of the maximum width Hexagon head tapping screws are usually not slotted. The slot 


across flats. is optional. 


Slotted Headless Setscrews—General Data (Table 22) 
Length—The length of headless setscrews shall be the overall 
length. 

Tolerance in Length—The length of slotted headless setscrews 
| shall not vary from that specified by more than the following: 
up to 1 in. in length, minus 142 in.; over 1 in. to 2 in. inclusive, 
| minus 14¢ in.; over 2 in., minus 34 in. 
i 


5 


Length of Thread—Slotted headless setscrews shall be threaded 
the entire length. 
Thread Series and Tolerances—The screw threads on slotted 


| 


| 
| 


- 


4] 
i 

7 

. 


SLOTTED- AND RECESSED-HEAD SCREWS 451 


headless setscrews shall be either American National Coarse 
(NC-2) of the American National Fine-Thread Series (NF-2), 
unless otherwise specified. 

Finish—Slotted headless setscrews shall be regularly furnished 
case hardened. 

Eccentricity of Dog Points—The allowable eccentricity of dog- 
point axis on slotted headless setscrews with respect to axis of 
screw shall not exceed 3% of nominal diameter of screw with a 
minimum of 0.005 in. 

All table dimensions are in inches. 


CUP POINT 


| TABLE 22—Dimensions of Slotted Headless Setscrews 


D R I Mi is c P Q q 

i NOMINAL Diameter of d Diameter of : 

"i Boiydimcter | Radins of oval | Radius of slotted | Widthof | Depth of | fiat points dog point ee 

| of screw point screw headless end slot slot 

| Max Min Max Min Full Half 

H 

| 5 0.125 0.094 0.125 0.023 0.031 0.067 0.057 0.083 0.078 0.060 0.030 

{ 6 0.138 0.109 0.138 0.025 0.035 0.074 0.064 0.092 0.087 0.070 0.035 

8 0.164 0.125 0.164 0.029 0.041 0.087 0.076 0.109 0.103 0.080 0.040 

| 10 0.190 0.141 0.190 0.032 0.048 0.102 0.088 0.127 0.120 0.090 0.045 

| 12 0.216 0.156 0.216 0.036 0.054 0.115 0.101 0.144 0.137 0.110 0.055 

1 A 0.250 0.188 0.250 0.045 0.063 0.132 0.118 0.156 0.149 0.125 0.063 

i %e 0.3125 0.234 0.313 0.051 0.078 0.172 0.156 0.203 0.195 0.156 0.078 

: x% 0.375 0.281 0.375 0.064 0.094 0.212 0.194 0.250 0.241 0.188 0.094 
Ke 0.4375 0.328 0.438 0.072 0.109 0.252 0.232 0.297 0.287 0.219 0.109 

ong 0.500 0.375 0.500 0.081 0.125 0.291 0.270 0.344 0.334 0.250 0.125 

Ke 0.5625 0.422 0.563 0.091 0.141 0.332 0.309 0.391 0.379 0.281 0.140 
56 0.625 0.469 0.625 0.102 0.156 0.371 0.347 0.469 0.456 0.313 0.156 
4% 0.750 0.563 0.750 0.129 0.188 0.450 0.425 0.563 0.549 0.375 0.188 


Note—Refer to Slotted Headless Setserews—General Data. 

Where usable length of thread is less than the nominal diam- 
eter, half dog point shall be used. 

When ZL equals nominal diameter or less, Y = 118 + 2 deg; 


when L exceeds nominal diameter, Y = 90 + 2 deg. 
Point angles: W = 80 deg to 90 deg; X = 118 + 5 deg; Z 
= 100 deg to 110 deg. 
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SOCKET-HEAD CAPSCREWS AND SETSCREWS 


SAE Standard 


Report of Screw Threads Technical Committee approved October 1947. This SAE Standard conforms with American Standard Socket Head Cap 


Screws and Socket Set Screws, ASA B18.3—1947. 


Socket-Head Capscrews—Reference Notes (Table 1) 

Body Diameter, D, refers to the unthreaded portion of the 
screw, and the maximum diameter is the basic diameter or size 
of the screw. Threads shall conform to American Standard Screw 
Threads, ASA B1.1. 

Concentricity of head, body, and thread shall permit acceptance 
when checked with a compound G gage which will gage the 


maximum diameters of these three parts simultaneously. This 
gage shall have the head and body diameters at their maximum 
values (D and A, Table 1) but expressed to four decimal places, 
and the pitch diameter at the maximum value allowed for Class 
3, NC and Class 3, NF, American Standard Screw Threads, 
ASA B1.1. 

Head Chamfer, E—The head shall be flat and chamfered. The 


N 
“ =\ 2 
5m UL 
4 ir a [ea een nay eB 
A S J 
TABLE 1—Dimensions of Fluted and Hexagon Socket-Head Capscrews® 
SCREW SIZE FLUTED AND HEXAGON HEADS HEXAGON HEAD FLUTED HEAD 
D A A Ss aif af M N 
Body diameter Headidiameter Head height Head side-height Socket width Socket diameter Socket diameter Width of socket 
across flats minor major land 

Nom Max Min Max Min Max Min Nom Max Min Max Min Max Min Max Min Max Min 
2 0.0860/0.0840| 0.140 | 0.186 | 0.086 | 0.083 |0.0788]/0.0803/0.0773/0.0635 Ve 0.064 | 0.063 | 0.074 | 0.073 | 0.016 | 0.015 
3 0.0990)0.0968} 0.161 | 0.157 | 0.099 | 0.096 |0.0907|0.0923/0.0891)0.0791 3a 0.082 | 0.080 | 0.098 | 0.097 | 0.022 | 0.021 
4 0.1120)0. 1096} 0.183 | 0.178 | 0.112 | 0.109 |0.1026)0.1043]0. 1009/0.0791 5S 0.082 | 0.080 | 0.098 | 0.097 | 0.022 | 0.021 
5 0.1250)0. 1226) 0.205 | 0.200 | 0.125 | 0.122 |0.1146/0. 1163/0. 1129/0.0947 340 0.098 | 0.096 | 0.115 | 0.113 | 0.025 | 0.023 
6 0.1380)0. 1353] 0.226 | 0.221 | 0.138 | 0.134 |0. 1265/0. 1284/0. 1246/0. 0947 340 0.098 | 0.096 | 0.115 | 0.113 | 0.025 | 0.023 
8 0.1640/0. 1613) 0.270 | 0.265 | 0.164 | 0.160 |0. 1503/0. 1522/0. 1484/0. 1270 4 0.128 | 0.126 | 0.149 | 0.147 | 0.032 | 0.030 
10 0.1900|0.1867} %{6 0.306 | 0.190 | 0.185 |0.1741/0.1765|/0. 1717/0. 1582 Seo 0.163 | 0.161 | 0.188 | 0.186 | 0.039 | 0.037 
12 0.2160/0.2127; 4145 | 0.337 | 0.216 | 0.211 |0.1980/0. 2005/0. 1957/0. 1582 yo 0.163 | 0.161 | 0.188 | 0.186 | 0.039 | 0.037 
y 0.2500|0.2464) 3¢ 0.367 yy 0.244 |0.2291/0. 2317/0. 2265/0. 1895 346 0.190 | 0.188 | 0.221 | 0.219 | 0.050 | 0.048 
He 0.3125 0.3084) %6 0.429 546 | 0.306 |0. 2864/0. 2894/0. 2834/0. 2207 bo 0.221 | 0.219 | 0.256 | 0.254 | 0.060 | 0.058 
36 0.3750|0.3705| %% 0.5538 36 0.368 |0.3437/0.3469/0.3405/0.3155 X46 0.319 | 0.316 | 0.380 | 0.377 | 0.092 | 0.089 
6 |0.4875|0.4326| 5¢ 0.615 46 | 0.4380 |0.4010|0.4046)0.3974/0.3155 46 0.319 | 0.316 | 0.380 | 0.377 | 0.092 | 0.089 
+a 0.5000|0.4948) 34 0.739 4 0.492 |0.4583/0. 4620/0. 4546/0. 3780 34 0.386 | 0.383 |. 0.463 | 0.460 | 0.112 | 0.109 
%6 |0.5625/0.5569| 1346 | 0.801 %e6 | 0.554 |0.5156)0.5196/0.5116/0.3780 36 0.386 | 0.383 | 0.463 | 0.460 | 0.112 | 0.109 
54 0.6250/0.6191| % 0.863 56 0.616 |0.5729|0.5771/0. 5687/0. 5030 lg 0.509 | 0.506 | 0.604 | 0.601 | 0.188 | 0.134 
34 0.7500/0. 7436} 1 0.987 34 0.741 |0.6875|0.6920/0.6830]0. 5655 Ke 0.535 | 0.531 | 0.631 | 0.627 | 0.149 | 0.145 
14 0.8750/0. 8680) 114 1.111 % 0.865 |0.8020/0.8069|0. 7971/0. 5655 Ke 0.604 | 0.600 | 0.709 | 0.705 | 0.168 | 0.164 
1 1.0000)0.9924) 154, 1.297 a 0.989 |0.9166|0.9220|/0.9112/0. 6290) 56 0.685 | 0.681 | 0.801 | 0.797 | 0.189 | 0.185 
1K 1.1250)1.1165) 144 1.483 1k 1.113 |1.0312}1.0372}1.025410.7540 34 0.828 | 0.824 | 0.970 | 0.966 | 0.231 | 0.227 
1% 1,2500)1.2415) 134 1.733 1% 1.238 |1.1457]1.1516}1.1398/0.7540 3% 0.828 |-0.824 | 0.970 | 0.966 | 0.231 | 0.227 
134 1.3750)1.3649) 17% 1.855 134 1.361 |1.2604)1 .2675]1 . 2533/0. 7540 34 0.828 | 0.824 | 0.970 | 0.966 | 0.231 | 0.227 
1% 1.5000|1.4899} 2 1.979 1% 1.485 |1.3750/1.3821/1.3679]1.0040 1 1.007 | 1.003 | 1.275 | 1.271 | 0.298 | 0.294 


® In all sizes, the number of flutes is six. 
All dimensions are in inches. 


flat shall be normal to the axis of the screw and the chamfer, E, 


_ ceed three fourths of minimum head height, H. 

| Length Under Head, L—The length of the screw shall be meas- 
ured, on a line parallel to the axis, from the plane of the bearing 
surface under the head to the plane of the flat of the point. The 
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difference between consecutive lengths shall be as follows: 


| shall be at an angle of 30 + 2 deg with the surface of the flat. 1. for screw lengths 14 to 1 in., difference = 4¢ in. 
| The edge between flat and chamfer shall be slightly rounded. 2. for screw lengths 1 to 4 in., dlidiereaice = 4 in. 
| Socket Depth, T—Maximum socket depth, 7, should not ex- 3. for screw lengths 4 to 6 in., difference = 14 in. 


Length Tolerance—The allowable tolerance on the length, L, 
under the head on lengths 2 in. and under shall be 3% of the 
nominal length with a minimum of 0.030, two thirds to be applied 
plus and one third minus; on lengths over 2 in. to 6 in., plus or 
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TABLE 2—Dimensions of Fluted and Hexagon Socket Headless Setscrews* 
SCREW SIZE FLUTED AND HEXAGON SOCKET TYPES HEXAGON TYPE FLUTED TYPE 
D G R Vi ip Q | q af Hf M N 
Cone-point angle Dog point 
Cup- and flat-point Socket width | Socket diameter | Socket diameter] Socket land 
Nominal diameter Oval- across flats minor major width 
diameter pois | 118+ 2deg| 90-2 deg | Diameter 
or these for these Full Half 
lengths lengths 
Mean | Max Min and under | and over Max Min Max Min Max Min Max Min Max Min 
5 Ye | 0.067| 0.057} 345 K Ke 0.083) 0.078} 0.06 | 0.03 |0.0635} 14.6 | 0.053} 0.052) 0.071) 0.070) 0.022) 0.021 
6 |0.069 | 0.074] 0.064] 74 XK 34, | 0.092] 0.087 0.07 | 0.03 |0.0635| 1/6 | 0.056] 0.055] 0.079] 0.078| 0.023] 0.022 
8 564 | 0.087] 0.076 ky 346 Yy 0.109} 0.103] 0.08 | 0.04 |0.0791) 54 | 0.082} 0.080) 0.098) 0.097) 0.022} 0.021 
10 340 | 0.102] 0.088 %a 346 yy 0.127) 0.120) 0.09 | 0.04 |0.0947| 35 | 0.098] 0.096} 0.115} 0.113) 0.025) 0.023 
12 Ya | 0.115] 0.101) 542 He iy 0.144) 0.1387) 0.11 | 0.06 |0.0947) 345 | 0.098) 0.096} 0.115) 0.113) 0.025) 0.023 
\y 1% | 0.132] 0.118] 3%, XY 54g | 3% | 0.149] 1% | We |0.1270| 36 | 0.128] 0.126] 0.149] 0.147] 0.032] 0.030 
54g | 1364| 0.172| 0.156] 154, 546 % 1344| 0.195] 549 | 5é4 10.1582] 54 | 0.163] 0.161| 0.188] 0.186| 0.039| 0.037 
3¢ 1364| 0.212) 0.194) %> | 36 Ke 1% | 0.241) 6% 340 10.1895) 346 | 0.190) 0.188) 0.221) 0.219) 0.050) 0.048 
Ke 1564| 0.252) 0.232) 21¢4 V6 aA 19% 4| 0.287) Ve Ya |0.2207| 7%. | 0.221) 0.219) 0.256) 0.254} 0.060; 0.058 
¥% %» | 0.291] 0.270| 3¢ % %—_ | 1349 0.3341 %% | 4% 10.2520 14 | 0.254) 0.252] 0.298) 0.296] 0.068} 0.066 
Ke 546 | 0.332) 0.309) 2764 Xe 56 2564| 0.379] %e %a4 10.2520) 14 | 0.254) 0.252) 0.298) 0.296} 0.068} 0.066 
56 2364| 0.371) 0.847) 1545 54 7 1540] 0.456) {6 540 |0.38155| 546 | 0.319] 0.316) 0.380) 0.377) 0.092) 0.089 
& Ke | 0.450] 0.425] %% 34 % %_ | 0.549] 3¢ | 3% |0.3780| 34 | 0.386] 0.383] 0.463) 0.460] 0.112| 0.109 
% 834 ,| 0.530| 0.502 2%4,| % 1 2145| 0.642 7% | We |0.5030| 14 | 0.509] 0.506] 0.604] 0.601) 0.138) 0.134 
1 1945| 0.609) 0.579} 34 1 1% 34 | 0.734, 4 |0.5655} 9%, | 0.535! 0.531] 0.631] 0.627] 0.149) 0.145 
1k 436 4| 0.689] 0.655] 2745 1g 14% 2749| 0.826) %6 | %e |0.5655| %{% | 0.604} 0.600) 0.709) 0.705} 0.168) 0.164 
14% 34 | 0.767| 0.733] 1546 14% 1% 1546] 0.920) 5 {6 |0.6290} 5g | 0.685] 0.681] 0.801] 0.797) 0.189] 0.185 
13¢ 5364] 0.848] 0.808] 1145 13% 1% 1M | 1.011) 1%{6| 1142/0.6290) 5¢ | 0.744] 0.740] 0.869} 0.865) 0.207) 0.203 
1% 2% 0| 0.926) 0.886] 11¢ 1k - 134 1k 1.105) 3% 3g |0.7540! 34 | 0.828) 0.824! 0.970) 0.966} 0.231) 0.227 
134 16 | 1.086} 1.039) 15/6 134 2 154, | 1.289) % 6 |1.0040) 1 1.007} 1.003} 1.275} 1.271] 0.298) 0.294 
2 1% | 1.244) 1.193) 114 ? 214 1% 1.474| 1 ¥g {1.0040} 1 1.007} 1.003) 1.275} 1.271] 0.298) 0.294 


* The number of flutes for ae: 5 and 6 is four. The number of flutes for No. 8 and larger is six. 
Al ensions are in inc 
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minus }4» in.; and on lengths over 6 in., plus or minus 14 
Thread Length, |(—The length of the thread is measured from 
the extreme point to the last usable thread and shall be as 


6 in. 


National Fine 


= 1% D + W in. (where this length of 


thread would be greater than three 
eighths the screw length) 


follows: = 3¢ L (where this length of thread would 
1 = 2D + 1% in. (where this length of thread be greater than 144D + 4 in.) 
would ‘es greater than half the screw Screws too short to allow application of these formulas shall 
National Coarse length) be threaded as close to the head as practicable. 
= 14 L (where this length of thread would Screw Point Chamfer, Z—The point shall be flat and cham 
be greater than 2D + 4 in.) fered. The flat shall be normal to the axis of the screw and the - 
7 SS on AM 
fois A 
pak 
W WwW 
TABLE 3—Dimensions of Keys for Fluted Socket-Head Capscrews and Setscrews* 
D M W N E B Cc R 
Length long arm 
Screw size Major diameter Minor diameter Width of flute Length Length short arm p 
of flute Radius 
Short series Long series of bend 
Cap Set Max Min Max Min Max Min Min Max Min Max Min Max Min 
= 5. | 0.0690 | 0.0680 | 0.0510 | 0.0500 | 0.0260 | 0.0250 | 1g 2140 1540 127%o 12lZ, _— —_ ie 
= 6 | 0.0760 | 0.0750 | 0.0530 | 0.0520 | 0.0280 | 0.0270 lg 20 1540 127% 12k — — eg 
2 5, 6 | 0.0720 | 0.0710 | 0.0600 | 0.0590 | 0.0190 | 0.0180 | 2189 19 127%o 22140 — — Ye 
3,4 8 | 0.0940 | 0.0930 | 0.0780 | 0.0765 | 0.0260 | 0.0250 | ik 4564 3364 135 12545 — —_— 4 
5, 6 10 | 0.1100 | 0.1090 | 0.0940 | 0.0925 | 0.0290 | 0.0280 | 3% | 34 Mech 2osaru) 12eenni eee “= 3a 
5, 6 12 | 0.1100 | 0.1090 | 0.0940 | 0.0925 | 0.0290 | 0.0280 | 545 34 %6 2349 12% — _ 340 
8 VY | 0.1440 | 0.1425 | 0.1230 | 0.1215 | 0.0370 | 0.0855 | 3%, 219 219 211e9 2549 32740 | 32lKe \ 
10, 12 546} 0.1830 | 0.1815 | 0.1580 | 0.1565 | 0.0440 | 0.0425 | Wo 15/6 34 21%» 21346 40 440 342 
yy 3g | 0.2160 | 0.2145 | 0.1720 | 0.1705 | 0.0550 | 0.05385 | 14 lke 210 22145 22140 41% > 4132, He 
X46 {6| 0.2510 | 0.2495 | 0.2010 | 0.1995 | 0.0655 | 0.0640 | %e 1K 1546 3340 229%. | 43lg0 | 42540 | Ve 
_ 1% | 0.2910 | 0.2895 | 0.2390 | 0.23875 | 0.0775 | 0.0760 1¥o| 1%e le 31140 35%e 514, 554e \% 
= %e| 0.2910 | 0.2895 | 0.2390 | 0.2375 | 0.0775 | 0.0760 | 1342) 1%2 1Me 3ll4o 3540 514, | 552 y% 
3,746 | 5€ | 0.3720 | 0.3705 | 0.3100 | 0.3085 | 0.0975 | 0.0960 | 3¢ | 11342 | 1542 | 32%2 | 32&%_ | 6842 | 52% | 546 
4,%_ | 3% | 0.4540 | 0.4525 | 0.3770 | 0.3755 | 0.1185 | 0.1170] 3% | 12542 | 1%2 | 4142 | 4540 | 62%. | 62%. | % 
5¢ % | 0.5950 | 0.5935 | 0.5000 | 0.4975 | 0.1460 | 0.1445 | 1% | 12349 | 12%%2 | 5140 | 5354p | 8ll4o | 8340 | 
34 1 | 0.6200 | 0.6175 | 0.5240 | 0.5215 | 0.1615 | 0.1590 | %@| 12%. | 12342 | 52242 | 52% | 9342 | 82%. | 6 
% 13% | 0.6980 | 0.6955 | 0.5930 | 0.5905 | 0.1805 | 0.1780 | 5¢ | 12% | 12342 | 52%%2 | 52%%o | 9342 | 82% | %e 
1 134 | 0.7900 | 0.7875 | 0.6740 | 0.6715 | 0.1975 | 0.1950 | 1346] 13442 | 12545 | 61142 | 6542 |°92%%2 | 92440 | 5% 
= 13¢ | 0.8580 | 0.8555 | 0.7330 | 0.7305 | 0.2155 | 0.2130 | 34 | 2342 | 13546 | 62% | 62342 | 101%» | 10134. | 1346 
136, 114, 134] 134 | 0.9590 | 0.9565 | 0.8170 | 0.8145 | 0.2395 | 0.2370 | 1346| 2%. | 2Ke | 71Ke| 7542 | 111%. | 11540 | 3% 
— 134 | 1.2640 | 1.2615 | 0.9960 | 0.9935 | 0.3065 | 0.3040 1546| 22340 21%o 91l4Z> 9540 141lé5 | 14542 % 
16 2 | 1.2640 | 1.2615 | 0.9960 | 0.9935 | 0.3065 | 0.3040 | 1X4 | 22342 | 22342 | 91342 | 9542 | 141% _ | 1454. | 1 


* The number of flutes for Nos. 5 and 6 is four. The number of flutes for No. 8 and larger is six. 


All dimensions are in inches. 


SOCKET-HEAD CAPSCREWS AND SETSCREWS 


chamfer, Z, shall be at an angle of 35 + 5 deg, —0 deg with the 
plane of the flat. The chamfer shall extend to the bottom of the 
thread, and edge between flat and chamfer shall be slightly 
rounded. 

Socket Setscrews—Reference Notes (Table 2) 

Usable Length of Thread—Where usable length of thread is 
less than nominal diameter, half dog point shall be used. 

Allowable eccentricity of dog-point axis with respect to the 
screw axis shall not exceed 3% of the nominal diameter of the 
serew with a maximum of 0.005 in. 

Chamfers and Point Angles—W = 45 + 5 deg, —O deg; X = 
118 + 5 deg; Y = (see Table); Z = 35 + 5 deg, —0O deg. 

Socket Depth, T—Maximum socket depth, 7’, should not ex- 


ceed three fourths of minimum head height, H. 


Socket End Chamfer, V—Socket end of screw shall be flat and 
chamfered. The flat shall be normal to the axis of the screw and 
the chamfer, V, shall be at an angle of 35 + 5 deg, —0 deg with 


aah 
if 
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the surface of the flat. The chamfer shall extend to the bottom 
of the thread, and the edge between flat and chamfer shall be 
slightly rounded. 

Length, L—The length of the screw shall be measured overall 
on a line parallel to the axis. The difference between consecutive 
lengths shall be as follows: 

1. for screw lengths 14 to 5¢ in., difference = 1/¢ in. 

2. for screw lengths 5 to 1 in., difference = 

3. for screw lengths 1 to 4 in., difference = 44 in. 

4. for screw lengths 4 to 6 in., difference = 14 in. 

Length Tolerance—Allowable tolerance on length, L, shall be 
3% on lengths 2 in. and under with a minimum of 0.020 in., 
one half to be applied plus and one half minus; on lengths over 
2 in. to 6 in. plus or minus }4,2 in.; on lengths over 6 in. plus or 
minus 14¢ in. 

Screw Threads shall conform to the American Standard Screw 
Threads, ASA B1.1. 


RO, 
peek 2S, 
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TABLE 4—Dimensions of Keys for Hexagon Socket-Head Capscrews and Setscrews* 


D Ww B Cc R 
Length long arm 
Screw size Hexagon width across flats Length short arm Radi 
Short series Long series of Rea 
Cap Set Max Min Max Min Max Min Max Min 
2 5 Me 0.0615 2V0 1589 12%. 174 = == Meo 
2 6 Ke 0.0615 2V0 1349 1272 17}42 a = Ke 
3,4 8 Ya 0.0771 4564 3364 13% 12549 — = %a 
5, 6 10 30 0.0927 34 Ke 2340 “12940 = = %%e 
5, 6 12 30 0.0927 34 Ke 2340 12989 = = 32 
8 yu 7 0.1235 279 2Ve9 2189 2540 3772 370 % 
10, 12 46 50 0.1547 16 % 21%0 21346 40 40 3% 
M% 3% He 0.1860 12 2789 2270 2789 41%» 41365 6 
Ke Ke Ke 0.2172 1 16 3340 27% 43\e5 42545 Wea) 
= 44 % 0.2485 1%2 le 31M 3540 512 5342 M 
= Ke uM 0.2485 1l%e 1% 319 3340 51140 5542 M4 
3%, Ke % Ke 0.3110 11> 1%» 3774 370 6342 57%» Hc 
4, Ke 34 3% 0.3735 11545 1%. 4ll0 4540 67342 6740 %% 
es % % 0.4985 17349 11%. 512 55%4e 81h40 854 % 
ac 1 %6 0.5600 12% 17) 5772 57a 9342 87% He 
4,i% 14% %6 0.5600 12% 12% 52342 57i49 9340 82% Ke 
1 14, 1% % 0.6225 13149 12540 61442 6542 92% 929 % 
Lg, 134, 136 14 4 0.7475 2342 2M To 7382 111% 11549 34 
, — 13% 1 0.9975 22340 24s 91l4 9549 141%, 14540 1 
14% 2 1 0.9975 22340 Wwe 91lgo 9% 141%> 14546 1 


A ® All dimensions are in inches. 
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ROUND UNSLOTTED-HEAD BOLTS 


Round Unslotted-Head Bolts 


SAE Standard 


Report of Screw Threads Division approved February 1929 and last revised January 1942. This SAE Standard conforms with American Standard 
for Round Unslotted-Head Bolts, Carriage, Step , and Machine Bolts, ASA B18.5—1939. 


[This SAE Standard is sponsored by ASME and SAE under 
ASA procedure. It is primarily for use in the motor-vehicle and 


NOMINAL BOLT 


DIAMETER OF HEAD, A 


TABLE 1—Square-Neck Carriage Bolt® 


HEIGHT OF HEAD, H 


DEPTH OF SQUARE, P 


WIDTH OF SQUARE, B 


agricultural-implement industries but is recommended for other 
constructions where these types of bolts are used.] 


DIAMETER, D 

Min Max Min Max For bolt lengths Min Max Min Max 

No. 10 (Ke) 0.488 0.469 (32) 0.094 0.114 14g and shorter 0.094 0.125 0.185 0.199 
144 and longer 0.188 0.219 ; ; 

y (%@) 0.5683 | 0.594 (6) 0.125 0.145 144 and shorter 0;125° | 0.156. | 9 o45 eae 
13 and longer 0.219 0.250 : i 

546 (146) 0.688 0.719 (52) 0.156 0.176 14 and shorter 0.156 0.187 0.307 0.324 
13g and longer 0.250 0.281 ; . 

86 (1345) 0.813 0.844 (3{6) 0.188 0.208 14% and shorter 0.188 0.219 0.368 0.388 
15g and longer 0.281 0.312 p ‘ 

Keo (1546) 0.938 0.969 (Ye) 0.219 0.239 144 and shorter 0.219 0.250 0.431 0.452 
15 and longer 0.313 0.344 2 : 

ly (1146) 1.063 1.094 (44) 0.250 0.270 1% and shorter 0.250 0.281 0.492 0.515 
2 and longer 0.344 0.375 ; ; 

Ye (1346) 1.188 1.219 (%e2) 0.281 0.312 1% and shorter 0.281 0.312 0.554 0.579 
2 and longer 0.375 0.406 ; 

by (1%{5) 1.313 1.344 (46) 0.313 0.344 1% and shorter 0.313 0.344 0.616 0.642 
2 and longer 0.406 0.437 : . 

34 (1%,) 1.563 1.594 (38) 0.375 0.406 1% and shorter 0.375 0.406 0.741 0.768 
2 and longer 0.469 0.500 ; y 

% (1136) 1.813 1.844 (He) 0.488 0.469 17g and shorter 0.438 0.469 0.865 0.895 
2 and longer 0.531 0.562 : i 

1 (246) 2.063 2.094 (4%) 0.500 0.531 1% and shorter 0.500 0.531 0.990 1.022 
2 and longer 0.594 0.625 : } 


* All dimensions are in inches. 
Maximum radius of fillet under head of bolt for sizes No. 10 (0.1900) to 


These bolts may be supplied with either rolled or cut threads. Rolled-thread bolts are not pointed. 


For thread length, 7’, see Appendix. 


(Continued on next page.) 


f 1 in. inclusive, shall be }42 in.; and for sizes %¢ to 1 in. inclusive, shall be 6 in. 
Length of bolt, Z, is measured from under the head to the end of the bolt. 
The screw threads of these bolts shall conform to the coarse-thread series of the American Standard Screw Threads, ASA B1.1—1935. 
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TABLE 2—Fin-Neck Carriage Bolt® 


{sales DIAMETER OF HEAD, A HEIGHT OF HEAD, 1 DEPTH OF FINS, P DISTANCE ACROSS FINS, W THICKNESS OF FINS, M 
| DIAM- 
| EreER, D | Min Max Min Max Min Max Min Max Min Max 


| No. 10} (1542) 0.469 | 0.489 | (544) 0.078] 0.098 | (544) 0.078} 0.088 | (3) 0.375 | 0.305 | (564) 0.078 | 0.098 
| aer4 (1%) 0.594 | 0.614 | (Ya) 0.109 | 0.129 | (3%) 0.094] 0.104 | (3g) 0.438| 0.458 | (342) 0.094] 0.114 
| Se )0. 719) 0.739 | (64) 0.141 | 0.161 | Gé) 0.125 | 0.185 | @%_) 0.531 | 0.551 | G¢) 0.125 | 0.145 
| 36 (2740) 0.844 | 0.864 | (1%4) 0.172| 0.192 | (%4) 0.141 | 0.151 | (3%) 0.625] 0.645 | (%4) 0.141| 0.161 

Ye | (3%) 0.969] 0.989 | (2364) 0.208 | 0.223 | (1344) 0.172] 0.182 | (23) 0.719 | 0.739 | (4) 0.172 | 0.192 
% (1349) 1.094 | 1.114 | (2564) 0.234| 0.254 | (8%{@) 0.188] 0.198 | (13{6) 0.813} 0.833 | (3g) 0.188 | 0.208 


® All dimensions are in inches 
{ Maximum radius of fillet under head of bolt for sizes No. 10 (0.1900) to a) in. inclusive, shall be 32 in. 
Length of bolt, L, is measured from under the head to the end of the bolt 
The screw threads of these bolts shall conform to the coarse-thread series of the American Standard Screw Threads, ASA B1.1—1935. 
These bolts may be supplied with either rolled or cut threads. Rolled-thread bolts are not pointed. 
For thread length, 7’, see Appendix. 


(a 
ae 
= — nn: 
se a ie 


TABLE 38—Ribbed-Neck Carriage Bolt* 


DIAMETER OF HEAD, A HEIGHT OF HEAD, H DISTANCE OF RIBS BELOW HEAD, P LENGTH OF RIBS, Q 
NOMINAL BOLT 
DIAMETER, D : A For L. 16 For L z % For L, : NUMBER OF RIBS 
Min Max Min Max e leat oe es Tolerance + ae ana sé fees 
No. 10 (He) 0.488 0.469 (342) 0.094 0.114 0.031 0.063 0.031 0.188 0.313 0.500 9 
y% (%6) 0.563 | 0.594 (46) 0.125 0.145 0.0381 0.063 0.031 0.188 0.313 0.500 10 
He (6) 0.688 | 0.719 (542) 0.156 0.176 0.031 0.063 0.031 0.188 0.313 0.500 12 
3% (1346) 0.813 | 0.844 (36) 0.188 0.208 0.031 0.063 0.031 0.188 0.313 0.500 12 
Ke (154,) 0.938 | 0.969 (%eq) 0.219 0.239 0.031 0.063 0.081 0.188 0.313 0.500 14 
Ky (146) 1.063 1.094 (4) 0.250 0.270 0.031 0.063 0.031 0.188 0.313 0.500 16 
Ke (136) 1.188 | 1.219 (%e2) 0.281 0.312 0.094 0.094 0.031 0.188 0.313 0.500 18 
5% (15.5) 1.313 1.344 (46) 0.313 0.344 0.094 0.094 0.031 0.188 0.313 0.500 19 
34 (1%6) 1.563 1.594 (34) 0.375 0.406 0.094 0.094 0.031 0.188 0.313 0.500 22 


® All dimensions are in inches 
Maximum radius of fillet under head of bolt for sizes No. 10 (0.1900) to 4 in. inclusive, shall be 142 in.; and for sizes %6 to 94 in. inclusive, shall be Me in. 
Included angle of ribs shall be approximately 90 deg. 
Length of bolt, Z, is measured from under the head to the end of the bolt. 
The screw threads of these bolts shall conform to the coarse-thread series of the American Standard Screw Threads, ASA B1.1—1935. 
These bolts may be supplied with either rolled or cut threads. Rolled-thread bolts are not pointed. 
f For thread length, T, see Appendix. 


(Continued on next page.) 
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TABLE 4—Siep Bolt or Oval-Head Elevator Boll * 


RCRD HEAD DIAMETER, A HEAD HEIGHT, H DEPTH OF SQUARE, P WIDTH OF SQUARE, B 
DIAMETER, D 5 
Min Max Min Max For bolt lengths Min Max Min Max 
No. 10 0.625 0.656 0.094 0.114 14% and shorter 0.094 0.125 0.185 0.199 
144 and longer 0.188 _ 0.219 : ; 
\ 0.813 0.844 0.125 0.145 || 124 and shorter 0.125 0.156 
13g and longer 0.219 0.250 sie ve 
Ke 1.000 1.031 0.156 0.176 144 and shorter 0.156 0.187 
13g and longer 0.250 0.281 ert Deez 
3% 1.188 1.219 0.188 0.208 114 and shorter 0.188 0.219 
15 and longer 0.281 0.312 i eo 
He 1.375 1.406 0.219 0.239 -| 114 and shorter 0.219 0.250 
15g and longer 0.313 0.344 ae a 
aA 1.563 1.594 0.250 0.270 1% and shorter 0.250 0.281 
2 and longer 0.344 0.375 age Oeae 


* All dimensions are in inches. 

Maximum radius of fillet under head of bolt for sizes No. 10 (0.1900) to 4 in. inclusive, shall be 2 in, 

Length of bolt, Z, is measured from under the head to the end of the bolt. 

The screw threads of these bolts shall conform to the coarse-thread series of the American Standard Screw Thread, ASA B1.1—1935. 
These bolts may be supplied with either rolled or cut threads. Rolled-thread bolts are not pointed. 

For thread length, 7, see Appendix. 


TABLE 5—Button-Head Bolt * 


HEAD DIAMETER, A HEAD HEIGHT, H 
NOMINAL BOLT 


DIAMETER, D 


Min Max Min Max 


No. 10 (Ke) 0.488 |} 0.469 (342) 0.094 0.114 


\K (%) 0.563 | 0.594 | (3) 0.125 | 0.145 

>| %e 6) 0.688 | 0.719 (542) 0.156 | 0.176 

) memes 6 oe 3¢ (13%) 0.813 | 0.844 | (8%) 0.188 0,208 
% (154) 0.938 0.969 | (%s) 0.219 | 0. 

TAA D CH 1“ (134s) 1.063 | 1.094 | (4) 0.250 | 0.270 


casio 


56 (15{5) 1.313 | 1.344 | (545) 0.313 | 0.344 
aes ye a ae ROG 28 34 (1%) 1.563] 1.594 | (3%) 0.375 | 0.406 


| Ke (1346) 1.188} 1.219 (%2) 0.281 0.312 


y% (1134—) 1.813 | 1.844 (Ke) 0.438 0.469 
1 (2%6) 2.063 | 2.094 (4) 0.500 0.531 


* All dimensions are in inches. Ze 

Maximum radius of fillet under head of bolt for sizes No. 10 (0.1900) to }4 in. in- 
clusive, shall be }42 in.; and for sizes %6 to 1 in. inclusive, shall be }46 in. 

Length of bolt, Z, is measured from under the head to the end of the bolt. 

The screw threads of these bolts shall conform to the coarse-thread series of the 
American Standard Screw Threads, ASA B1.1—1935. 

These bolts may be supplied with either rolled or cut threads. Rolled-thread bolts 
are not pointed. a 

For thread length, 7’, see Appendix. 


(Continued on next page.) 
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TABLE 6—Countersunk Carriage Bolt*® 


DEPTH OF SQUARE WIDTH OF 
HEAD 
NOMINAL ih rime ae FEED AND COUNTERSINK, SQUARE, 
BOLT THICK- P B 
DIAMETER, NESS, 
D Min Max Jy Min Max | Min | Max 


No. 10 | (24) 0.500 |0.520/0.016| (742) 0.219 |0.250/0.185/0.199 
\y (5g) 0.625 |0.645|0.016| (92) 0.281 |0.312|0.245|0.260 
544 | (34) 0.750 |0.770|0.031) (1142) 0.344 |0.375|0.307|0.324 
3g (%) 0.875 |0.895|0.031| (1344) 0.406 |0.437|0.368)0. 388 


46 (1) 1.000 |1.020/0.031) (2542) 0.469 |0.500/0.431/0. 452 
4 (134) 1.125 |1.145)0.031) (27%2) 0.531 |0.562/0.492/0.515 
16 (144) 1.250 |1.275)0.031) (4942) 0.594 |0.625/0. 554|0.579 
% (13g) 1.375 |1.400|0.031) (2142) 0.656 |0.687/0.616/0.642 
4 (15g) 1.625 |1.650|0.047) (2549) 0.781 |0.812/0.741)/0.768 


4 All dimensions are in inches. 

Maximum radius of fillet under head of bolt for sizes No. 10 (0.1900) to 4 in. in- 
clusive, shall be 142 in.; and for sizes 946 to 34 in inclusive, shall be #46 in. 

Tolerance for included angle of head is plus 2 deg. 

Length of bolt, Z, is the overall length. 

The screw threads of these bolts shall conform to the coarse-thread series of the 
American Standard Screw Threads, ASA B1.1—1935. 

These bolts may be supplied with either rolled or cut threads. Rolled-thread bolts 
are not pointed. 

For thread length, 7, see Appendix. 


TABLE 7—Countersunk Bolt* 


NOMINAL paaaeaes OF HEAD, eerie ht 
DIAMETER, PLN 
D Basic Max Min 
XK 0.905 0.936 0.874 0.250 
Xe 1.018 1.049 0.987 0.281 
54 1.181 1.194 1.068 0.313 
34 1.358 1.421 1.295 0.375 
K% 1.584 1.647 1.521 0.438 
1 1.810 1.873 1.747 0.500 
1% 2.036 2.114 1.973 0.563 
14 2.263 2.341 2.200 0.625 
134 2.489 2.567 2.426 0.688 
1% 2.715 2.793 2.652 0.750 
1% 2.941 3.019 2.878 0.813 
134 3.168 3.262 3.105 0.875 
1% 3.394 3.488 3.331 0.938 
2 3.620 3.714 3.557 1.000 


® All dimensions are in inches. 

Maximum radius of fillet under head of bolt for sizes 14 in. to 2 in. inclusive, shall 
be Me in. 
The depth of head, H, is given for construction purposes only. Variations in this 
peak are controlled by the diameters, A and D, and the included angle of the 

ead 

Tolerance for included angle of head is plus 2 deg. 

Length of bolt, Z, is the overall length. 

The screw threads of these bolts shall conform to the coarse-thread series of the 
American Standard Screw Threads, ASA B1.1—1935. 

These bolts may be supplied with either rolled or cut threads. Rolled-thread bolts 
are not pointed. 

For thread length, 7, see Appendix. 

For sizes smaller than 14 in., see American Standard for Slotted-Head Proportions, 
B18c—1930 (Flat- Head Capscrews) 


; a A 
/ (Continued on next page.) 
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Appendix 


TABLE 8—Minimum Usable Thread Lengths of Round Unslotted-Head Bolts * 


NOMINAL BOLT DIAMETER, D 


sont tenors) ZL | No. 10,4 | %, H hy ¥ %, 6 4 % 1 1%,1% | 136, 114 154, 1% 1%, 2 
Minimum usable thread length,° T 
34 % % = = — = —= = = — — 
1 34 34 34 4 — — = — — — _ 
1% 34 34 1 1 1 af a ak EE = an 
14 34 % | 1 ng | ug | U6 - ~ ~ ~ — 
134 94 aaa 16 | 1% | 19 | 196 ~ ~ ~ ~ 
2 % 1 1% 1% 13g 1%. 15¢ 156 at = ads 
2% % 1 1% 1% 1% 1%¢ 134 2 2 = the 
3 3 I 1% 1% 134 134 134 24g. 24 24 = 
4 % 1 1% yg | 1% 2 TG, 24 2 21 3% 
5 % 1346 1% 1% 13; 2 24 234 234 2h 3% 
6 % 1346 14% 14 134 2 24 234 34 34 34 
8 % 136 1% 113%, 2 2 24 234 3 334 4 
10 % 1346 14g 11346 238 246 246 234 34 334 44 
12 % 1346 1% 11346 216 246 234 234 34 334 444 
16 1 1%6 1% 11346 246 2146 234 34 34 334 44 
20 1 13% 1% 11344 2% Ke 234 33¢ 4 456 434 
30 io = 134 11346 24g 26 234 334 4 45g 54 


® All dimensions are in inches. 

> Bolt length, L, is measured from the greatest diameter of the bearing surface of (or, under) the head to the end of the bolt, in a line parallel to the axis of the bolt. 

© Minimum thread length, 7’, is measured from the extreme end of the bolt to the last complete thread. 

Length of incomplete thread shall not exceed 214 threads ; ; i 

Tolerances for bolt lengths 6 in. and under are -+-}42 in. for diameters 4 to 34 in. inclusive; +46 in. for diameters 746 and % in.; + 4 in. for diameters 56 to 1 in. inclusive; 
+74 in. for diameters 1% to 2 in. inclusive. Bante : : - J q 

Tolerances for bolt lengths over 6 in. are +6 in. for diameters 4 to % in. inclusive; +342 in. for diameters 46 and 14 in.; +%e in. for diameters 5& to 14 in. inclusive; and 
+} in. for diameters 136 to 2 in. inclusive. 

For intermediate bolt lengths, the minimum thread length shall be the same as that specified in the table for the next shorter bolt of the same diameter. 

Bolts too short for the specified minimum thread length shall be threaded to within 4 in. of the head or neck on sizes No. 10 to % in. inclusive; 34 in. on sizes 6 to 1 in. 
‘aclusive; and ¥ in. on sizes 1}4 to 2 in. inclusive. 


o~ moms 


Connecting-Rod Bolts 
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SAE Standard 


Report of Engine Division approved August 1920 and last revised by Gasoline Engine Division January 1941. 
” 


TABLE 1—Dimensions for Connecting-Rod Bolts*® 


® Note—The angle of chamfer shall not exceed 40 deg with top 
y face of nut 


BOLT, G H, 
SIZE, A B (o D E® F | xo. |LENGTH,| R 
SS TPI * | minus 
88 F- A oe em ieee 
Be, Be 5{g-24| Lengths | %@ |3{61/0.3125|| 34 [8% 48 | 349 
v ae \2 ee aE ‘ vary by 0.3105 ae 
3g -24| even 1g | 5g /740)!0.3750|| 5¢ [242] 86] %q 
NAAN WS -Pri Size in., pref- 0.3730 ‘e 
| % MU Uy) Cotter Pin 146-20 lerably by | 1346|}4 |[0.4375|| 1346)34 | 36 | %4 |}? 
SX \y in. 0.4355 
+0000" \y -20 34 %e 0.5000 34 %e 36 %a Y 
0.008" 0.4975 es 
| %e-18 HK [%el[0.5625\| 16 Yo) 28| 36 Ifa 
| 0.5600 64 
: 5g -18 1 3¢ 10.6250 |1 3g | 28 | 3 
Fig. 1—Connectine-Rop Bout % : 0.6220 : As 
34 -16 16 |ol/0.7500\]19¢ 76] 28 | 36 ||, 
0.7470 i 
i -14 13g |} |(0.8750\|134 [34 | 28 | 3%¢ , 
0.8715 
1 -14 144 |%el}1.0000| 114 |5¢ | 28| Ke 
. 0.9965 
‘ Recommended practice for material is high-strength steel, heat-treated. 
| > Threads are NF—3. 
i ° Minimum length of usable threads. 
] e 
High Nuts SAE Standard 
Report of Serew Threads Division approved July 1924 and last revised January 1942, | 
TABLE 1—Dimensions of High Nuts® 
SIZE, A B Cc D> E F G 
\% WG 3% Me 2564 Ya 39 
Ke 4% 2%a 564 2 GA 389 %o 
3% %6 179 %%o 3364 \ \% 
He | % 9%, | a | Sa | he | 342 
4% 34 Me % AG %e 50 
® %e % ay %a 5¥ea 540 46 
6 1 2762 562 5364 He | ea 
4 1% 1 46 8% He | 74 
% 1%6 42 Wo 1% He és 
1 15 y 121 \ ko 
Fig. 1—Dimensions or Hicu Nuts : 1% 20 “A “oa . 


® All screw threads shall be Class 2 fit ag given in the SAE Standard for Screw 
hreads. 
b The counterbore indicated is optional. 
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Cap (or Acorn) Nuts SAE Recommended Practice 


Report of Screw Threads Division approved January 1933 and last revised January 1942. 


a 


Cap-nut construction may be either solid or two-piece construc- 
tion. 

A, for sizes No. 6 to 76 in., inclusive, equals hexagon size — 
44 in.; and for sizes % to 134 in., inclusive, equals hexagon 
size — We in. 

H, for No. 6 to No. 10, inclusive, equals D; for No. 12 to 134 
in., inclusive, equals 7% D. 


£ H', for low nuts, light series only, equals 34 D. 
R’, radius for sizes No. 6 to 6 in., inclusive, equals ¥a in.; 
for sizes }4 to 134 in., inclusive, equals 142 in. 
The thread in the hole is to be countersunk 35 deg with the 
face of the nut and to the diameter of the tap. 
T, depth of usable thread forthe low-type nuts, must be re- 
Fig. 1—Dimensions or Cap Nurs duced by the amount H — H’. 


TABLE 1—Dimensions of Cap Nuts 


WIDTH OF FLATS, W* 
NUT sSIzE, D C aw R S ape Tr: Ds 
Light Regular 

No. 6 46 Ke = : Ya Veo %a 1% 4 

No. 8 Ke Ke = %a Yeo 540 oe 
No. 10 1564 3% —— 4 go Ke 2564 
No. 12 1564 3% = G64 Yeo Veo 2a 
Y Y% AG Keo Ko a \Y 1569 
Ke Ya % %6 1364 %a Ke V9 

%% 1% 4 Ke 5% 1%4 Ya 3% % 
Ke Yo % 3% %e ¥a “s 2360 
% % % 1346 He ¥4a % 1346 
%e iG % % 3% V6 Ke 1546 
5% Ys 16 1 3% Ye % 8364 

34 1% 16 14% Ke V6 % 1%6 

% 3% 4 1% 1546 3364 %o % 13 

1 16 1Ke6 14 1% %4o 1 1%6 
1 2560 1% 116 4364 342 1g 12540 
14% 2U9 11346 1% 4464 %o 1% 11546 


® The width across flats of these nuts conforms to the American Standard as revised in 1933, except Nos. 8 and 12 in the light series, as shown. 


Slots in Plain Nuts 


Report of Screw Threads Division approved June 1931 and last revised January 1942. 


SLOTS IN PLAIN NUTS 


SAE Recommended Practice 


TABLE 1—Dimensions of Slots in Plain Nuts 
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NOMINAL NUT SIZE, <a SLOT DIMENSIONS, IN. NOMINAL NUT SIZE, Ree, LEY SLOT DIMENSIONS, IN, 
| ms Width Depth Width Depth 
4 Ye Yea 340 %4 *Ve 346 A 
46 1a 340 %4o % 4% 4 6 4% 
| % Yea % % 1 K% 4 %e 
| Ke 3 542 1g $364 4% 149 
| 4% Keo 3 30 1% 1349 He % 
| Ke aY4 eo Ke 13 11364 He % 
| % 3564 He Yo 1% 16 3% He 


SAE General Information 


Alignment of Nut Slots 


Report of Screw Threads Division approved February 1925 and last revised January 1942. 


This method of gaging castle-nut slots permits as much varia 
tion in the location of the cotter-pin hole in the screw as in the 
nut. Some approximations will have to be made in application of 
this method owing to differences of bore due to the drilling and 
to tapping the nut. Errors can be reduced by the nut manu- 
facturer by making the diameter of the plug suitable for the 
minimum drilled hole and by the user by making the plug suitable 
for the minimum minor diameter of the threaded hole. The 
gaging-pin diameter is intended to be the mean of the slot 
| width in the gage and the cotter-pin diameter, the drilled-rod 
| size nearest this dimension, but larger, being used. The diameter 
| of the slotted part of the gage plug is smaller to clear burrs result- 
ing from blanking and slotting the nut. See Table 1. 


Fic. 1—Gacr Dimensions 


TABLE 1—Gage Dimensions for Alignment of Nut Slots 


NUT SLOT WIDTH” SURE EELS ‘pens A B Cc D*® E 
DIAM 

ia No. In. 
| ZA %a Ye 49 0.073 0.073 0.182 Bo 0.2113 \y 
He 340 Ye 45 0.082 0.082 154 50 0.2674 1% 
; 36 \ 36 34 0.110 0.110 1% 4 6 0.3299 11é, 
| Ye 1 340 34 0.110 0.110 Ilo 46 0.3834 2544 
| 16 382 32 28 0.1414 0.1414 1345 Yy 0.4459 Keo 


® Minimum minor diameter for Class 2 nuts. If the nuts are not threaded in accordance with the SAE Standard for Screw Threads, the diameter shall be the same as the 


diameter of the Go-plug 
b SAE Standard Cotter-Pin dimensions. 


© The drill rod eu pretorably be tempered and should fit in the slot of the gage without shake. 
4, 


This dimension or 


for the bore. 
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SLOTS AND COTTER-PIN HOLES, CAPSCREWS AND BOLTS 


Slots and Cotter-Pin Holes, 
Capscrews and Bolts 


SAE Recommended Practice 


Report of Screw Threads Division approved July 1926 and last revised January 1942. 


TABLE 1—Dimensions for Slots and Cotter-Pin Holes 


PIN DIAMETER, A MINIMUM EYE DIAMETER RECOMMENDED 

HOLE DIAMETER 

Nominal Max | Min | Inside, B | Outside, C (DErLt Size) 
Ve (0.031) | 0.032) 0.028) > We 364 (0.0469) 
364 (0.047) | 0.048] 0.044) 364 3a \% (0.0625) 
We (0.062) | 0.060, 0.056) Ke iV, 54 (0.0781) 
5é4 (0.078) | 0.076) 0.072) 54 So 349 (0.0937) 
345 (0.094) | 0.090 0.086) 3%» Ke Yea (0.1094) 
3g (0.125) | 0.120) 0.116) 3 \Y% %a4 (0.1406) 
542 (0.156) | 0.150, 0.146, 345 Ke 114, (0.1719) 
34_ (0.188) | 0.176) 0.172) 36 3g 1364 (0.2031) 
Yeo (0.219) | 0.207} 0.202 1% Ke 15¢4 (0.2344) 
Y% (0.250) 0.225) 0.220) 4 yy 1764 (0.2656) 
54— (0.312) | 0.280] 0.275] %% Bg 54 (0.3125) 
3 (0.375) | 0.335) 0.329) 3% 34 3g (0.3750) 
46 (0.500) | 0.473] 0.467; \% 1 1g (0.5000) 


HEADISLOTS CENTER OF HEAD SLOTS CENTER OF 
a fener COTTER-PIN HOLE COTTER-PIN HOLE TO pier so? aaa COTTER-PIN-HOLE COTTER-PIN HOLE TO 
DIAMETER EXTREME POINT OF DIAMETER EXTREME POINT OF 
DIAMETER Width Devee SCREW,® IN. LS eee ar Width Deve, SCREW,® IN, 
“4 564 “6 340 Yea as 2 340 % 46 
46 564 “6 Vea 1g 34 540 340 ¥% Ye 
3 % 32 % 32 K% 2 342 % 4 
Ke % 342 % 2 1 2 32 % M 
a) % 342 % Ya 1 Veo eo Ke %eo 
%6 2 340 % He 14 Ye 42 Ka %e 
1% vA He My He 
* This dimension is suggested to determine the distance from the cotter-pin hole to the under face of the screw head or bolt. 
C Pi 
otter Fins SAE Standard 
Report of Miscellaneous Division approved August 1915 and last revised by Parts and Fittings Technical Committee January 1949. 
TABLE 1—Cotter-Pin Dimensions +> —b>| +> > > 


Point of Contact 
Ce 


C Ca [Sa Sap =] 
oe Mitre Extended Double Square Bevel Hammer 
Standard Mitre Mitre Cut Point Lock 


Some leeway is permissible in the design of the head, but the 
inside and outside diameters given should be adhered to. 

Prongs are to be parallel; ends shall not be open. 

Lengths, Z, shall be measured as shown on the illustrations. 

Cotter pins shall be free from burrs or any defects that will 
affect their serviceability. : 
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Plain Washers SAE Standard 


Report of Parts and Fittings Division approved August 1922 and last revised by Parts and Fittings Technical Committee January 1949. This 


| SAE Standard conforms to American Standard Plain Washers, ASA B27.2-1949, except for the manner of expressing thicknesses. 
TABLE 1—Dimensions of Plain Washers 
INSIDE OUTSIDE THICKNESS INSIDE | OUTSIDE THICKNESS INSIDE OUTSIDE THICKNESS® 
| DIAMETER,” DIAMETER, eee ees Ee aes) TAME TERS DIAMETER, DIAMETER,® DIAMETER, 
| IN. BNs Max Min Xe EN Max Min Xp aye Max Min 
ee Ke 0.025 | 0.016 13f5 13/. 0.080 | 0.051 1546 2 0.192 | 0.136 
vp ea 0.025 | 0.016 We % 0.104 | 0.064 tee A 0.192 | 0.136 
340 y% 0.025 0.016 | Keo 1 0.104 0.064 16 334 0.213 0.153 
| 1g \Y 0.028 0.017 Yo 1% 0.104 0.064 Ke 2 0.160 0.108 
| \% He 0.040 | 0.025 1545 5%4 0.080 | 0.051 16 VA 0.192 | 0.136 
3 46 0.048 0.027 4% 1 0.104 0.064 6 216 0.192 0.136 
| 540 3% 0.065 0.036 4% 14 0.104 0.064 Ke 3% 0.280 0.210 
| 1, 1340 0.065 0.036 iy 154 0.104 0.064 1%6 216 0.192 0.136 
46 36 0.065 0.036 1i49 l\K¢ 0.121 0.074 14% 234 0.192 0.136 
346 We 0.065 | 0.036 Ke 1% 0.132 | 0.086 1546 234 0.192 | 0.136 
| 1364 1540 0.065 0.036 Ke 13¢ 0.132 0.086 13% 3 0.192 0.136 
| oe es 0.065 | 0.036 Ke 1% 0.132 | 0.086 Ke 3 0.213 | 0.153 
a 4 0.065 | 0.036 19f5 1346 0.121 | 0.074] 1% 34 0.213 | 0.153 
1364 lio 0.065 0.036 56 13g 0.132 0.086 1%6 34 0.213 0.153 
% i 0.065 0.0386 54 14 0.132 0.086 154 3% 0.213 0.153 
i yy Ke 0.065 0.0386 % 24 0.160 0.108 lll, 344 0.213 0.153 
i Vg %6 0.080 0.051 2120 1546 0.121 0.074 13% 334 0.213 0.153 
‘i 164 56 0.065 0.036 1g 1% 0.160 0.108 1136 334 0.213 0.153 
i Yo 56 0.080 0.051 V6 1% 0.160 0.108 1% 4 0.213 0.153 
/ Ke 34 0.080 0.051 1W.6 234 0.192 0.136 1145 4 0.213 0.153 
\ X46 1% 0.080 0.051 13/6 1% 0.160 0.108 2 4\y 0.213 0.153 
; 1lZo 16 0.080 0.051 13/6 134 0.177 0.122 246 414 0.213 0.153 
| 3¢ % 0.080 0.051 13/6 2 0.177 0.122 216 41g 0.213 0.153 
; 34 XK 0.104 0.064 13/6 276 0.192 0.136 236 434 0.248 0.193 
Hii 34 14 0.080 0.051 1546 134 0.160 0.108 25% 5 0.280 0.210 
| 2% 514 0.310 0.228 
| 3 54 0.327 | 0.249 
| 
; j ® Tolerance is --0.005 on inside diameter to and including 742 inside diameter, and 0.010 on inside diameter greater than 742. 
! Tolerance is +0.010 on outside diameter for all sizes. 
© Thicknesses of washers are Birmingham gage. The limits given are a tolerance of plus or minus one gage, or the spread from the minimum of one gage minus to the max- 
mum of one gage plus. 


Lock Washers SAE Standard 


| ae of Parts and Fittings Division approved August 1922 and last revised by Parts and Fittings Technical Committee January 1951. This 
8 Standard conforms to American Standard Lock Washers, ASA B27.1-1950. 


Introduction 


Scope—This Standard gives the dimensions, physical proper- 
ties, and methods of testing of spring lock washers in various 
materials; carbon-steel tooth lock washers; spring lock washers 
and machine-screw assemblies; and carbon-steel tooth lock 
washers and machine-screw assemblies. 

Spring Lock Washers—The spring lock washers covered by 


this Standard are intended for automotive and general industrial 
application. They have the dual function of: (1) spring take-up 
devices to compensate for developed looseness and the loss of 
tension between component parts of an assembly and (2) hard- 
ened thrust bearings to facilitate assembly and disassembly of 
bolted fastenings by decreasing the frictional resistance between 
the bolted surface and the bearing face of the bolt head or nut. 

The Standard covers lock washers of carbon steel, stainless 
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steel Type 302, stainless steel Type 420, aluminum-zine alloy, 
phosphor bronze Grade A, silicon bronze Type B, and K-Monel. 

Tooth Lock Washers—The tooth lock washers covered by this 
Standard are intended for automotive and general industrial 
application. They serve to lock fasteners, such as bolts and nuts, 
to the component parts of an assembly, or increase the friction 
between the fasteners and the assembly. 

The Standard applies to tooth lock washers with internal 
teeth, tooth lock washers with external teeth, and tooth lock 
washers with both internal and external teeth. 

Spring Lock Washers and Machine-Screw Assemblies—The 
spring lock washer and machine-screw assemblies covered by this 
Standard are general-purpose fasteners for mass production and 
other operations where speed and convenience are paramount 
factors. 

Tooth Lock Washers and Machine-Screw Assemblies—The 
tooth lock washer and machine-screw assemblies covered by this 
Standard are general-purpose fasteners for mass production and 
other operations where speed and convenience are paramount 
factors. 


Spring Lock Washers 


General Specifications—These general specifications apply 
and are common to ‘spring lock washers of the various materials 
covered by this Standard. 


The additional requirements peculiar to washers of a specific 


material are covered in the detailed specifications which follow. 

Use and Application—Use and application of spring lock 
washers are described in Introduction. 

Washer Section—The section of finished washers shall be 
slightly trapezoidal in shape with thickness at the inner periphery 
greater than the thickness at the outer periphery by an amount 
varying from a minimum of 0.0005 in. to a maximum of 0.001 
in. per 0.0156 (464) in. of section width. The minimum thickness 
specified in the table of dimensions represents the nominal mean 
thickness of the trapezoid. Reduced to formulas, the increase in 
thickness from the outer periphery to inner periphery is T 
minus ¢ or 0.032 W (minimum) to 0.064 W (maximum). 

Cotling—Washers shall be coiled so that free height is ap- 
proximately twice the thickness of washer section. Gap and 
relationship of severed ends shall be such as to prevent washers 
tangling. 

Quality of Finish—The flat faces of washers and the inner and 
outer peripheries shall be smooth and free from knurling, ser- 
rations, die marks, and deep scratches, although slight feed-roll 
marks are permissible. 

Washers shall also be free from burrs, rust, pit marks, and 
loose scale with internal and external circumferential edges 
rounded sufficiently to avoid checks. 

Designation—Washers shall be specified or designated by the 
nominal size and the series, that is, 14 in. light, 14 in. medium, 
4 in. heavy, or 4 in. extra heavy. 

Dimensions—The dimensions of spring lock washers are as 
specified in Tables 2 to 5. Washers in certain materials are not 
available in all of the four series covered by those tables. For the 
series in which washers are available see the detailed speci- 
fications which follow. 

Temper Test—After compressing to flat and releasing, the free 


height of a washer shall be at least two thirds of the original free 
height. 

Twist Test—A portion of washer shall be firmly gripped in 
vise jaws having sharp edges. The ends of the washer shall be 
free and an axis passing through the slot shall be parallel to the 
top of the vise. An equal portion of the washer shall be gripped 
in wrench jaws. Edges of the wrench jaws shall be sharp and in a 
plane parallel to the top of the vise. Between the grip of the 
vice and the wrench approximately 25% of the washer shall be 
exposed. For convenience and uniformity of test the distance 
between the vise and the wrench is specified in Table 1. 

Movement of the wrench in a direction that increases the free 
height of the spring lock washer shall twist carbon-steel washers 
through an angle of 90 deg and stainless steel and nonferrous 
washers through an angle of 45 deg, without sign of fracture. 
When a washer fractures at a greater degree of twist, the structure 
at the point of fracture shall show a fine grain, and the washer 
up to the instant of fracture shall deliver a tough, springy re- 
action. (See Fig. 4.) 


Fic. 1—CiLrearRANCE BETWEEN WRENCH AND VISE GRIP 


TABLE 1—Clearance Between Wrench and Grip of Vise* 


NOMINAL WASHER SIZE DIMENSION A 


INO.22;.95°4,70) 0; n8eee, ee ee econ ot, Ye 
IN O21 OED iw ceglas bel ede tect eh ean tener 340 
SA ay as incl eke enc hed eli 2 beth nline to BY 
BE UA gh EE a ae ee 346 
Le Ga tS 6 2i0 ein tes eee YY 
LG a 8a, LS de rate ike oes see Sie 
Vey LOA G sine oehid od ts see A ee 36 
Wed Ey Bene ey oe an ie setae ea eee We 
TCU Signore t chov en cee ee ee 1540 
1 en Lee alee SS ota eee ee % 
WO acta rine Get ass eeays ne dene ane lio 
gOS ea Ne ee Cel ee eae tr IEE yet 2 Ne 
DEES ie ce tees Shae ane be Ee 1%» 
1 eran teat rar amen Ss he NNT? GSM ane 5% 


® All dimensions are given in inches. 


Referee Clamping Test—The clamping test consists of com- 
pressing 100 samples of each batch between hardened and ground 
steel plates. The washers are to be held compressed for 1 min 
and then inspected. If no washers are broken, they should again 
be clamped for 3 hr and reinspected and if no washers are broken, 
should be compressed a third time for 16 hr or longer. 


(Text continued after Table 5.) 


bse: > 
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TABLE 2—Dimensions of Light Spring Lock Washers* 
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TABLE 3—Dimensions of Medium Spring Lock Washers* 


® All dimensions are given in inches. 
. For increased thickness due to taper, see paragraph covering washer section. 


>The maximum outside diameters specified allow for the commercial tolerances 


on cold-drawn wire and hot-rolled rod. 


INSIDE CLEARANCE OF WASHER SECTIONS, | OUTSIDE INSIDE CLEARANCE OF WASHER SECTIONS, | OUTSIDE 
DIAMETER! NOMINAL BOLT SIZE MIN DIAM DIAMETER! NOMINAL BOLT SIZE MIN DIAM 
NOMINAL SIZE Thick- NOMINAL SIZE Thick- 
Min | Min | Max | Width, | 7e8 | Max> Min | Min | Max | Width, | Aes) | Maxb 
2 2 

0.086 (No. 2)..... 0.088 | 0.002 | 0.011 | 0.030 | 0.015 | 0.165 0.086 (No. 2)..... 0.088 | 0.002 | 0.011 | 0.035 | 0.020 | 0.175 
0:099) (Nio.73))5.: 0.102 | 0.002 |0.011 | 0.035 | 0.020 | 0.188 0.099 (No. 3)..... 0.102 | 0.002 | 0.011 | 0.040 | 0.025 | 0.198 
OL11Z) (NO. 4). 2... 0.115 | 0.003 | 0.012 | 0.035 | 0.020 | 0.202 ONt12" (No: 4)io 55. 0.115 | 0.003 | 0.012 | 0.040 | 0.025 | 0.212 
0.125 (No. 5)..... 0.128 | 0.003 | 0.012 | 0.040 | 0.025 | 0.225 0.125 (No. 5)..... 0.128 | 0.003 | 0.012 | 0.047 | 0.031 | 0.239 
0.138 (No. 6)..... 0.141 | 0.003 | 0.013 | 0.040 | 0.025 | 0.239 0.138 (No. 6)..... 0.141 | 0.003-| 0.013 | 0.047 | 0.031 | 0.253 
0.164 (No. 8)..... 0.168 | 0.004 | 0.014 | 0.047 | 0.031 | 0.280 0.164 (No. 8)..... 0.168 | 0.004 | 0.014 | 0.055 | 0.040 | 0.296 
0.190 (No. 10)....) 0.194 | 0.004 | 0.015 | 0.055 | 0.040 | 0.323 0.190 (No. 10). 0.194 | 0.004 | 0.015 | 0.062 | 0.047 | 0.337 
0.216 (No. 12)....| 0.221 | 0.005 | 0.016 | 0.062 | 0.047 | 0.364 0.216 (No. 12). 0.221 | 0.005 | 0.016 | 0.070 | 0.056 | 0.380 
Sch Rall coal a 0.255 | 0.005 | 0.017 | 0.107 | 0.047 | 0.489 BWA Oy cick i CPN 0.255 | 0.005 | 0.017 | 0.109 | 0.062 | 0.493 
yA ih alia ied ea 0.319 | 0.006 | 0.020 | 0.117 | 0.056 | 0.575 Pipe ee 0.319 | 0.006 | 0.020 | 0.125 | 0.078 | 0.591 
BA gah he pit aaa 0.382 | 0.007 | 0.023 | 0.136 | 0.070 | 0.678 Se en ete 0.382 | 0.007 | 0.023 | 0.141 | 0.094 | 0.688 
Wi th a Sante ae 0.446 | 0.008 | 0.026 | 0.154 | 0.085 | 0.780 Pra ke, sis Cae 0.446 | 0.008 | 0.026 | 0.156 | 0.109 | 0.784 
[os Al NaI ean 0.509 | 0.009 | 0.029 | 0.170 | 0.099 | 0.877 We pect ey ae it 0.509 | 0.009 | 0.029 | 0.171 | 0.125 | 0.879 
Osan cette Sean 0.573 | 0.010 | 0.032 | 0.186 | 0.113 | 0.975 tg Baal Vr seal aN 0.573 | 0.010 | 0.032 | 0.188 | 0.141 | 0.979 
eee eure Se 0.636 | 0.011 | 0.035 | 0.201 | 0.126 | 1.082 See hak ole ier 0.636 | 0.011 | 0.035 | 0.203 | 0.156 | 1.086 
Titi Gea eee 0.700 | 0.012} 07038 | 0.216 | 0.138 | 1.178 BIS ps A aan Spam ee 0.700 | 0.012 | 0.038 | 0.219 | 0.172 | 1.184 
hee 8 ile ae 0.763 | 0.013 | 0.041 | 0.233 | 0.153 | 1.277 Ci tex ih Mente ae at 0.763 | 0.013 | 0.041 | 0.234 | 0.188 | 1.279 
LA tS ee ena 0.827 | 0.014 | 0.044 | 0.249 | 0.168 | 1.375 aU ae nr oy ee 0.827 | 0.014 | 0.044 | 0.250 | 0.203 | 1.377 
Post CON Sch: helen 0.890 | 0.015 | 0.047 | 0.264 | 0.179 | 1.470 AGL Nall le peat 0.890 | 0.015 | 0.047 | 0.266 | 0.219 | 1.474 
USE Oe una hal ine 0.954 | 0.016 | 0.050 | 0.277 | 0.191 | 1.562 iG ee. Be an ae 0.954 | 0.016 | 0.050 | 0.281 | 0.234 | 1.570 
[Masti ob. ak neal 1.017 | 0.017 | 0.053 | 0.289 | 0.202 | 1.656 i bethany ata three 1.017 | 0.017 | 0.053 | 0.297 | 0.250 | 1.672 
11/0 ho 1.081 | 0.018 | 0.056 | 0.301 | 0.213 | 1.746 IE ite be aceon al a 1.081 | 0.018 | 0.056 | 0.312 0.266 | 1.768 
Tiyan gt Sala ine ee 1.144 | 0.019 | 0.059 | 0.314 | 0.224 | 1.837 Ys Car Re RR 1.144 | 0.019 | 0.059 | 0.328 | 0.281 | 1.865 
UEP ie eae Renee 1.208 | 0.020 | 0.062 | 0.324 | 0.234 | 1.923 1a RE Ra 1.208 | 0.020 | 0.062 | 0.344 | 0.297 | 1.963 
1a ee 1.271 | 0.021 | 0.065 | 0.336 | 0.244 | 2.012 BU Aetiedee Been ee oe lena 1.271 | 0.021 | 0.065 | 0.359 | 0.312 | 2.058 
Lat ee 1.335 | 0.022 | 0.068 | 0.346 | 0.254 | 2.098 LD eee eer 1.335 | 0.022 | 0.068 | 0.375 | 0.328 | 2.156 
GAS, ere ios 1.398 | 0.023 | 0.071 | 0.356 | 0.264 | 2.183 (BVA eee s ane 1.398 | 0.023 | 0.071 | 0.391 | 0.344 | 2.253 
‘HTS, ey me er 1.462 | 0.024 | 0.074 | 0.366 | 0.273 | 2.269 rivet cage A iioees 1.462 | 0.024 | 0.074 | 0.406 | 0.359 | 2.349 
es soe aia 1.525 | 0.025 | 0.077 | 0.375 | 0.282 | 2.352 ee eae 1.525 | 0.025 | 0.077 | 0.422 | 0.375 | 2.446 


® All dimensions are given in inches. : ‘ 

For increased thickness due to taper, see paragraph covering washer section. 

b The maximum outside diameters specified allow for the commercial tolerances 
on cold-drawn wire and hot-rolled rod. 
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TABLE 4—Dimensions of Heavy Spring Lock Washers* TABLE 5—Dimensions of Exua-Heavy Spring Lock Washers* 
INSIDE CLEARANCE OF WASHER SECTIONS, | OUTSIDE INSIDE CLEARANCE OF WASHER SECTIONS, | OUTSIDE 

DIAMETER| NOMINAL BOLT SIZE MIN DIAM DIAMETER| NOMINAL BOLT SIZE MIN DIAM 

NOMINAL SIZE Thick- NOMINAL SIZE Thick- 
Min | Min | Max | Width, | pei) | Max? Min | Min | Max | Width, | 7685) | Max? 
2 2 
0.086 (No. 2)..... 0.088 | 0.002 | 0.011 | 0.040 | 0.025 | 0.185 . 0.086 (No. 2)..... 0.088 | 0.002 | 0.011 | 0.053 | 0.027 | 0.211 
0.099 (No. 8)..... 0.102 | 0.002 | 0.011 | 0.047 | 0.0381 | 0.212 0.099 (No. 8)..... 0.102 | 0.002 | 0.011 | 0.062 | 0.034 | 0.242 
0.112 (No. 4)..... 0.115 | 0.003 | 0.012 | 0.047 | 0.031 | 0.226 0.112 (No: 4)..... 0.115 | 0.003 | 0.012 | 0.062 | 0.034 | 0.256 
0.125 (NO25) oon... 0.128 | 0.008 | 0.012 | 0.055 | 0.040 | 0.255 O25 (NG. 5) 2 sen: 0.128 | 0.003 | 0.012 | 0.079 | 0.045 | 0.308 
0.138 (No. 6)..... 0.141 | 0.003 | 0.013 | 0.055 | 0.040 | 0.269 Onl3S8nCNor 6)r ae 0.141 | 0.003 | 0.0138 | 0.079 | 0.045 | 0.317 
0.164 (No. 8)..... 0.168 | 0.004 | 0.014 | 0.062 | 0.047 | 0.310 0.164 (No. 8)..... 0.168 | 0.004 | 0.014 | 0.096 | 0.057 | 0.378 
0.190 (No. 10)....| 0.194 | 0.004 | 0.015 | 0.070 | 0.056 | 0.353 0.190 (No. 10)....| 0.194 | 0.004 | 0.015 | 0.112 | 0.068 | 0.437 
0.216 (No. 12)....| 0.221 | 0.005 | 0.016 | 0.077 | 0.063 | 0.394 0.216 (No. 12)....| 0.221 | 0.005 | 0.016 | 0.130 | 0.080 | 0.500 
RO TIS Oe 0.255 | 0.005 | 0.017 | 0.110 | 0.077 | 0.495 DAT Lote cis eaten eto ee 0.255 | 0.005 | 0.017 | 0.132 | 0.084 | 0.539 
DAS ava ol RR oe 0.319 | 0.006 | 0.020 | 0.130 | 0.097 | 0.601 Cty Ooo Dae 0.319 | 0.006 | 0.020 | 0.143 | 0.108 | 0.627 
5) Sateen Jack ae at eel 0.382 | 0.007 | 0.023 | 0.145 | 0.115 | 0.696 See tec ES ater 0.382 | 0.007 | 0.023 | 0.170 | 0.123 | 0.746 
AIR a Ne nai tes SOM 0.446 | 0.008 | 0.026 | 0.160 | 0.133 | 0.792 WGu Te Gta aeete 0.446 | 0.008 | 0.026 | 0.186 | 0.148 | 0.844 
Sod Neleine 6 Bye ee 0.509 | 0.009 | 0.029 | 0.176 | 0.151 | 0.889 Vote tities ena bee 0.509 | 0.009 | 0.029 | 0.204 | 0.162 | 0.945 
Mies oR 0.573 | 0.010 | 0.032 | 0.193 | 0.170 | 0.989 Ae ay vere. cm tee 0.573 | 0.010 | 0.082 | 0.223 | 0.182 | 1.049 
2 Teo arene aR ani ce 0.636 | 0.011 | 0.035 | 0.210 | 0.189 | 1.100 Dora rae cas 0.636 | 0.01i'| 0.035 | 0.242 | 0.202 | 1.164 
LU aes as earn Roe 0.700 | 0.012 | 0.088 | 0.227 | 0.207 | 1.200 idighe claw corn arte 0.700 | 0.012 | 0.038 | 0.260 | 0.221 | 1.266 
BN set © Saeed 0.763 | 0.013 | 0.041 | 0.244 | 0.226 | 1.299 7 Re eeals, Beg mese ae eee 0.763 | 0.013 | 0.041 | 0.279 | 0.241 | 1.369 
UIST geese tee 0.827 | 0.014 | 0.044 | 0.262 | 0.246 | 1.401 LOK arb eae cass eee 0.827 | 0.014 | 0.044 | 0.298 | 0.261 | 1.478 
SRS ty SOE 2 0.890 | 0.015 | 0.047 | 0.281 | 0.266 | 1.504 Veer ata Fete ace 0.890 | 0.015 | 0.047 | 0.322 | 0.285 | 1.586 
Py tras Seema 0.954 | 0.016 | 0.050 | 0.298 | 0.284 | 1.604 LA serine ine eed ee 0.954 | 0.016 | 0.050 | 0.345 | 0.308 | 1.698 
5 PSR A Seeds Ak ees 1.017 | 0.017 | 0.053 | 0.319 | 0.306 | 1.716 Leen GAOT C 1.017 | 0.017 | 0.053 | 0.366 | 0.330 | 1.810 
gy do aecce ates 1.081 | 0.018 | 0.056 | 0.338 | 0.326 | 1.820 Ve oie Soto hae 1.081 | 0.018 | 0.056 | 0.3889 | 0.352 | 1.922 
1 RY he a PuN RPT Boor 1.144 | 0.019 | 0.059 | 0.356 | 0.345 | 1.921 DB Ae eR ecto 1.144 | 0.019 | 0.059 | 0.411 | 0.875 | 2.031 
AE Gea bae iter Le, aon 1.208 | 0.020 | 0.062 | 0.373 | 0.364 | 2.021 i ret ae ee Or 1.208 | 0.020 | 0.062 | 0.431 | 0.396 | 2.137 
ae ae cere eae 1.271 | 0.021 | 0.065 | 0.393 | 0.384 | 2.126 Dee oe Me ise Pe 1.271 | 0.021 | 0.065 | 0.452 | 0.417 | 2.244 
1 eth conn conte 1.335 | 0.022 | 0.068 | 0.410 | 0.403 | 2.226 154 62) eee 1.335 | 0.022 | 0.068 | 0.472 | 0.488 | 2.350 
DS Oe rk 00S ret he 1.398 | 0.023 | 0.071 | 0.427 | 0.422 | 2.325 1 ae oa Des 8 Fee, ef 1.398 | 0,023 | 0.071 | 0.491 | 0.458 | 2.453 
LBD pe eee rae a 1.462 | 0.024 | 0.074 | 0.442 | 0.440 | 2.421 LG aerate commer es 1.462 | 0.024 | 0.074 | 0.509 | 0.478 | 2.555 
1 ee A Re ena 1.525 | 0.025 | 0.077 | 0.458 | 0.458 | 2.518 16e ee aioe eee 1.525 | 0.025 | 0.077 | 0.526 | 0.496 | 2.654 
om } | } = 
® All dimensions are given in inches. ® All dimensions are given in inches. 
For increased thickness due to taper, see paragraph covering washer section. For increased thickness due to taper, see paragraph covering washer section. 

The maximum outside diameters specified allow for the commercial tolerances The maximum outside diameters specified allow for the commercial tolerances 


on cold-drawn wire and hot-rolled rod. on cold-drawn wire and hot-rolled rod. 
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Carbon-Steel Spring Lock Washers—The following additional 
requirements peculiar to carbon-steel spring lock washers sup- 
plement the requirements set forth in the General Specifications 
applying to all spring lock washers. 

Dimensions—Carbon-steel washers are available in the four 
series specified in Tables 2 to 5: light, medium, heavy, and extra 
heavy. 

When carbon-steel spring lock washers are to be hot-dipped 
galvanized for use with hot-dipped galvanized bolts or screws, 
they shall be coiled to limits 0.020 in excess of those specified 
in Tables 2 to 5 for minimum inside diameter, minimum and 
maximum clearance, and maximum outside diameter. Galvan- 
ized lock washers under 14-in. nominal size are impractical. 

Material and Hardness—Washers shall be made from carbon 
steel fabricated and heat-treated to a Rockwell hardness of 
45-53 C scale. They shall be ground down to remove decarburi- 
zation before testing hardness. They shall also meet the test 
requirements of this Standard. Galvanized lock washers shall 
have a Rockwell hardness of 45-53 C scale before galvanizing. 

Finish—Plated washers shall be baked 4 hr at 400 F as soon 
as practicable after plating in order to relieve hydrogen or acid 
embrittlement. If washers so treated fail to meet the prescribed 
tests, the baking time or the temperature or both shall be in- 
creased. 

Stainless-Steel Spring Lock Washers, Type 302—The follow- 
ing requirements peculiar to stainless-steel spring lock washers 
supplement the requirements set forth in the General Specifi- 
cations applying to all spring lock washers. 

Dimensions—Stainless-steel spring lock washers, Type 302, 
are available in the light and medium series specified in Tables 
2 and 3. 

Material and Hardness—Washers shall be made from stainless 
steel, ASTM A 318, AISI Type 302. They shall be fabricated 
and cold worked to a Rockwell hardness of 35-43 C scale. 

Stainless-Steel Spring Lock Washers, Type 420—The following 
requirements peculiar to stainless-steel spring lock washer 
supplement the requirements set forth in the General Specifi- 
cations applying to all spring lock washers. 

Dimensions—Stainless-steel spring lock washers, Type 420, 
are available in the light and medium series specified in Tables 
2 and 3. 

Material and Hardness—Washers shall be made from stainless 
steel, AISI Type 420. After coiling they shall be heat-treated by 
quenching in air or oil as indieated by proportions of the washer 


section and tempering ata temperature not to exceed 800 F to a 


Rockwell hardness of 48-53 C scale. 

Aluminum-Zine Alloy Spring Lock Washers—The following 
additional requirements peculiar to aluminum-zine alloy spring 
lock washers supplement the requirements set forth in the Gen- 
eral Specifications applying to all spring lock washers. 

Dimensions—Aluminum-zine alloy spring lock washers are 
available in the medium series given in Table 3. 

Material and Hardness—Washers shall be made from alu- 
minum-zine alloy conforming to ASTM Specification B 211, 
Alloy ZG42, or a similar alloy of equivalent physical properties. 

The washers shall receive a solution and precipitation heat- 
treatment resulting in a Rockwell hardness of 75-97 B scale or a 
minimum tensile strength of 77,000 psi. 

Tensile-test pieces of keystone wire heat-treated with the 
lock washers they represent shall be furnished upon agreement 
between the purchaser and manufacturer. 


A typical composition, givenin %, of the material is as follows: 


COpperaeer daar ane ee re meee sid vase copes a 1.2 to 2.0 
Tori y naa Kem eey rte acetate SR eee ae evan alge lave ees Mle cuca 0.70 
SNL CON EIN Ax eter ger eatNg ROM I its, sores 0.50 
Manganese wma Kempe tere o. ERM RT AN oe of dia atte eis since bare ath 0.30 
YEE CITT Be Ones hats & int nied Bi crs ean eer ae 2.1 to 2.9 
UAV le, coeits 6 eee 6 Gio on ORT TELE ho CRS er ee 5.1 to 6.1 
Chingrninna esse reece tote oe ies 6 ori. nis ee Seas 0.15 to 0.40 
SRICAMUIIN MAX Me We TERE Ete ..s thlaae aaenren nie « 0.20 

CEO) thn, S20 Ie ete i eR RR 0.05 
Othem element: an ane Le a ee a ratte ola 0.15 
PANT SA sey ore a ie eR yi Shia ahs cs. ars des remainder 


Phosphor-Bronze Spring Lock Washers—The following re- 
quirements peculiar to phosphor-bronze spring lock washers sup- 
plement the requirements set forth in the General Specifications 
applying to all spring lock washers. 

Material and Hardness—Washers shall be made from phosphor 
bronze conforming to ASTM Specification B 159, Grade A. 
They shall be fabricated and cold worked to a minimum Rock- 
well hardness of 90 B scale. 

Dimenstons—Phosphor-bronze spring lock washers are avail- 
able in the light and medium series specified in Tables 2 and 3. 

Silicon-Bronze Spring Lock Washers—The following require- 
ments peculiar to silicon-bronze spring lock washers supple- 
ment the requirements set forth in the General Specifications 
applying to all spring lock washers. 

Dimensions—Silicon-bronze spring lock washers are avilable 
in the light and medium series specified in Tables 2 and 3. 

Material and Hardness—Washers shall be made from silicon 
bronze conforming to ASTM Specification B 99, Type B. They 
shal] be fabricated and cold worked to a minimum Rockwell 
hardness of 90 B scale. 

K-Monel Spring Lock Washers—The following requirements 
peculiar to K-Monel spring lock washers supplement the re- 
quirements set forth in the General Specifications applying to all 
spring lock washers. 

Dimenstons—K-Monel spring lock washers are avilable in the 
light and medium series specified in Tables 2 and 3. 

Material and Hardness—Washers shall be made from K-Monel 
conforming to Federal Specification QQ-N-286 or Navy Speci- 
fication 46-N-5 or both. The washers shall be manufactured from 
cold-worked material and subsequently age hardened to a Rock- 
well hardness of 33-40 C scale or a minimum tensile strength of 
155,000 psi. The chemical composition, given in %, of the 
material shall be as follows: 


ING ee lteter cles yeu fess ie RRA ee Gaye aa nine 63.00 to 70.00 
FAL UTita UT creep Ne ME rein ire or eot hares oles sre avin  eetee 2.00 to 4.00 
IB ROT GUC Sot) Gites Abi Ala o Gebeer, 6 reer cesar cer ee eee Meer Reena 2.00 
Wane AGSe INA SAP RP rete. cnc eck ie cies Sine aausciny camonnietcs 1.00 
Siliconmrta a xterra ees rer area reverie sis Pewatn aren Siete cla wtetenietavate 0.50 
(ORWE OVO R11 Cettones le. ciorh al bey me IO RET e CRG SOR Carnot cer arene 0.25 
Othersmetalsemaxce cern tae incomes conte cere tee nar 1.00 
(Claro C ei? arab cere 330 chokes Seettie c s bay Aiea Rereeneaee ts mena remainder 


Tooth Lock Washers 


Use and Application—Use and application of tooth lock 
washers are described in Introduction. 


(Text continued after Table 9.) 
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TYPE A 


TABLE 6—Internal-Tooth Lock Washers*® 
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SIZE #2 #3 A #5 x6 #8 #10 #12 % Ke % 
A Max 0.200 0.232 0.270 0.280 0.295 0.340 0.381 0.410 0.478 0.610 0.692 
Min 0.175 0.215 0.255 0.245 0.275 0.325 0.365 0.394 0.460 0.594 0.670 
B Max 0.095 0.109 0.123 0.136 0.150 0.176 0.204 0.231 0.267 0.332 0.398 
Min 0.089 0.102 0.115 0.129 0.141 0.168 0.195 0.221 0.256 0.320 0.384 
CG Max 0.015 0.019 0.019 0.021 0.021 0.023 0.025 0.025 0.028 0.034 0.040 
Min 0.010 0.012 0.015 0.017 0.017 0.018 0.020 0.020 0.023 0.028 0.032 
SIZE He % He % 16 v4 ie ~ % 1 16 1% 
A Max 0.789 0.900 0.985 1.071 1.166 1.245 1.315 1.410 1.637 1.830 1.975 
Min 0.740 0.867 0.957 1.045 1.130 1.220 1.290 1.364 1.590 1.799 1.921 
B Max 0.464 0.530 0.596 0.663 0.728 0.795 0.861 0.927 1.060 1.192 1.325 
Min 0.448 0.512 0.576 0.640 0.704 0.769 0.832 0.894 1.019 1.144 1.275 
C Max 0.040 0.045 0.045 0.050 0.050 0.055 0.055 0.060 0.067 0.067 0.067 
Min 0.032 0.037 0.037 0.042 0.042 0.047 0.047 0.052 0.059 0.059 0.059 
® All dimensions are given in inches. 
TABLE 7—Heavy Internal-Tooth Lock Washers* 
SIZE YM AG) 36 AG % He % % Kw 
= Max 0.536 0.607 0.748 0.858 0.924 1.034 Lalss: 1.265 1.447 
Min 0.500 0.590 0.700 0.800 0.880 0.990 1.100 1.240 1.400 
B Max 0.267 0.332 0.398 0.464 0.530 0.596 0.663 0.795 0.927 
Min 0.256 0.320 0.384 0.448 0.512 0.576 0.640 0.768 0.894 
C Max 0.045 0.050 0.050 0.067 0.067 0.067 0.067 0.084 0.084 
Min 0.035 0.040 0.042 0.050 0.055 0.055 0.059 0.070 0.075 


* All dimensions are given in inches. 


LOCK WASHERS 471 
TYPE A TYPE B 
TABLE 8—E£xternal-Tooth Lock Washers* 

SIZE #2 #3 #4 x5 #6 «8 «10 #12 Yu He % 
i Max — — 0.290 — 0.320 0.381 0.410 0.475 0.510 0.610 0.694 
Min — —_ 0.275 — 0.305 0.365 0.395 0.460 0.494 0.588 0.670 
B Max — _— 0.123 _— 0.150 0.176 0.204 0.231 0.267 0.332 0.398 
Min _— — 0.115 — 0.141 0.168 0.195 0.221 0.256 0.320 0.384 
C Max _ _ 0.019 — 0.022 0.023 0.025 0.028 0.028 0.034 0.040 
Min — — 0.015 — 0.016 0.018 0.020 0.023 0.023 0.028 0.032 

SIZE He ¥% %e 5% 2) % 1}%6 3 1 1% 14 

# Max 0.760 0.900 0.985 1.070 1.155 1.260 1.315 1.410 1.620 — _ 

Min 0.740 0.880 0.960 1.045 1.130 1.220 1.290 1.380 1.590 —- — 

B Max 0.464 0.530 0.596 0.663 0.728 0.795 0.861 0.927 1.060 — -— 

Min. 0.448 0.513 0.576 0.641 0.704 0.768 0.833 0.897 1.025 — — 

C Max 0.040 0.045 0.045 0.050 0.050 0.055 0.055 0.060 0.067 _— — 

Min 0,032 0.037 0.037 0.042 0.042 0.047 0.047 0.052 0.059 _— —_ 

® All dimensions are given in inches. 
TABLE 9—Countersunk External-Tooth Lock Washers 

SIZE #4 6 #8 #10 #12 MY #16 546 38 He Ys 
B Max 0.123 0.150 0.177 0.205 0.231 0.267 0.287 0.333 0.398 0.463 0.529 
Min 0.113 0.140 0.167 0.195 0.220 0.255 0.273 0.318 0.383 0.448 0.512 
C Max 0.019 0.021 0.021 0.025 0.025 0.025 0.028 0.028 0.034 0.045 0.045 
Min 0.015 0.017 0.017 0.020 0.020 0.020 0.023 0.023 0.028 0.037 0.037 
D Max 0.065 0.092 0.105 0.099 0.128 0.128 0.147 0.192 0.255 0.270 0.304 
Min 0.050 0.082 0.088 0.083 0.118 0.113 0.137 0.165 0.242 0.260 0.294 
Es poets 0.213 | 0.289 | 0.322 | 0.354 | 0.421 | 0.454 | 0.505 | 0.599 | 0.765 | 0.867 | 0.976 


® For reference purposes only. 
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Dimensions— Dimensions of internal-tooth lock washers, heavy 
internal-tooth lock washers, external-tooth lock washers, counter- 
sunk external-tooth lock washers, and internal-external-tooth 
lock washers are specified in Tables 6 to 10. 

Manufacturing Detail—The number of teeth, the length of 
the teeth, the width of the rim, and the thickness of the washer 
over the teeth (free height) shall be optional with the manu- 
facturer, with the provision, however, that the projection of the 
teeth on both sides of the washer shall be uniform within a 
tolerance equal to one half of the projection on one side. Washers 


shall be symmetrical in shape and free from defects which might 
affect their serviceability. 

Material and Hardness— Washers shall be made from carbon 
steel, fabricated and heat-treated to a Rockwell hardness of 
40-50 C scale or equivalent. It is reeommended, however, that 
the lighter, more sensitive depth reading Rockwell A scale be 
used when testing washers of thin section. Decarburization shall 
be removed before testing hardness. 


(Continued on next page.) 


TABLE 10—Internal-Ezxternal- Tooth Lock Washers* 


A B ¢ A B CG 
SIZE Outside diameter Inside diameter Thickness Suz | Outside diameter Inside diameter Thickness 
Max Min Max | Min Max Min Max Min Max Min Max Min 
0.475 | 0.460 0.021 | 0.017 0.900 | 0.865 0.040 | 0.032 
#4 0.510 | 0.495 | 0.123.| 0.115 | 0.021 | 0.017 , 0.985 | 0.965 0.045 | 0.037 
0.610 | 0.580 0.021 | 0.017 | ~4® | 1.070 | 1.045 | 9-232 | 9-320 | 9 o59 | 0.042 
| 1.155 | 1.180 0.050 | 0.042 
0.510 | 0.495 0.028 | 0.023 
x6 0.610 | 0.580 | 0.150 | 0.141 | 0.028 | 0.023 0.985 | 0.965 0.045 | 0.037 
0.690 | 0.670 | 0.028 | 0.023 F 1.070 | 1.045 0.050 | 0.042 
4 1.155 | 1,130. | 0-888 | 9-384 | “Gea 
0.610 | 0.580 0.034 | 0.028 1.260 | 1.220 0.050 | 0.042 
#8 0.690 | 0.670 | 0.176 | 0.168 | 0.034 | 0.028 
0.760 | 0.740 0.034 | 0.028 1.070 | 1.045 0.050 | 0.042 
1.155 | 1.180 0.050 | 0.042 
is 
As 1.260 joa | 0-404 [0-448 | 9 O55 engnaee 
0.610 | 0.580 0.034 | 0.028 1.315 | 1.290 0.055 | 0.047 
0.690 | 0.670 0.040 | 0.032 
= 0.760 | 0.740 | 9-704 | 9-195 | 9 gay | 0.032 1.260 | 1.220 0.055 | 0.047 
0.900 | 0.880 | 0.040 | 0.032 ‘ 1.315 | 1.290 0.055 | 0.047 
/ | - “| 1 410 1.990, [P00 | Oe eee 0.052. 
0.690 | 0.670 0.040 | 0.032 1.620 | 1.590 0.067 | 0.059 
0.760 0.725 | 0.040 0.032 
2 : , 
#1 | 0.900 (0.880. | 9-781 | 02215) 6 oso. | 0.082 1.315 | 1.290 0.055 | 0.047 
0.985 | 0.965 0.045 | 0.037 s | 1.480 | 1.380 0.060 | 0.052 
. ) “As 1.620 | 1.590 | 9-96 | 9-576 | 9 o67 | 0.059 
0.760 | 0.725 | / 0.040 | 0.032 1.880 | 1.797 0.067 | 0.059 
0.900 | 0.880 0.040 | 0.032 
“4 0.985 | 0.965 | 9-767 | 9-256 | 9 ous | 0.037 1.410 | 1.380 0.060 | 0.052 
1.070 | 1.045 | 0.045 | 0.037 Hi 1.620 | 1.590 0.067 | 0.059 
% ESO. ho kaon! el Oe eee | 0.059 
1.975 | 1.935 0.067 | 0.059 


* All dimensions are given in inches. 
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Finish—Plated washers shall be baked 4 hr at 400 F as soon as 
practicable after plating in order to relieve hydrogen or acid 
embrittlement. If washers so treated fail to meet the prescribed 
tests, the baking time or the temperature or both shall be in- 
creased. 

Designation— Washers shall be specified or designated by the 
nominal size, description and type, that is, 14 in. internal tooth, 
Type A; %z in. external tooth, Type B; No. 12 internal-external 
tooth, Type A. 

Temper Test— Washers shall be set down or deflected a distance 
equivalent to one third turn of a coarse-thread nut of correspond- 
ing size. The free height of the washer on release shall be at least 
five sixths of the original free height. 

Spread Test—The rim of the lock washer shall be cut or 


~ severed with a cold chisel or cutting pliers and the severed ends 


shall be gripped by pliers or vise and pliers. Separation of the 
ends in the form of a helix, to a distance equal to the inside 
diameter of the washer, shall not result in fracture. When the 
ends are separated a greater distance and the washer fractures, 


_ the fracture at the point of fracture shall show a fine grain, and 


the washer up to the instant of fracture shall deliver a tough 
springy reaction. 

Spring Lock Washer and Machine-Screw Assemblies—Use 
and Application—Use and application of spring lock washer 
and machine-screw assemblies are described in Introduction. 

This Standard applies to slotted-screw assemblies shown in the 
drawings and to comparable cross-recess-screw assemblies. The 
screw and washer combinations specified in the dimensional 
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tables are preferred. Screws of any type head, however, may be 
assembled with the washers specified for screws of the other 
head types. 

Machine Screws—The machine-screw component of the as- 
semblies shall conform to the specifications for machine screws 
published in SAE Standard for Slotted- and Recessed-Head 
Screws (ASA B18.6), except (1) that the maximum diameter of 
the unthreaded portion shall be less than the maximum major 
diameter of the thread by an amount sufficient to prevent 
removal of the washer from the screw; and (2) that on screws 
2 in. long and shorter, the complete threads shall extend to 
within two threads of the bearing surface of the washer or closer 
if practicable. 

Spring Lock Washers—Dimensions of the spring lock-washer 
components of the assemblies are specified in Table 11. The 
washers shall otherwise conform to the standard for spring lock 
washers of the materials indicated except for modifications 
specified in this Standard. 

Assembly Detail—Washers shall be coiled so that the free 
height is approximately twice the thickness of the washer section, 
which shall be slightly trapezoidal in shape with rounded edges 
and with the thickness at the inner periphery slightly greater than 
the thickness at the outer periphery. 

The washers shall be assembled on headed screw blanks before 
the threads are rolled. The inside diameter of the washers shall 
be of a size which will permit free rotation and yet prevent their 
disassembly from the screws. 

(Continued on next page.) 


' PAN HEAD 


FILLISTER HEAD TRUSS HEAD ROUND HEAD HEXAGON HEAD 
TABLE 11—Spring Lock Washer and Machine-Screw Assemblies* 
PAN-HEAD SCREW FILLISTER-HEAD SCREW TRUSS-HEAD SCREW ROUND-HEAD SCREW HEXAGON-HEAD SCREW 
(a SCREW SIZE Washer | Washer outside | Washer | Washer outside | Washer | Washer outside | Washer Washer outside | Washer | Washer outside 
lé thickness jameter thickness diameter thickness diameter thickness | diameter thickness iameter 
g Min Min Max Min Min | Max Min | Min | Max Min : Min Max Min Min Max 
; | | 
; #4 0.031 | 0.195 | 0.208 | 0.020 | 0.171 | 0.184 | 0.034 0.225 | 0.238 | 0.031 | 0.195 | 0.208 | 0.020 | 0.171 | 0.184 
i #5 0.031 | 0.207 | 0.220 | 0.020 | 0.183 | 0.196 | 0.031 | 0.299 | 0.312 | 0.034 ) 0.237 | 0.250 | 0.020 | 0.183 | 0.196 
A *6 0.034 | 0.248 | 0.261 | 0.031 | 0.218 | 0.231 | 0.031 0.310 | 0.323 . 0.034 | 0.248 | 0.261 | 0.081 | 0.218 | 0.231 
; #8 0.031 | 0.305 | 0.319 | 0.081 | 0.243 | 0.257 | 0.047 | 0.867 | 0.381 | 0.031 | 0.305 | 0.319 | 0.031 | 0.243 | 0.257 
| ) | 
*10 0.047 | 0.359 | 0.373 | 0.040 | 0.283 | 0.297 | 0.047 | 0.423 | 0.437 | 0.047 | 0.359 | 0.373 | 0.047 | 0.297 | 0.311 
#12 0.062 | 0.414 | 0.429 | 0.047 | 0.320 | 0.335 | 0.070 | 0.468 | 0.483 | 0.047 | 0.382 | 0.897 | 0.047 | 0.320 | 0.335 
4 0.062 | 0.480 | 0.496 | 0.063 | 0.384 | 0.400 | 0.078 | 0.542 | 0.558 | 0.062 | 0.448 | 0.464 | 0.062 | 0.448 | 0.464 
He 0.078 | 0.602 | 0.618 | 0.062 | 0.508 | 0.524} — | — | — | 0.070} 0.562 | 0.578 | 0.078 | 0.540 | 0.556 
38 0.093 | 0.727 | 0.743 | 0.062 | 0.603 | 0.619 a | = — | 0.093 | 0.695 | 0.711 . 0.094 | 0.635 | 0.651 
* All dimensions are given in inches. ‘§ 
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External-Tooth Lock Washer and Machine-Screw Assem- 
blies—Use and Application—Use and application of external- 
tooth lock washer and machine-screw assemblies are described 
in Introduction. 

This Standard applies to slotted-screw assemblies shown in 
the drawings and to comparable cross-recess-screw assemblies. 

Machine Screws—The machine-screw component of the as- 
semblies shall conform to the standard for machine screws 
published in SAE Standard for Slotted- and Recessed-Head 
Screws (ASA B18.6), except (1) that the maximum diameter of 
the unthreaded portion shall be less than the maximum major 
diameter of the thread by an amount sufficient to prevent dis- 
assembly of the washer from the screw and (2) that on screws 
2 in. long and shorter, the complete threads shall extend to 


FLAT HEAD 


OVAL HEAD PAN HEAD 


within two threads of the bearing surface of the washer or closer _ 


if practicable. 


Tooth Lock Washers—Dimensions of the tooth lock-washer - 


components of the assemblies are given in Table 12. Extrusion 
of a slight collar at the inside diameter of the countersunk 
‘washers for flat- and oval-head screws is optional with manu- 
facturers. The washers shall otherwise conform to the standard 
for tooth lock washers except for modifications specified in this 
Standard. 

Assembly Detail—Washers shall be assembled on headed screw 
blanks before the threads are rolled, the inside diameter of the 
washers being of a size which will permit free rotation and yet 
prevent their disassembly from the screws after the threads are 
rolled. 


Optional 


TRUSS HEAD 


ROUND HEAD 


HEXAGON HEAD 


TABLE 12—Tooth Lock Washer and Machine-Screw Assemblies* 


FLAT- AND OVAL-HEAD 


SCREWS PAN-HEAD SCREW 


SCREW V 


TRUSS-HEAD SCREW 


ROUND-HEAD SCREW HEXAGON-HEAD SCREW 


SIZE Washer Washer Washer outside Washer Washer outside Washer Washer outside Washer Washer outside 
thickness thickness diameter thickness diameter thickness diameter thickness diameter 
Flush with 

aa aloes | mins tol- =n ee 

Max Min | erance of | Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min 
K4 —_— — _ 0.020} 0.012) 0.230} 0.220) 0.020) 0.014) 0.255) 0.245) 0.020} 0.012) 0.230) 0.220) 0.020) 0.014} 0.230; 0.220 
#5] — — _ 0.020) 0.014) 0.255) 0.245) 0.020) 0.014) 0.285) 0.270) 0.020) 0.014} 0.255) 0.245) 0.020) 0.016] 0.255) 0.245 
#6 | 0.020) 0.016) 0.026 | 0.020) 0.014} 0.285} 0.270) 0.022) 0.016) 0.320) 0.305] 0.020] 0.014! 0.285] 0.270] 0.020] 0.016] 0.285) 0.270 
#8 | 0.020] 0.016) 0.030 | 0.023) 0.018) 0.320] 0.305] 0.022/ 0.016] 0.381) 0.365) 0.023] 0.018) 0.320] 0.305] 0.023] 0.018] 0.320) 0.305 
#10 | 0.025) 0.019} 0.036 | 0.024) 0.018) 0.381} 0.365) 0.027) 0.020) 0.475] 0.460] 0.024) 0.018] 0.381] 0.365] 0.025) 0.020) 0.381) 0.365 
#12 | 0.025) 0.019} 0.041 | 0.027] 0.020) 0.410) 0.395) 0.028] 0.023) 0.510! 0.494] 0.027) 0.020) 0.410! 0.395] 0.027) 0.020) 0.410) 0.395 
% 0.025) 0.019} 0.047 | 0.028) 0.023) 0.510} 0.494) 0.028) 0.023) 0.590) 0.567| 0.028) 0.023) 0.475) 0.460] 0.028) 0.023) 0.475) 0.460 
%{e | 0.028) 0.023} 0.060 | 0.034] 0.028] 0.610) 0.588) — _ — — | 0.034] 0.028) 0.610} 0.588) 0.034) 0.028) 0.590) 0.567 
% | 0.034 0.028} 06.072 | 0.040} 0.032) 0.760) 0.740) — _ — — | 0.040) 0.032) 0.695} 0.680) 0.040) 0.032) 0.660) 0.640 


® All dimensions are given in inches. 
Type A tooth lock washer shown below the centerline. Type B tooth lock washer shown above the centerline. 
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e 
Ball Joints SAE Standard 
Report of Miscellaneous Division approved March 1920 and last revised by Parts and Fittings Technical Committee November 1948. 
Defects—Ball joints must be free from burrs, loose scale, viceability. 
sharp edges, and all other defects which might affect their ser- Threads—Threads are to be American Standard, NS, Class 2. 


Fic. 1—Tyrre A Fig. 2—Tyrr B Fic. 3—Tyrz C Fig. 4—Tyrz A—Long 
Nonadjustable end plug with Adjustable end plug with Adjustable end plug without 
spring spring spring 


TABLE la—Dimensions for Types A, B, C, and A—Long Ball Joints 


types A, B, anD C TYPE A—LONG 

2 BOSD SOS <n booed So ergo SCOR SURO eee eae ne ooo 4-28 5o-24 56-24 Ho-20 14-20 Ne pe, Y4-28 54o-24 
HUQTANE. (Winns « Ugo Ro gb aD aOR ea naDe Ko Ke 1545 1145 14, % 1% Ke WE 155 1% 
(ONSEN AVES Vo SRG OT DLE te ag a 1% % 1o 1% 1% 6 2 2 % % 1% 1%o 
Overalislengthy-Girr re. pester et hee ees 14% 1% 13% 1% 6 1154, | 25¢ 254 1134, | 11384, | 24 23% 
WRGrig Ulin terete atc. Lie -is-0 Seats oa tame % % 31g. | 1% 134 1154, | 1154, | 1% 1% 11%, | 1154, 
TRIG ALN COUS NSS Gta eee ee Rea Vg Vy 54e Ke VA A WA A 4 50 
Hex width, ]Dia td Werte Mees: TE RE 46 46 36 Ke 4% 54 5% 546 He 3% 46 
IB Ody IAMeLO DM eae e ya ons apoio nt 3% % UG Wy 5g 34 3% 3g 3 YK ¥ 
Unthreaded length, N...........5..... Ye Ve Ve 345 345 Y% Y Ware Ve Ve 3ho 
SBhankWengihe oP jt caecses oomph: 6 Ke %eo 14, % 1% 14% Ko 6 %e le 
PLAICE DUM lyr siete ye een ashi iacd a= Ks Ks yy Ke 34 1 1 %e Ke % 1 
ole diameter, iS. taeseh «Cocca eens — — — = a = at 134 15f4 Wis 2164 
Stud ball diameter (not in- ae 0.255 | 0.255 | 0.3805 | 0.3850 | 0.424 | 0.555 | 0.555 — — = a 

tended for inspection) Min | 0.250 | 0.250 | 0.300 | 0.345 | 0.419 | 0.550 | 0.550 as = = a 


30M/n. - TE }— Ge © Bie Garis: 
ik a Neen 
IN >| 3 1c a 2 Fe 
ee “BL. ‘tn Pp | 


oO” Min 
Fig. 5—Typr D—Sinetz BEenp Fic. 6—Tyrz D—Srraicut Fig. 7—Trpe G : 
Not recommended for tension or~severe Not recommended for tension or severe Nonadjustable end plug without spring or 
vibration application vibration application bottom insert 
TABLE 1b—Dimensions for Types D and G Ball Joints 
TYPE D—SINGLE BEND TYPE D—sTRAIGHT TYPE G 
THREAD SIZE, D 
1093 | 1092 | anda | 12Sa | 428 | Meme | Ole | ante | aSe | 4-28 | Meme] BSS | aio | 28 | onze 
MET CAGUSIAC 5 chs ie axles) ar sice ss — — — — — — — — — —_ — | 10-32) 10-32) 14-28)5/,-24 
JEL STA iin Jin aaa ee 10 | 1140 | 1% | 1%! %e | M6 | — _ a = —= | 491) He | He | 
Overalltheight, Fo. x. 2.0.5.0... 3lgo | 3léo |1342 ~|13%2 | 16 «1136 — — _ — — |14¥,| % |% jl 
Overall length, Cn 5 waa os Cee = = — = a —s — = = —— — % 1346 1346 146 
IWR to lil oes See ee eee 25é5 |e l1Me |e | 146 1146 122 [2546 |2i42 (2342 |21%2 | 146 | 146) 146 |1Me 
PEDO NWA ULL eis erecte «4 fUSiese sw vas 3g | 3% 3¢ 3¢ Ye |%e | % 3¢ 36 He |\%e | % 54g | Hoe | 36 
Body diameter, M................. %e | %2 | %e | %e Ke | Ke | %2 | %o | %2 | Ke | Ke | 4 He | 1362 | 1342 
Unthreaded length, N..........<.. Mee Aer | sie) | Ae Nie | %2 | He | Me | Mo | Ke | %2 | Me 364 | 4 | Me 
Shank length, 1D 5 ee ee We V6 Ke Ke Ke lis %6 6 9 6 %e6 llig %o He Ke 44 
AUDI) GG Ns 1 ae ide ee 36 4% 4% mA %6\41%6 | % ¥% 4% %e | M6 | Keo Yo | Ke | Ke 
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Ball Studs and Tie-Rod Sockets 


Report of Parts and Fittings Division approved August 1922 and last revised by Parts and Fittings Technical Committee January 1951. 


TABLE 1—Ball-Stud Dimensions 


Fig. 1—Bauu Strup 


CLASS 2A THO. 


HAWMFKER OR FALDICE FO 
AVO/D SHIA” COKIN E 


SAE Standard 


CPTIONAL MACAIMING 
OF BALL END 


D 
y, +9000 | 4 Bl es! laobiot a) ee F Gem lal e l aah L r vam 
5% 34-24 a 564 2564 1345 | Me 13% 4 1540 | 0.418 8Y4 3a %o way) 364 
4 76-20 4% Ya G CBS MRI rn | on 8564 | 0.490 3% a He 1349 a 
% 44-20 % %%o 34 3364 | 12364 | 2464 5% 0.560 1Ke 6 38 1349 vat 
1 %6-18 ey) 30 3164 2340 | 15% 27564 4564 | 0.613 2340 %%o Ke %6 4g 
144 4-18 50 Ka 5% 2%2 | 1% 216 2542 | 0.675 % 32 a 58 6 
1% 54-18 540 Yea 4164 146 | 24a 25564 % 0.758 | 1 % %6 16 30 
14 34-16 560 Yea 2340 1% 26 | 33% 1% 0.890 | 1342 \% % 1346 342 
134 ¥e-14 yer) %%e 5564 11345 | 21546 | 4364 1% 1.074 | 13g Ea) 34 1546 \% 


(Continued on next page.) 
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BALL STUDS AND TIE-ROD SOCKETS 


FULL THD. 


aon 


e 
CHAMFER OR RADIUS TO 
VOD SHARP CORNER 


1%? TAPER PER FI 


Fig. 2—Tiz-Rop Socket 


TABLE 2—Dimensions of Tie-Rod Sockets 


477 


USE LIGHT SLOTTED NUT 
Le 7H ROUGH 1B BALL GIZE 
USE REGULAR SLOTTED NUT 
+ 47HROUGH 1 VE BALL $122 


Re eee unra A B C, Max D, £0.010 E PF G H, REF J, £0.002 K, max L, Max 
% 34-24 % 564 264 1349 146 13% 4 1949 0.418 Ke 1% 
4 Ke-20 % Yea VG 2%a 11364 15hé4 3364 0.490 % 1% 
% 4-20 Ma %%e 3¥4 8364 12364 2a 56 0.560 4 15 
1 %_-18 549 340 34 2340 15 27564 4064 0.613 146 1% 
1% 52-18 50 Yea 56 2T69 1% 216 2565 0.675 1346 Ke 
14% 54-18 542 Yea 4V64 146 240 25564 % 0.758 1346 246 
14 34-16 50 Yea 2380 1 246 334 2 0.890 1Ke 258 
13%4 %-14 Wea) 2 5564 11349 21546 4364 1% 1.074 1% 3}4 

falar Bel ela M N O, sax P o R S, £0,002 | V® rer Ww gay esa ck 

0.5205 
54 % 254 lio %—-18 PD 0.5250 WW. UA 0.402 0.465 % 3ox1 
0.5205 
x 1 15%, | 1%5 M%o-18 PD 254, | 9% | 0.473 | 0.543 | 1 ees. 
0.6455 
% 1%, 31g 26 11/.-18 PD 0.6500 % 54 0.543 0.621 By4 340 x 1 
0.6455 
1 1%, | 3% 24, | 14618 PD 1 ees 4 0.590 | 0.699 | 1% Vey 
0.8329 
1 16 34 210 7-18 PD 0.8375 le 1 0.652 0.777 146 4x 1% 
0.9529 
1% 14 4V 81h, 1-16 PD | Ue 1% 0.731 | 0.871 | 1% tae ee 
1.0631 
14 idtge |i ate 1544 14-12 PD Fo | We | 1%. | 0.863 | 1.027 | 1H%6 | 36 x 156 
; 1.1879 : 
18; 2 534 11%, 14-12 PDF | 1% | 156 1.043 | 1.246 | 2 Kx 1% 


® Before tightening nut. 
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Split and Tubular Rivets SAE Recommended Practice 


Report of Parts and Fittings Division approved February 1928 and last revised June 1929. 


40. 4 
37+0.020" & E\-~0.008" 
Kae SS 4 
st ’ 
2s 
rene 4 i 
°F 0.010" bream 


Fia. 1—River Cap ror Use wirh Spiit Rivets AND WROUGHT- 
Iron Tusuiar RIveEtTs 


Fig. 5—Curprep CouNnTERSUNK-HrApD TuBULAR RIVET 


aed 


TABLE 3—Cupped Countersunk-Head Tubular Rivets 


~~ ' NOM- 
G pasa A BG) E |F |G ig 
z “| zs ETER 
2 Yo —_ 
64 %a4 |0.145 + 0.0038/546|%K4| L-36 |0.098]364| 14 |%e to 26 by Ke 
0.010" 346 (0.186 + 0.005/8 AG 1% 4 92 to 5g by 2 
Fig. 2—Rivet Caps ror USE WITH STEEL AND Brass TUBULAR 
RIvETs 
0 
tied meena vet 
kD- A 
ee 40,002" 


tha 
fal ' ID 
fh Ce +0.005" 
Fic. 3—Fuiat-Heap TusuLar River 
TABLE ao Flat- Head Tubular Rivets 
Top vomelht ce 00d L +0005" 
E L shobiy Chaptored +0,0/0" 


Me | L-Ke 


ij 
DIAMETER 4 | F | % | 4 as edincheg 
eee | 
74 0.123 + 0.003; 44 0.020) L-%4¢ 0.086 34 to 3 by % 
7 74 AB | $2 $2 er ; A 
%_, (0.145 + 0.003 Biel 864 | ie Shy 0. “098. VE Rg re Fig. 6—Fuiatr CounTEersuNK-HEAp TuBULAR River 
| 


H%_ |0.186 + 0.005) 146 0. 133 } \Y% to 3 by Ke 
| 


+0.002" 
tea" E\-0.003" TABLE 4—Flat Countersunk-Head Tubular Rivets* 
[-o k A NOM- | 
= ey A BRC: D E E 
quizes 
kL — <B . Ye 0.123 + 0.00314 |. L-545 0.086/14 to 144 by 
40.005 +0.0/0 70.005" %a 10.145 + 0.003/546/364 L-\ 0.09814 to % by Ke 
Fic. 4—Ovat-Heap Tusunar Rivet 64 0.145 + 0.008)746\764 L-346 epee Se to 4 by $2 
%4 |0.145 + 0.0035463¢4| drilled to {0.098544 to 14 by 4 
TABLE 2—Oval-Head Tubular Rivets > a 3 ~ 
PRL Fn here od | 3{g 10.186 + 0.005,3¢ |36,,  L-&% 0.133/14 to 34 by Mo 
DIAMETER A | 8 | ON yk? a aE 3{_ (0.186 + 0.005 3¢ |344)  L-3{6  —0.133/14 to 34 by le 
| eal ee 3% — 0.186 + 0.005/3¢ |3¢4| drilled to. |0.183)545 to 14 by Ma 
K 0.123 + 0.003) 149) leo L-Ye 0.086 782 to by L 2 head 


%q4 |0.145 + 0.003) 6 
%q 10.145 + 0.003! 5/6 
%4 0.145 + 0.003) 546 344 | L-4  |0.098/546 to 
3{6 (0.186 + 0.005) 3¢ / 
3{6  |0.186 + 0.005) 3¢ 


el * The above specifications are for steel and brass rivets for a roll clinch; where 
Y 732 star clinch or wrought-iron rivet is used, the drill size should be 0.006 in. larger. 


ALL aX of of of 
a 
ta 
oN 
i) 


(Continued on next page.) 
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Top of head may a 
be slightly chamfered 
as indicated 


Ral 4 E+0.005" Phe 
40.005" Cc . L a 


70.005" +0,010" 


Fig. 7—Fiat CountTERSUNK-HeEap Spuir River Fre. 8—Ovaut-Heap Spruit River 


TABLE 5—Flat Countersunk-Head Split Rivets® 


TABLE 6—Oval-Head Split Rivets 


ASSES A B C v5 D E F 
es ee A B C L D E F 
0.122 = 
+0.005 | %2 | Ke | % 55 | 0.040 | 0.047 0.086 
a +0.005 | %q4 | 0.025! 36 | 5%» | 0.030 | 0.037 
| +0.005 | %2 | Ko | %— | Ye | 0.040 | 0.052 0.086 
| = 0.122 > +0.005 | %q | 0.025 14 | 0.030 | 0.039 
| +0.005 | % | Ko | % %» | 0.040 | 0.057 0.086 
aes +0.005 | %4 | 0.025) 54, | %» | 0.030 | 0.039 
. +0.005 | %%2 | %e |Ke-}4| 346 | 0.040 | 0.057 0.086 
os +0.005 | %4 | 0.025) 34-14] 5%, | 0.030 | 0.039 
le, 0.190 
} +0.010 | % | 34 | 46 | Ye | 0.065 | 0.120 0.122 
| —0.005 +0.005 | Yo] Ke | Ke | 54 | 0.040 | 0.047 
| 0.190 0.122 
+0.010 | %e | 34 | % %> | 0.065 | 0.125 ' #00058} to 1 dgg Wig Yo | 0.040 | 0.052 
| —0.005 4% 
j Ke 0.122 
} 0.190 40.005 | Yo] We | Ke | %e | 0.040 | 0.067 
{ +0.010 | %e | %4 | We | X%6 | 0.065 | 0.127 
| _0.005 0.122 
: +0.005 | Zo | Ko | 36-34) 54 | 0.040 | 0.057 
| 0.190 = ee Sa 
+0.010 | %e | %4 | 34 | 0.065 | 0.130 0.146 
| —0.005 +0.005 | 56 | %4-| %6 | 542 | 0.050 | 0.060 
Fi 0.146 0.146 Be . 
| 40.005 | 5% | %4 | 1% | 5 | 0.050 | 0.080 +0.008 | %6 | %4 | \% Vo | 0.050 | 0.073 
| 0.146 0.146 
{ 64 
Nae At ook 54g | 34 | 36 | 1242 | 0.050 | 0.081 
| +0.005 | 346 | %4 | 36 | %e | 0.050 | 0.078 aaa “ee 
0.146 0.146 
| % 5 3 us 1 
[ 40.005 | %» | 84 | Ky» | 13% | 0.050 | 0.081 +0.005 | 546 | 3%4 | %e | 1342 | 0.050 | 0.083 
0.146 | > -- 0.146 
i 5 3 4-34) 13 
+0.005 Ke a \% 1145 | 0.050 | 0.083 As +0.005 He | %%a 16-34| 1345 | 0.052 | 0.077 
0.146 0.190 
+0.005 | %6 | 34 |%6-34| 1342 | 0.052 | 0.077 +0.010 | 1%42/% | % Ye | 0.065 | 0.120 
9 a 
%ea 0.146 0.005 
+0.005 | 36 | 34 | 4 | 3% | 0.050 | 0.060 0.190 
+0.010 | 134. |%6 | %6 | %o | 0.065 | 0.125 
0.146 Cee 
+0.005 | 3 | 34 | 5/6 | 2s | 0.050 | 0.073 ; 
tad 0.190 
: 3 : 114, | 3 3 5 .065 | 0.127 
+0.005 | 3§ | %4 | 3 | %2 | 0.050 | 0.078 “ eh. CRO oa 
0.146 hear 
3 3 = é 
eee. || 764, | 746) *7624-0.050 | 0.081 +0.010 | 130146 | %e | 36 | 0.065 | 0.130 
0.146 —0.005 
+0.005 | 3 | 34 | 14 | 1% | 0.050 | 0.083 6.190 
0.146 +0.010 | 1%4.|K%e | % Ye | 0.068 | 0.133 
+0.005 | 3g | 364 |%6-34| 1342 | 0.052 | 0.077 —0.005 


® Lengths increase in 6-in. steps. 


* Lengths increase in 46-in. steps. 
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Rod Ends and Pins SAE Standard 


Report of Miscellaneous Division approved January 1915 and last revised by Parts and Fittings Division January 1945. 


{ Ba 
Dain Ay A | fi Y 
HARPER LH) Beal X + | 


mia yoke i 


abet 
uly 
PUN Uy 


Fie, 2—Eyn Fig. 3—PINn 


TABLE 1—Adjustable and Plain Yoke and Eye, Figs. 1 and 2 


H L 
SERIES 4 |/ince, B | | E i zs « Fork +0.010 | 40.010 y. a 
Eye 0.000 Nom | "ai; misus™ 
No. 10 32 1%6 1% 1% 1 AG 346 Ke Ke %% 6 0.001 
4 28 134 1% 14% 58 %o 56 %6 4g M4 0.001 
Light He 24 24 2 134 Ke 34 12 34 % 1% He 0.001 
38 24 24 2468 14% 19 2140 iG % 54 1i46 % 0.001 
Ke 20 2% 24 14 1% 1 4 1 2360 1X46 Ys 0.001 
es 20 3 2 134 1% 1 %e 1% 1H6 146 4% 0.002 
4% 20 AS46 2h 134 346 1 %6 1 1X46 16 ie 0.002 
54 18 Aly 248 2 3146 | Ke 146 13 1%6 1346 % 0.002 
Heavy 4 16 6%e 3% 238 4% 6 Me 1346 1% 1% 1% 34 0.002 
1g 14 74 4 234 514 Z 1546 1% Ke kK, 1% 0.002 
1 14 8 416 33 6 24 Ye 2% 154 115, il 0.002 
TABLE 2—Rod-End Pin and Cotter Pin, Fig. 3 
PIN DIAMETER A 
B (G: D, mus E F G H DRILL NO, 
Nom Max Min s f 
He 0.186 0.181 ie M6 3Yb4 1% 22 Ya 64 0.0781 (564) 
MY 0.248 | 0.243 34 340 4364 5a Ya Ve Mo “_ 
Ke 0.311 0.306 iG 30 1346 360 Ke ea Me 
3 0.373 0.368 % \% 146 1349 1% %a Yo 0.1094 (%4) 
Ko 0.436 0.431 Ke 542 146 11564 12564 32 %a 
% 0.496 | 0.491 8 540 11364 12%64 1334 Yea 364 0.1406 (9 
5% | 0.621 | 0.616 | 13% 1344 15g. | . 19860 15% 4 ve ve 1806 Coa) 
34 0.746 0.741 15/4 yy 13% 2364 21% 4 5%e 5a 
% 0.871 0.866 16 Heo 2a | 2140 2?Meo Ke 342 0.1719 44) 
1 0.996 0.991 16 llgo 214 25% 23160 Ke Yea 


Involute Splines 


[The original involute standard (1946 SAE Handbook) was de- 
veloped jointly by the members of the SAH Parts and Fittings 
Division and Technical Committee 13 of ASA Sectional Commit- 
tee B&bB—Small Tools and Machine Tool Elements, sponsored by 
SAH, ASME, NMTBA, and AGMA. Subsequently, the sponsor 
‘|| group was enlarged to include membership from the airframes in- 
| dustry (NASC) and revisions were recommended to provide for 
| tnterchangeability with the SAE Aeronautical Spline Standard, 
‘| AS 84. 
| With the American Standard for Gear Tolerances and Inspec- 
tion, ASA B6.6-1946 as the basis, effective fits were arrwed at as 


| being 60% of the total of all errors that were considered as a working 
maximum and Table 2 (Section 20) was revised to include both 
| dimensions and effective fits determined on a spline having 25 
teeth. The illustrations were revised to include the fillet-root type, 
| the nomenclature was extended, and the dimensions for both flat- 
and fillet-root types were included in the tables. Minor-diameter fits 
| are given in separate tables for diametral pitches from 5/10 through 
| 16/32. All data in the standard were checked and rearranged for 
| most convenient reference and use. Information and instructions 
for using the Standard, supplemented by data on the formulas from 
| which the Standard was developed, on pin measurements, shapers, 
| cutters, hobs and broaches, and engineering suggestions on using 
the Standard are also given.| 


Key to Abbreviations 


App—A pproximate Ht—Height 

Cl—Class Maj—Major 
Cire—Circular Min—Minor, Minimum 
Col—Column Max—Maximum 
Diam—Diameter Rad—Radius 
Inv—Involute Ref—Reference 


1. Definition and Scepe—Involute splines are multiple keys 
-in the general form of internal and-external involute gear teeth, 
as used to prevent relative rotation of cylindrically fitted machine 
parts. Involute splines can be machined by the same methods 
and equipment as those customarily used in the production of 
gears. Diametral pitch, as in gears, means the number of teeth 
per inch of pitch diameter. The spline teeth are one-half the 
depth of standard gear teeth, and in the fractional designation 
used, the numerator controls the pitch diameter, and the denom- 
inator (always twice the numerator) controls the tooth depth. 
For simplification in calculation, the numerator (such as 8 in 
8/16) is always used as P in this standard. 

The range covered is from 1/2 (one/two) diametral pitch to 
48/96 diametral pitch and from 6 teeth to 50 teeth for both 
flat-root and fillet-root types. 

2. Nomenclature—The nomenclature (Fig. 1) agrees as nearly 
as possible with the standard gear nomenclature adopted by the 
American Standards Association, except that the words root di- 
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SAE Standard 


Report of Parts and Fittings Division approved January 1945 and last revised by Parts and Fittings Technical Committee January 1950. This 
SAE Standard conforms with the American Standard for Involute Splines, Side Bearing, ASA B5.15-1950. 


ameter, outside diameter, and inside diameter have been changed 
to major diameter and minor diameter to avoid confusion. Where 
new letters have been used for symbols, there was no parallel in 
AGMA 111.01 (March 1944) or ASA B6.5-1943. 

3. Pressure Angle—The pressure angle is 30 deg. 

4, Basic Tooth Form—These splines are based on diametral 
pitch and involute form of the proportions given in Section 6. 
(Fig. 2 shows the actual size of external splines.) 

5. Basic Tooth Proportions—Basic dimensions for both in- 
ternal and external splines are pitch diameter, circular pitch, 
circular tooth thickness, circular space width, addendum, de- 
dendum, major diameter, and minor diameter. Because of the 
almost universal practice of broaching the internal spline, the in- 
ternal spline has been held to basic dimensions and the external- 
spline dimensions varied to control the fit. This corresponds to 
the general practice of fitting to a drilled or reamed hole because 
of the fixed condition of the finishing tools and gages. 

6. Basic Formulas—Basic formulas for dimensions for both 
flat- and fillet-root type splines are given in Tables la and 1b. 


TABLE la—Basic Formulas,* Flat and Fillet Root 


PIvCh dia mMetere hy, sede saiss ois ae J0) = = 
Circular: pitcheemteemciieceese cont oe as p= — 
Circular tooth thickness............... t= iis 
ING ED GUN atten terete erie aca ie ones a= peg 
12 
WMecden dima sie aes gs Ast ated cole tepid ola b= oe + 0.002 
Major diameter, external.............. Do= a 
TIF diameter, internal................ TIF = = 
Minor diameter, minor-diameter fits ea) 
1 Die 
See Ne ORCROne) ahO IP RE RC grec come acuerdo nC CR TCT R P 
: N-1 
TIF diameter, external................ TIF = 53 


* See Table 26 for other formulas. ' 
Diametral pitch P is that which determines the diameter, as 8 in 8/16. See Fig. 1. 
° For major-diameter fits, the dedendum of the internal spline is the same as the 
addendum; and for minor-diameter fits, the dedendum of the external spline is the 
same as the addendum, 


(Continued on next page.) 
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TABLE 1b—Basic Formulas,* Fillet Root Only 


Diametral Pitch> 1/2 thru 12/24 16/32 thru 48/96 
; 
Major diameter, internal..| D. = usta Do = ibs oft 
Pr 12 
Minor diameter, external..| Dp = Laid.) Dp= Din e 
lz PP, 
Dedendum, internal...... o G.008 b, = 0.900 
iz V2 
Dedendum, external...... b= sat bh, = = 


® See Table 26 for other formulas. 
> Diametral pitch P is that which determines the diameter, as 8 in 8/16. See Fig. 1. 


7. Tables—Tables 5a and 5b are for one/two diametral pitch 
and are masters for all other tables. Dimensions for any diametral 


pitch may be obtained by dividing the appropriate table di- 
mensions by the desired diametral pitch. (See footnote b, 
Table 1.) 

Dimensions for circular tooth thickness, addendum, and de- 
dendum in headings for Tables 5 to 25 are basic. Other table 
dimensions are inversely proportional to those on Tables 5a and 
5b for Col 2, 3, 4, 7, 8, 9B, 10, 19, 20, 22, 23, 24, 35, and 39. 
Tolerances are determined by manufacturing experience and not 
by proportions. Table 26 shows formulas for all dimensions and 
also the tolerances used. ; 

Table dimensions have been rounded off by using the last 
figure retained unchanged if that which follows is less than 5, 
and increasing the last figure retained to the next larger when 
the following figure is 5 or more. All dimensions are in inches. 

8. True Involute Form Modifications—For major-diameter 
fits, the TIF of the internal spine must be reduced from the 
basic (Section 6) by twice the height of the major-diameter 
fillet, Col 8. Likewise, for -minor-diameter fits, the TIF of the 


INTERNAL SPLINE 


MAJOR DIAMETER 


FILLET RADIUS p 


MAJOR DIAMETER 
FILLET HEIGHT 


MINOR DIAMETER 
CHAMFER HEIGHT 


MINOR DIAMETER \ 


CHAMFER ANGLE Mivee 


DIAMETER 


TIF 
DIAMETER 


P = diametral pitch 

p = circular pitch 

a = addendum 

b = dedendum, flat root 

b; = dedendum, fillet root 

c = clearance 

t = circular tooth thickness 

ts = circular space width 

@ = pressure angle 

¢- = pressure angle at pin center, external 
¢; = pressure angle at pin center, internal 


| SIDE OF 


TOOTH 


G, 


CH 
JAMETER MINOR 


| 


BASE CIRCL 


pe ee 


EXTERNAL SPLINE 


MAJOR DIAMETER 
CHAMFER DIMEN. 


MAJOR DIAMETER 


\]~ 
\ “MINOR DIAMETER 


DIAMETER 
INOR DIAMETER 


DIAMETER FILLET HEIGHT 


TIF 
DIAMETER 


y 


M,. = measurement over pins, external 

M; = measurement between pins, internal 

N = number of teeth 

D = pitch diameter 

D, = base-circle diameter 

D, = major diameter 

Dp = minor diameter 

TIF = diameter at junction of involute form with fillet 
d, = measuring-pin diameter, external 

d; = measuring-pin diameter, internal 


Fig. 1—TootnH NoMENCLATURE 


. 
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external spline must be increased by twice the height of the 
minor-diameter fillet, Col 23. 

9. External-Spline Fillets and Chamfers—The fillet at the 
minor diameter is formed by the generating action of the hob 
or shaper cutter. Since the shaping operation involves two cir- 
cular parts, the tool and the work, the approximate radius formed 
is greater than in hobbing, and the height needed for shaping is 
shown in Col 23. Col 22 is derived from the same data. The 
major-diameter chamfer is obtained by the generating action of 
the cutter or hob, or it can be made by special machining or 
hand operation. The dimension given in Col 19 (length of the 
approximate flat of the chamfer) and height in Col 20 are af- 
fected by the tool with depth of cut as controlled by Col 28, 29, 
and 30. Fillet radius, Col 22, is based on a 20-tooth cutter design. 

10. Internal-Spline Fillets and Chamfers—The fillet at the 
major diameter may be constant for broached parts; but if cut 
with a shaper cutter, the generating action forms a fillet, the 
radial height of which is shown in Col 8. The minor-diameter 
chamfer may be cut as a flat by a broach but will be slightly 
curved if produced by a shaper cutter. Col 35 provides sufficient 
height for shaper operation, which is greater than needed for any 
other method. Angle, Col 34, shows in degrees the angle between 
the tooth center and the flat of the chamfer produced by the 
special chamfer cutter shown with Table 30. Fillet radius, Col 7, 
is based on a 4-tooth cutter design. 

11. Measurement of Tooth Thickness—Tooth thickness is 
determined by measuring over pins for the external spline and 


between pins for the internal spline. The diameter of the meas- 
uring pin is optional within a narrow range. It is not necessary 
that a pin contact exactly at the pitch circle. For the sake of 
uniformity and to follow a satisfactory practice, this Standard 
incorporates a recommended diameter indicated at the top of 
each table. Measurements with pins will not check spacing errors 
which must be determined by other means. (See Section 29.) 
Pins for measuring flat-root internal splines may be flattened as 
shown in Fig. 3B; but for external splines, those specified will 
clear the minor diameter. For further information on pin meas- 
urements, see Section 25. 

With Figs. 3A and 3B are formulas (1), (2), and (8) which are 
used to calculate dimensions over pins, and formulas (4), (5), 
and (6) which are used to calculate measurements between pins. 

12. Tooth Dimensions—Because of allowable errors (see Sec- 
tion 29) which must be provided for in determining fits, space 
width must be increased and tooth thickness decreased in rela- 
tion to the diameter of the part and, therefore, in relation to the 
number of teeth. The minimum space width and the maximum 
tooth thickness are constant for each type of fit, but the maxi- 
mum space width must be selected from Col 15, and the mini- 
mum tooth thickness from Col 31, 32, or 33 for the number of 
teeth used. Table 26 shows the formulas used to determine these 
dimensions. 

13. Drawings—It is important that uniform methods be used 
to show complete information on detail drawings. Figs. 4A, 4B, 
5A, and 5B show the sections recommended, the placing of di- 
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(N* EVEN) 


¢ = pressure angle at pitch diameter, 30 deg 
ge = pressure angle at pin center 


d, t © 
pice gk ese et 
Inv ¢, nv 30 ; rie 


From Inv ¢, find ¢, in degrees 
When NV is even, 


M. = Do* sec ¢. + a, 
D+* 


or M.= + d. (2) 
COS de 


When NV is odd, 


90° 
M, = Dy* sec $< cos W + d., 


ee 
<9 D,* cos \ N 


COS de 


or mM. a de (3) 


Example: 


Standard dimensions for N = 20, P = 10/20, Class B fit, 
d. = 0.1920 
Basic t (tooth thickness) = 0.1571 
Allowable errors X 60% + machining tolerance (Table 26) 
= 0.0001 (0.054N + 19) = 0.0020 


Minimum tooth thickness for measurement t = 0.1551 
1551 
Inv ¢. = 0.053751 + 0.110851 + Sons — 0.157080 = 0.085072 


be = 34.491456 deg 
M, = 1.732051 sec 34.491456° + 0.1920 = 2.2935 


* For all calculations, the base-circle diameter and the pitch diameter should be accurate to the sixth decimal place. To obtain this accuracy, divide the dimension for Dp 
in Table 4 by the diametral pitch P (see Section 6). To obtain D to the sixth decimal place, divide the pitch diameter from Table 5 by the diametral pitch P. 
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mensions, and involute-spline data required. Much trouble may 
be avoided by following these specimen drawings exactly. Boxed 
notes are for instruction and not to be placed on drawing. 

14. Key to Tables with Column Numbers—Because of the dif- 
ferent types of splines included in this Standard, it is desirable 
to use a key so that the proper dimensions will be selected. This 
key is incorporated in Table 3. 

15. Cutting Tools—In Appendix 1, Tables 30a and 30b show, 
for internal splines, the minimum difference of teeth between in- 
ternal spline and cutter and a suggested cutter design for gen- 
eral use. Table 30c shows a design for general use with external 
splines, and Table 30d shows preferred cutters which may be 
used for either. For the fillet-root type, the addendum of the 
shaper cutter, hob, or broach may be checked by layout or other 
means to assure the required involute clearance. The addendum 
is also influenced by the lack of tangency between the tooth pro- 
file and the tip radius of the tool. The part drawing should show 


a tolerance for the dedendum (applied to major or minor diam- 
eter) because of the tool tolerances and allowances for wear as 
well as the depth of cut to obtain the desired fit. (See also Sec- 
tion 19.) Fig. 8 shows the dimensions of a 1/2-diametral-pitch 
hob tooth for flat- and fillet-root types. Table 31 lists the recom- 
mended overall dimensions for finishing hobs. Fig. 9 shows a 
1/2-diametral-pitch broach tooth. 

16. Ball-Bearing Installations—Because of the wide use of ball 
bearings on splined shafts, it will often be convenient to know 
the nearest size of spline for any given ball-bearing bore. Table 
33 provides for such a selection. 

17. Types of Fits—There are three methods of fitting splined 
members together: 

Major Diameter—On the major diameter, the fit is con- 
trolled by varying the major diameter of the external 
spline. 

Sides of Teeth—On the sides of the teeth, the fit is con- 
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(*N* EVEN) 


¢ = pressure angle at pitch diameter, 30 deg 
¢: = pressure angle at pin center 


ts ds 
Inv ¢; = I e--— — — 
v¢ nv 30° + Dad; (4) 
From Inv 4¢; find ¢; in degrees 
When N is even, 


M; = Dy* sec ds — di, 
D;* 


or M;= — d; (5) 
€08 os 


When N is odd, 
90° 
M; = D,* sec ¢; cos (<) — di, 


(vr) 
f D,* cos \ N 


COS o% 


or M; = d; (6) 


Ezample: 


Standard dimensions for N = 20, P = 10/20, internal spline 
d; = 0.1440 
Basic t, (space width) = (asyAl 
Allowable errors X 60% + machining tolerance (Table 26) 
= 0.001 (0.072N + 24) = 0.0025 


Maximum space width for measurement t, = 0.1596 
Inv ¢; = 0.053751 + 0.079800 — 0.083138 = 0.050413 
6; = 29.412396 deg 
M; = 1.732051 sec 29.412396° — 0.1440 = 1.8443 


* For all calculations, the base-circle diameter and the pitch diameter should be accurate to the sixth decimal place. To obtain this accuracy, divide the dimension for Ds 
in Table 4 by the diametral pitch P (see Section 6). To obtain D to the sixth decimal place, divide the pitch diameter from Table 5 by the diametral pitch P. 
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trolled by varying the tooth thickness. It is customary to 
use this type fit for the fillet-root type spline. 

Minor Diameter—On the minor diameter, the fit is con- 
trolled by varying the minor diameter of the internal 
spline. 

The three types of fits listed above are each divided into 

three classes: 

Sliding Fits—These must have clearance at all points. 

Close Fits—These must be close on either the major diam- 
eter, sides of teeth, or minor diameter. 

Press Fits—These must have an interference on either the 
major diameter, sides of teeth, or minor diameter. 

For all types and classes of fits, the internal pin measure- 
ments are the same and are to be found in Col 14 of Tables 5 to 
19. Table 3 shows the correct combinations of dimensions for 
any desired fit. 

18. Special Fits—The fits provided for in Tables 5 to 19 cover 
usual practice and will be acceptable in a majority of installa- 


tions. If it is necessary to use a special fit of the side-bearing 
type, the basic data in Table 4 together with the formulas in 
Fig. 3A may be used for its calculation. For further suggestions 
relative to special fits, see Sections 21 and 24 and Table 27. 

19. Tolerances—In the cutting of a splined part, a machine- 
tool adjustment may vary the depth of cut. The tolerances sug- 
gested are listed in Table 26. (See also Section 15.) 

When allowable (unavoidable) errors (Section 29) are added 
to machining tolerances it is possible, when using Col 9B, that 
a side-bearing fit might become a major-diameter fit, and vice- 
versa, under extreme conditions. Slight modification of the major 
diameter will correct such a condition. 

20. Effective Fits—The effective clearance (positive or nega- 
tive) between two splined parts is equal to the effective space 
width of the internal minus the effective tooth thickness of the 
external spline. (See Sections 21 and 25.) Dimensional and effec- 
tive clearances are given in Table 2. 

21. Use of the Tables—Hzample: Class A fit, 10/20 diametral 
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Fic. 4A—Fiuitet-Roor Dimensiontne Drawine, EXTERNAL 
SPLINE (SEE TABLE 3) 

Fie. 5A—Fintiet-Roor Diuensioninc Drawine, 
Spine (SEE TABLE 3) 


INTERNAL 
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Fig. 4B—Fxiat-Roor Dimenstoninc Drawinc, ExreRNau 
Spuine (SEE TABLE 3) 
Fig. 5B—Fxuat-Roor Dimenstontine Drawine, INTERNAL 


SpLinE (SEE TABLE 3) 


Notes for Figs. 4A, 4B, 5A, and 5B: (Boxed notes are for instruction only) 
Note 1—See Section 25. For machining tolerances, see Table 26. 
Note 2—The data below should be given for both internal and external splines. For allowable errors, see Table 27. 


Number of teeth 
iDiametral pitehstiny., eine. Pew bone. ae ale eta 
Pressure angle Re KC 


Base-circle diameter X.XXXX 


Maximum out of roundness 


of 2oemugithwus eee -XXXX 
Maximum cumulative pitch error (any two teeth).... .xxxx 
Maximum involute profile error...................+-- Pe, 2, 4 
Maximum’ lead error). t/ites 20): 255 ee ee -XXXX 


Note 3—Desired fit should be given on the drawing of the external-splined part. 


Mek ses a atae 
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TABLE 2—Dimensional and Effective Clearances* 


CLASS A CLASS B CLASS C 
DIAMETRAL PITCH Beeson ; Effective, Dimensional Effective , Dimensional Effective 
clearance? © clearance“ clearance? »¢ clearance clearance?» °& clearance 
Min Max Min Max Min : Niaz Min Max Min Max Min | Max 
1/2 +0.0076|-+-0 .0116]+-0.0005|-++0 .0045/-++-0 .0056|-+-0 .0091|—0.0015)+0.0020/-++-0 .0026/+-0 .0061| —0 0045) —0.0010 
2.5/5 +0.0057|+0.0097|-+-0 .0005| +0 .0045|-+0 .0037|-++0 .0072|—0 .0015|+-0 .0020|-+-0 .0010) +0 .0045| —0 .0042| —0.0007 
3/6 +0.0052/+0 .0092|-+-0.0005] +0 .0045|-+-0..0032|-++0 .0067)} —0 .0015|+-0 .0020)-++0 .0005} +0 .0040| —0 .0042| —0 .0007 


4/8 and 5/10 
6/12 and 8/16 
10/20 thru 20/40 
24/48 thru 48/96 


+0 .0044|+-0 .0084|-+-0 .0005]+-0 .0045 
+0.0039|-+0 .0069) 4-0 .0005}-+0 .0035 
+0 .0037|-++0 .0062/-+-0 .0005}-+0 .0030 
+0.0037|-+0 .0057| +-0 .0005|-+-0 .0025 


+0 .0024|-+0 .0059) —0 .0015|++0 .0020)-+-0 .0003}+-0 .0038]—0 .0036} —0 .0001 
+0 .0021|-+-0.0051|—0.0013]-+0.0017|-++0 .0004| +-0 .0034| —0 .0030] —0.0000 
+0 .0021|+0.0046|—0.0011/+-0.0014}+-0 .0002|-+-0 .0027| — 0.0030] —0.0005 
+0 .0023|-++0 .0043} —0.0009|-+-0 .0011|}-++0 .0002] +0 .0022) —0 .0030| —0.0010 


® Based on using machining tolerances plus 60% of all allowable errors cumulatively, not including lead. 


» For 25 teeth. 


© The maximum dimensional clearance is obtained by subtracting dimension in Col 31, 32, or 33 from that in Col 15. The minimum dimensional clearance is obtained by sub- 
tracting the sum of the machining tolerances for Col 15 and that for either Col 31, 32, or 33, as listed in Table 26, from the maximum dimensional clearance. 
The minimum effective clearance is obtained by subtracting the dimension (maximum effective) in the heading over Col 31, 32, or 33 from the dimension (minimum effective) 


in the heading over Col 15. Th 
Col 31, 32, or 33 as listed in Table 26. 


pitch, 25 teeth, flat root. Use Table 3 as a key, and all other 
dimensions will be found on Tables 12a, 12b, and 27. For ex- 
ternal spline, flat root, make drawing in accordance with Fig. 4B. 
For internal spline, flat root, make drawing in accordance with 
Fig. 5B. 

22. Helical Splines—Helical splines, like helical gears, must 
be specially designed, and these data are not included in this 
Standard. 

23. Odd Pitches—For special applications or to maintain in- 
terchangeability with old parts, it is sometimes necessary to use 
pitch combinations such as 20/30 or 7/16. In such cases, the 
pitch diameter is always determined by the numerator of the 
fractional designation, and the addendum and dedendum by the 


e maximum effective clearance is obtained by adding to the minimum effective clearance the machining tolerances for Col 15 and that for either 


denominator. For example, a 25 tooth 20/30 spline would have 
a pitch diameter of 25 + 20 = 1.2500 and an addendum of 
1 + 30 = 0.0333, and the space width may be taken from 
Table 15 (20/40). If a 7/16 is selected, the pitch diameter should 
be calculated from the “7”, and the addendum may be taken 
from the 8/16 data in Table 11. Other combinations may also 
be used, such as 5/20, by selecting pitch-diameter figures from 
the 5/10 table and the addendum and dedendum figures from 
the 10/20 table. 

24. Special Fits—If table dimensions do not give the desired 
fit, slight variations may be made as follows: Multiply the dif- 
ference between the basic tooth thickness (Col 15 heading) and 
the desired tooth thickness by the factor H from Table 4 and 


How To Uss TasLEs—SEE Aso SEcTION 21 


EXTERNAL SPLINE NO LEAD ERROR 


Pitch diameter Col 2 2.5000 
Base-circle diameter Col 3 2.1651 
Major diameter Col 24 2.6000 
Minor diameter ~Col 21 2.3760 
- True involute form diameter Col 27 2.4000 
Minor-diameter fillet Col 22 0.010 
Minor-diameter fillet height Col 23 0.008 
Measurement over pins Col 28 2.7870 
_ Tooth thickness Col 31 0.1535-0.. 1566 
INTERNAL SPLINE NO LEAD ERROR 
Pitch diameter Col 2 2.5000 
Base-circle diameter Col 3 2.1651 
Major diameter Col 9A 2.6240 
Minor diameter Col 6 2.4000 
True involute form diameter Col 10 2.6000 
Major-diameter fillet Col 7 0.021 
Major-diameter fillet height Col 8 0.010 
Measurement between pins Col 14 2.3396 
Space width, min and max Col 15 0.1571-0.1597 


WITH LEAD ERROR ALLOWANCE 


Col 2 2.5000 Assume length of 3.75” 

Col 3 2.1651 Lead error, Table 27, 0.0004 
Co] 24 2.6000 

Col 21 2.3760 

Col 27 2.4000 

Col 22 0.010 

Col 23 0.008 


2.7870 — 0.0002H = 2.7867 
Ded 0.0002, 0.1533-0.1564 


WITH LEAD ERROR ALLOWANCE 


For E, see Table 4 
Lead error 0.0004 X 0.60 = 0.0002 


Col 2 2.5000 Assume length of 3.75” 
Col 3 2.1651 Lead error, Table 27, 0.0004 
Col 9A 2.6240 

Col 6 2.4000 

Col 10 2.6000 

Col 7 0.021 

Col 8 0.010 


2.3396 + 0.0002F = 2.3400 
Add. 0.0002, 0.1573-0.1599 


For F, see Table 4 
Lead error 0.0004 X 0.60 = 0.0002 
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TABLE 3—Dimensioning Key* 


cathe aatleeea d INTERNAL EXTERNAL 
TYPE OF FIT? CLASS OF FIT Major- Minor- | wajor di 
Pitch | Base | Maj | Min | 7zr | diam Meas | space | Maj | Min | TIF es chamfer 
diam atann diam | diam | diam ne width® | diam | diam | diam 

Rad | Ht Rad | Ht Dim Ht 
Major diam | Sliding I 2 3 4 6 5 7 8 14 15 16 21 QIN? | 23 19 20 
Close II 7 3 4 6 5 7 8 14 15 17 21 27 22) | 23 19 20 
Press III 2 3 4 6 5 tall ected et 15 18 21 Die N22) 23s) set Oe 20 
Sides of Sliding A 2 3 gf 6 10 7 8 14 15 24 21 Zia 22) | 23 192 | 20 
teeth, flat Close B 2 3 gf 6 10 Wal Bah MA 15 24 21 27 +| 22 | 23 | 192 | 20 
root Press C 2 3 gf 6 10 7| 8| #4 15 24 21 27 | 22 | 23) 192} 20 
Sides of Sliding A 2 3 12 11 10 13 | — 14 15 Prt || P45) 27 | 26 | — 192 | 20 
teeth, fillet | Close B 2 3 12 11 10 13 | — 14 15 24 25 27 | 26 | — 192 | 20 
root® Press C Be 33 12 11 10 13 | — 14 15 24 25 27 | 26 | — 192 | 20 


< Numbers given refer to column numbers of Tables 5 through 19. An example showing use of the tables is in Section 21, For drawing examples, see Figs. 4A, 4B, 5A, and 5B: 


Dimensions for minor-diameter fits are given in Tables 20 through 25. _ 
° Use minimum dimension given over column heading and maximum from Col 15. 


Use maximum dimension given over column heading and minimum from Col 31, 32, or 33. : 
© A fillet-root type spline will mesh with the flat-root type except when Col 9B is used for the internal spline. See footnote c, Tables 5a through 19a. 2 F 
Col 9A is to be used where full dedendum is desired, with clearance over external major diameter. Col 9B may be used when full dedendum is not required and broaching 


of the internal spline is desired. 
£ Chamfering, which is specified above, is required for a major-diameter fit. In some 


manufacturing, a chamfer is desirable because it removes burrs which are a hazard in 


assembly processes and also saves injuries to those handling the parts. These chamfers are optional and can cause only slight loss of tooth contact. See Table 30 and Fig. 6. 


subtract the product from the basic over-pin measurement, 
Table 29. All special loose fits should be checked to determine 
that the major diameter of the external spline and the minor 
diameter of the internal spline do not interfere with the T/F 
of the mating part. In order to avoid changing hobs or cutters, — 
the minor diameter of the internal spline may be increased and 


the major diameter of the external spline decreased by the 
amount of the extra clearance. The major diameter of the in- 
ternal spline and minor diameter of the external spline must also 
be adjusted. 


(Text continued after Table 26.) . 


INVOLUTE SPLINES 489 
TABLE 4—Basic Data 
1/2 DIAMETRAL PITCH ALL PITCHES 
Internal and external External Internal Int and ext External 
Pea | see | Ds P Cos Bs 7 z 
2 3 4 5 6 7 8 9 10 11 
5.196152 8.8660 0.261799 0.277128 1.91 0.369504 0.523599 1.305 
6.062178 5.910186 9.6819 0.224399 0.237538 1.83 0.974928 0.316718 0.448799 1.302 
6.928203 10.8944 0.196350 0.207846 1.86 0.277128 0.392699 1.362 
7 «794229 7.675817 11.7535 0.174583 0.184752 1.81 0.984808 0.246336 0.349066 1.364 
8.660254 12.9144 0.157080 0.166277 1.83 0.221703 0.314159 1.406 
9.526279 9.429316 13.8003 0.142800 0.151161 1.80 0.989821 0.201548 0.285599 1.409 
10.392305 14.9295 0.130900 0.138564 1.81 0.184752 0.261799 1.440 
11.258330 | 11.176244 15.8335 0.120830 0.127905 1.79 0.992709 0.170540 0.241661 1.443 
12124356 16.9412 0.112200 0.118769 1.80 0.158359 0.224399 1.467 
12.990381 | 12.919218 17.8584 0.104720 0.110851 1.78 0.994522 0.147802 0.209440 1.471 
13 .856406 18.9507 0.098175 0.103923 1.79 0.138564 0.196350 1.490 
14.722432 | 14.659629 19.8778 0.092400 0.097810 1.78 0.995734 0.130413 0.184800 1.493 
15.588457 20.9584 0.087266 0.092376 1.78 0.123168 0.174533 1.509 
16.454483 | 16.398282 21.8934 0.082673 0.087514 eS) 0.996584 0.116686 0.165347 1.512 
17.320508 22.9649 0.078540 0.083138 1.78 0.110851 0.157080 1.525 
18.186533 | 18.135680 23 .9062 0.074800 0.079179 bared 0.997204 0.105573 0.149600 1.528 
19 .052559 24.9704 0.071400 0.075580 Wetze 0.100774 0.142800 1.539 
19.918548 | 19.872149 25.9168 0.068295 0.072294 Thee 0.997669 0.096392 0.136591 1.541 
2.784610 26.9752 0.065450 0.069282 sea 0.092376 0.130900 1.551 
21.650635 | 21.607912 27.9259 0.062832 0.066511 Teal 0.998027 0.088681 0.125664 1.553 
22 .516660 28.9793 0.060415 0.063953 1.76 0.085270 0.120830 1.562 
23 .382686 | 23.343126 29 .9337 0.058178 0.061584 1.76 0.998308 0.082112 0.116355 1.564 
24 248711 30.9829 0.056100 0.059385 1.76 0.079179 0.112200 1.571 
25.114737 | 25.077904 31.9405 0.054165 0.057337 1.76 0.998533 0.076449 0.108331 Te av3 
25 .980762 32.9862 0.052360 0.055426 1.76 0.073901 0.104720 1.580 
26.846787 | 26.812337 33.9465 0.050671 0.053638 1.76 0.998717 0.071517 0.101342 1.581 
27.712813 34.9890 0.049087 0.051962 1.76 0.069282 0.098175 1.587 
28.578838 | 28.546468 35.9517 0.047600 0.050387 1.76 0.998867 0.067183 0.095200 1.589 
29 .444864 36.9916 0.046200 0.048905 1.76 0.065207 0.092400 1.594 
30.310889 | 30.280368 37.9565 0.044880 0.047508 1.76 0.998993 0.063344 0.089760 1.596 
01 .176914 38.9939 0.043633 0.046188 1.76 0.061584 0.087266 1.600 
32.042940 | 32.014068 39.9607 0.042454 0.044940 1.76 0.999100 0.059920 0.084908 1.602 
32 .908965 40.9960 0.041337 0.048757 1.75 0.058343 0.082673 1.606 
33.774991 | 33.747599 Al 9645 0.040277 0.042635 1.75 0.999189 0.056847 0.080554 1.608 
34.641016 42.9980 0.039270 0.041569 1.75 0.055426 0.078540 1.611 
35.507041 | 35.480986 43 .9680 0.038312 0.040555 ard 0.999266 0.054074 0.076624 1.613 
36 373067 44 9996 0.037400 0.039590 1.75 0.052786 0.074800 1.616 
37.239092 | 37.214248 45.9711 0.036530 0.038669 1.75 0.999333 0.051559 0.073060 1.617 
38.105118 47.0013 0.035700 0.037790 Led 0.050387 0.071400 1.621 
38.971143 | 38.947403 47.9740 0.034907 0.036950 1.75 0.999391 0.049267 0.069813 1.622 
39.837168 49.0028 0.084148 0.036147 1.75 0.048196 0.068295 1.625 
40.703194 | 40.680464 49 .9766 0.033421 0.035378 1.75 0.999442 0.047171 0.066842 1.626 
41 .569219 51.0041 0.032725 0.034641 1.75 0.046188 0.065450 1.629 
42 .435245 | 42.413442 51.9790 0.032057 0.033934 1.75 0.999486 0.045245 0.064114 1.630 
43 .301270 53.0055 0.031416 0.033255 L7G 0.044341 0.062832 1.632 
Constants, r = 3.141593 cos 30° = 0.866025 Inv 30° = 0.053751 

e h f M, 30° 90° 

E= eos 30 bei Rate of change o RoreNodd B= ops ae 0 

sin ge Rate of change of ¢ sin de N 


_ cos 30° _ Rate of change of M; 


Sin ¢; Rate of change of ¢, 


(For N odd, F = 


cos 30° 


810 o 


os 
N 
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TABLE 5a—1/2 Diametral Pitch, Internal 


1/2 Diametral Pitch 
Pressure Angle, 30° 


Addendum (Basic), 0.5000 
Dedendum (See Sec 6) 


Circular Pitch, 3.1416 
Meas-Pin Diam, 1.4400 


INTERNAL AND EXTERNAL 


INTERNAL 


Major-diameter fit | Fillet-root side fit All fits 
Flat-Root Side Fit Space 
Pitch Base- Major Saee Ree f ‘ : Measure- | width 
N aaa circle ica TIF Major-diam fillet Major diam Minor Major Fillet ment 
ie ae basic diam Nee oo F diam diam rad betes Min 
“v Rad Ht deb | Baek 0 te 
1 2 3 4 5 6 7 8 9A 9B 10 11 12 13 14 15 
+0.0007 . 
++,0.0007 ; 0.1050 Ia : 0.0050 0.1050 ts Dimen- 
re ote Bee Min | 12-0000 | APP Max | TO ooo G01 Min tone. | ocones,.| in Max pre: ; 
6 | 6.0000 | 5.1962 | 7.0000 6.897 | 5.2062 | 0.145 0.052 | 7.2040 | 7.0000 | 7.0000 | 5.2062 | 7.8000 | 0.166 | 4.4022 | 1.5755 | 
7 | 7.0000 | 6.0622 | 8.0000 7.881 | 6.0722 | 0.160 0.060 | 8.2040 | 8.0000 | 8.0000 | 6.0722 | 8.8000 | 0.194 | 5.2320 | 1.5756 ¥ 
8 | 8.0000 | 6.9282 | 9.0000 8.870 | 7.0400 | 0.170 0.066 | 9.2040 | 9.0000 | 9.0000 | 7.0400 | 9.8000 | 0.208 | 6.4043 | 1.5756 
9 | 9.0000 | 7.7942 |10.0000 9.860 | 8.0000 | 0.178 0.071 |10.2040 |10.0000 {10.0000 | 8.0000 |10.8000 | 0.220 | 7.2707 | 1.5757 
10 {10.0000 | 8.6603 |11.0000 | 10.852 | 9.0000 | 0.184 0.075 {11.2040 11.0000 |11.0000 | 9.0000-/11.8000 | 0.280 | 8.4055 | 1.5757 
11 |11.0000 | 9.5263 |12.0000 | 11.845 |10.0000 | 0.189 0.079 |12.2040 |12.0000 |12.0000 |10.0000 |12.8000 | 0.238 | 9.2955 | 1.5757 
12 12.0000 |10.3923 |13.0000 | 12.839 |11.0000 | 0.193 0.081 |13.2040 |13.0000 {13.0000 |11.0000 {18.8000 | 0.245 |10.4063 | 1.5758 
13 |13.0000 |11.2583 |14.0000 | 13.834 |12.0000 | 0.196 0.084 {14.2040 /14.0000 /14.0000 |12.0000 |14.8000 | 0.249 /|11.3129 | 1.5758 
14 |14.0000 |12.1244 |15.0000 | 14.830 |13.0000 | 0.199 0.086 |15.2040 |15.0000 |15.0000 |13.0000 {15.8000 | 0.253 12.4070 | 1.5759 
15 |15.0000 |12.9904 |16.0000 | 15.826 {14.0000 | 0.201 0.088 16.2040 |16.0000 |16.0000 |14.0000 |16.8000 | 0.257 {13.3258 | 1.5759 , 
16 {16.0000 |13.8564 |17.0000 | 16.823 |15.0000 | 0.203 0.090 |17.2040 |17.0000 |17.0000 {15.0000 |17.8000 | 0.260 /|14.4073 | 1.5759 : 
17 |17.0000 |14.7224 |18.0000 | 17.820 |16.0000 | 0.205 0.091 |18.2040 |18.0000 |18.0000 |16.0000 [18.8000 | 0.262 |15.3357 | 1.5760 
18 /18.0000 |15.5885 |19.0000 | 18.818 |17.0000 | 0.207 0.093 {19.2040 |19.0000 |19.0000 |17.0000 |19.8000 | 0.265 |16.4078 | 1.5760 . 
19 {19.0000 |16.4545 |20.0000 | 19.815 |18.0000 | 0.208 0.094 |20.2040 |20.0000 /20.0000 {18.0000 |20.8000 | 0.267 |17.3437 | 1.5761 ’ 
20 |20.0000 |17.3205 {21.0000 | 20.813 /19.0000 | 0.209 0.095 {21.2040 |/21.0000 |21.0000 |19.0000 |21.8000 | 0.269 |18.4081 | 1.5761 
7 
21 |21.0000 18.1865 |22.0000 | 21.811 |20.0000 | 0.210 0.096 |22.2040 |22.0000 |22.0000 |20.0000 |22.8000 | 0.270 |19.3499 | 1.5761 
22 |22.0000 19.0526 |23.0000 | 22.810 |21.0000 | 0.212 0.097 |23.2040 |23.0000 |23.0000 |21.0000 |23.8000 | 0.272 |20.4085 | 1.5762 
23 |23.0000 |19.9186 |24.0000 | 23.808 |22.0000 | 0.212 0.097 |24.2040 |24.0000 |24.0000 |22.0000 |24.8000 | 0.273 /21.3552 | 1.5762 j 
24 |24.0000 |20.7846 |25.0000 | 24.807 |23.0000 | 0.213 0.098 |25.2040 |/25.0000 |25.0000 |23.0000 |25.8000 | 0.274 |22.4088 | 1.5763 (g 
25 |25.0000 |21.6506 |26.0000 | 25.805 24.0000 | 0.214 0.099 |26.2040 |26.0000 26.0000 |24.0000 |26.8000 | 0.275 |23.3598 | 1.5763 
26 |26.0000 |22.5167 |27.0000 | 26.804 |25.0000 | 0.215 0.100 |27.2040 |27.0000 |27.0000 |25.0000 |27.8000 | 0.276 |24.4089 | 1.5763 
27 |27.0000 |23.3827 |28.0000 | 27.803 |26.0000 | 0.215 0.100 {28.2040 |28.0000 |28.0000 |26.0000 |28.8000 | 0.277 |25.3637 | 1.5764 
28 |28.0000 |24.2487 |29.0000 | 28.802 |27.0000 | 0.216 0.101 |29.2040 |/29.0000 |29.0000 |27.0000 |29.8000 | 0.278 |26.4092 | 1.5764 
29 |29.0000 |25.1147 |30.0000 | 29.801 |28.0000 | 0.217 0.101 |30.2040 |30.0000 |30.0000 |28.0000 |30.8000 | 0.279 |27.3669 | 1.5764 
30 {30.0000 |25.9808 |31.0000 | 30.801 |29.0000 | 0.217 0.102 |31.2040 |31.0000 |31.0000 |29.0000 [31.8000 | 0.280 |28.4094 | 1.5765 
31 /31.0000 |26.8468 |32.0000 | 31.800 [30.0000 | 0.218 0.102 |32.2040 |32.0000 |32.0000 |30.0000 |382.8000 | 0.281 |29.3699 | 1.5765 
32 |32.0000 |27.7128 |33.0000 | 32.799 |31.0000 | 0.218 0.103 (33.2040 |33.0000 |33.0000- |31.0000 |83.8000 | 0.282 |30.4097 | 1.5766 
33 |33.0000 |28.5788 |34.0000 | 33.798 |32.0000 | 0.219 0.103 |34.2040 |34.0000 |34.0000 |32.0000 /34.8000 | 0.282 (31.3725 | 1.5766 
34 |34.0000 |29.4449 |35.0000 | 34.798 |33.0000 | 0.219 0.103 |35.2040 |35.0000 |35.0000 |!33.0000 |/35.8000 | 0.283 /|32.4097 | 1.5766 
35 |35.0000 |30.3109 |36.0000 | 35.797 |34.0000 | 0.219 0.104 |36.2040 |36.0000 |36.0000 |34.0000 |36.8000 | 0.284 [33.3748 | 1.5767 
36 /36.0000 |31.1769 |37.0000 | 36.796 |35.0000 | 0.220 0.104 |37.2040 |37.0000 |37.0000 |35.0000 |37.8000 | 0.284 /|34.4100 | 1.5767 
37 |37.0000 |32.0429 |38.0000 | 37.796 |36.0000 | 0.220 0.104 |38.2040 |38.0000 {38.0000 |36.0000 |38.8000 | 0.285 |35.3770 | 1.5768 
38 |38.0000 |/32.9090 |39.0000 | 38.795 |37.0000 | 0.220 0.105 |39.2040 |39.0000 |39.0000 |37.0000 |39.8000 | 0.286 /36.4101 | 1.5768 
39 /39.0000 |33.7750 |40.0000 | 39.795 |38.0000 | 0.221 0.105 |40.2040 |40.0000 |40.0000 /38.0000 |40.8000 | 0.286 /37.3787 | 1.5768 
40 |40.0000 |34.6410 |41.0000 | 40.794 |39.0000 | 0.221 0.105 |41.2040 |41.0000 |41.0000 |89.0000 |41.8000 | 0.286 |38.4104 | 1.5769 
41 |41.0000 |35.5070 |42.0000 | 41.794 |40.0000 | 0.221 0.106 |42.2040 |42.0000 |42.0000 |40.0000 |42.8000 | 0.287 |39.3805 | 1.5769 
42 |42.0000 |36.3731 |43.0000 | 42.794 |41.0000 | 0.222 0.106 |43.2040 |43.0000 |43.0000 |41.0000 |43.8000 | 0.287 |40.4106 | 1.5770 
43 |43.0000 |37.2391 |44.0000 | 43.793 |42.0000 | 0.222 0.106 |44.2040 |44.0000 |44.0000 |42.0000 |/44.8000 | 0.287 |41.3821 | 1.5770 
44 |44.0000 |38.1051 |45.0000 | 44.793 |43.0000 | 0.222 0.106 |45.2040 145.0000 |45.0000 |43.0000 |45.8000 | 0.288 |42.4107 | 1.5770 
45 |45.0000 |388.9711 |46.0000 | 45.793 |44.0000 | 0.222 0.106 |46.2040 |46.0000 |46.0000 |44.0000 /46.8000 | 0.288 |48.3885 | 1.5771 
46 |46.0000 |39.8372 |47.0000 | 46.792 |45.0000 | 0.222 0.107 |47.2040 |47.0000 |47.0000 |45.0000 |47.7000 | 0.288 |44.4108 | 1.5771 
47 |47.0000 |40.7032 |48.0000 | 47.792 146.0000 | 0.223 0.107 |48.2040 |48.0000 |48.0000 |46.0000 |48.8000 | 0.288 |45.3849 | 1.5772 
48 |48.0000 |41.5692 |49.0000 | 48.792 |47.0000 | 0.223 0.107 |49.2040 |49.0000 /49.0000 |47.0000 |/49.8000 | 0.288 |46.4111 | 1.5772 
49 |49.0000 |42.4852 [50.0000 | 49.791 |48.0000 | 0.223 0.107 |50.2040 |50.0000 |50.0000 |48.0000 |50.8000 | 0.289 |47.3860 | 1.5772 
50 (50.0000 |43.3013 |51.0000 | 50.791 |49.0000 | 0.223 0.107 (51.2040 151.0000 |51.0000 |49.0000 |51.8000 | 0.289 |48.4113 | 1.5773 


, The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
od Intended for cutting by a generating process 
If this dimension is used, the dimension in 


the, chamfer applied. 
47, = 0.0001 X diameter (Col 4). 

; Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
made, add 60% of the lead error to this dimension (see Table 27). Values in this column were changed 


tober 1949. 


Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
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TABLE 5b—1/2 Diametral Pitch, External 


1/2 Diametral Pitch Addendum (Basic), 0.5000 Circular Pitch, 3.1416 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 1.9200 


EXTERNAL 


Major-diameter fit> Fillet root® | ; Dimensions for all fits 
Flat-root side fit Tooth thickness 
Major diameter Major diam Wn ae ; cia | ciB | cic 
Minor fillet Mejor | Minor )|, Fil | zyr." |" Messéttment over pins 
diam |. —_—*«| diam | diam | rad | diam Max ciecsve 
cli Cl IL C1II | Dim Ht Rad Ht CLA C1B CLE | 1.5703" | 1.5723 || 1.5753 
16 17 18 19 20 21 22 23 24 25 26 27 28 i 29 30 31 32 33 
+0.0000 | +0.0000 | +0.0009 
eas Lege. fee, » App Min Dp ee App Max Laie Bi Minf Max Min Min Min ’ Min dimensional® 
6.9985) 6.9999] 7.0015) 0.228) 0.091} 4.7960) 0.170) 0.168} 7.0000) 4.2000; — | 5.2062) 8.8590} 8.8622) 8.8661/1.5654/1.5679]1.5709 
7.9985} 7.9999] 8.0016] 0.230} 0.094) 5.7960} 0.150} 0.150} 8.0000) 5.2000) — _ | 6.0722) 9.6747! 9.6780] 9.6819]1.5653/1.5678/1.5708 
8.9985] 8.9999] 9.0017) 0.230) 0.095} 6.7960) 0.140) 0.137) 9.0000) 6.2000) 0.379} 7.0400)10. 8869/10. 8903/10. 8914}1. 5653}1.5678}1.5708 
9.9985} 9.9999}10. 0018} 0.232) 0.097) 7.7960} 0.1380) 0.127/10.0000| 7.2000} 0.373} 8.0000)11.7460]11.7494)11.7535}1. 5653]1.5678/1.5708 
10.9985}10.9999}11.0019} 0.233) 0.098} 8.7960} 0.120) 0.119/11.0000) 8.2000} 0.367) 9.0000/12.9065)12.9100/12.9143)1. 5652/1. 5677|1. 5707 
11.9985)11.9999}12.0020) 0.234] 0.099) 9.7960} 0.116} 0.113)12.0000) 9.2000} 0.362]/10.0000)13. 7924/13. 7959)13. 8002)1. 5652/1. 5677|1.5707 
12.9985}12.9999/13.0021) 0.234| 0.100)10. 7960} 0.110) 0.107/13.0000)10. 2000} 0.357}11.0000/14.9215)14. 9250/14. 9294|1. 5652/1. 5677|1.5707 
13.9985|13.9999|14.0022| 0.235} 0. 100)11.7960| 0.108} 0. 103)14.0000]11. 2000} 0.353)12.0000|15. 8253)15. 8289)}15. 8332|1. 5651]1. 5676/1. 5706 
} 14. 9985]14.9999]15. 0023) 0.235} 0. 101/12. 7960) 0.105} 0.099}15.0000)12. 2000} 0.350}13.0000)16. 9328)16. 9365/16. 9409)1. 5651|1. 5676|1. 5706 
u 15.9985]15.9999}16.0024| 0.236} 0.102)13.7960} 0.102) 0.096)16.0000}13.2000) 0.348/14.0000)17. 8500/17. 8537|17.8581]1. 56511. 5676)1. 5706 
jiiet 
] 16 |16.9985]16.9999]17.0025) 0.236) 0. 102)14.7960) 0.100) 0.093]17.0000)14. 2000) 0.345)15.0000)18.9421|18. 9458]18. 9503]1. 5650|1. 5675|1.5705 
H 17 |17.9985)17.9999)18.0026) 0.236) 0. 103/15. 7960) 0.100) 0.091)18.0000|15.2000| 0.343)16.0000|19. 8691/19. 8729]19. 8774/1. 5650/1. 5675|1. 5705 
l 18 |18.9985]18.9999]19.0027) 0.237] 0.103/16.7960) 0.100) 0.089]19.0000)16. 2000) 0.341)17.0000|20. 9497/20. 9534/20. 9579|1. 5650|1.5675|1.5705 
iM 19 |19.9985/19. 9999/20. 0028) 0.237) 0.103/17.7960| 0.100} 0.087|20.0000]17.2000| 0.339/18.0000)21. 8845/21 . 8883)21.8928]1. 5649}1. 5674/1. 5704 
20 |20.9985)20.9999|21.0029] 0.237] 0.104/18.7960| 0.100) 0.085}21 .0000)18. 2000} 0.338)19. 0000/22. 9559)22. 9597|22. 9643]1. 5649]1 . 5674/1. 5704 
i } 21 |21.9985/21.9999/22. 0030} 0.237} 0.104/19.7960| 0.100} 0.083}22.0000}19. 2000} 0. 336/20. 0000/23. 8970|23. 9009/23. 9054|1. 5648)1. 5673)1.5703 
} 22 |22.9985)/22.9999|23.0031| 0.237). 0. 104/20. 7960} 0.100} 0.082/23.0000|20.2000| 0.334/21. 0000/24 . 9612)24 . 9650|24 .9696}1. 5648)1. 5673|1. 5703 
i 23 |23.9985|23.9999|24.0032| 0.238] 0.104|21.7960} 0.100} 0.081)24. 0000/21. 2000} 0.333)22.0000|25.9075/25.9114|25.9160|1. 5648)1. 5673|1.5703 
j 24 |24.9985/24 .9999|25.0033} 0.238} 0.105/22.7960) 0.100} 0.080)25.0000)22.2000| 0.332/23 .0000|26 . 9657/26 . 9696/26 . 9743]1. 5647|1.5672|1. 5702 
i 25 |25. 9985/25 .9999)26.0034| 0.238) 0.105/23.7960) 0.100} 0.079|26.0000}23. 2000) 0.331/24.0000|27 .9164|27 . 9203/27 .9250|1. 5647/1. 5672|1. 5702 
k 26 |26.9985/26.9999|27.0035] 0.238) 0.105/24.7960) 0.100} 0.078|27.0000)24. 2000) 0.330)25.0000)28 . 9698/28 . 9737|28 . 9784/1. 5647|1. 5672/1. 5702 
| 27 |27.9985|27.9999|28.0036| 0.239] 0.105|/25. 7960} 0.100) 0.077|28. 0000/25. 2000) 0.380)26.0000|29 . 9240/29-.9279)29 .9326|1 . 5646]1.5671|1.5701 
28 |28.9985)28.9999|29.0037| 0.239) 0.10526. 7960} 0.100) 0.076|29. 0000/26. 2000} 0.329)27.0000)30. 9732/30. 9771/30. 9818]1. 5646]1.5671|1.5701 
29 |29.9985|29.9999|30. 0038} 0.239) 0.106|/27.7960} 0.100) 0.075)30. 0000/27. 2000} 0.328)/28.0000|31. 9307/31 .9347)|31 .9394]1. 5646)1.5671]1. 5701 
| 30 |30.9985|30.9999|31.0089} 0.239) 0.106)28.7960} 0.100} 0.074)31. 0000/28. 2000} 0.327)/29 .0000)32. 9763/32. 9802/32. 9849]1. 5645]1. 5670}1. 5700 
Ih 
| 31 |31.9985|31.9999|32.0040) 0.239} 0. 106|29.7960} 0.100) 0.074/32.0000)29. 2000} 0.327|30. 0000/33. 9365|33. 9405/33. 9452)1. 5645/1. 5670/1. 5700 
82 |32.9985|32.9999/33.0041| 0.239} 0.106|30.7960) 0.100] 0.073)33.0000/30. 2000) 0.326)31 .0000)34 .9789|34 . 9828/34 . 9876)1. 5644/1. 5669|1. 5699 
| 33 |33.9985|33 .9999|34.0042| 0.239) 0.106)/31.7960| 0.100} 0.072/34. 0000/31. 2000} 0.326)32.0000|35. 9415/35. 9455/35. 9503)1. 5644}1. 5669]1. 5699 
| 34 |34.9985|34.9999/35.0043) 0.239} 0. 106/32.7960) 0.100] 0.072/35.0000/32.2000) 0.325/33.0000)36. 9814/36. 9854/36 . 9902|1 . 5644/1. 5669}1 . 5699 
| 35 |35.9985|35.9999/36.0044| 0.239] 0.106)33.7960} 0.100} 0.071/36.0000/33.2000) 0.325)34.0000}37. 9461|37 . 9501/37. 9549]1. 5643}1 . 5668/1. 5698 
| 36 |36.9985)/36.9999|37.0045| 0.240) 0.106)34.7960} 0.100) 0.071/37.0000\34. 2000} 0.324|35. 0000/38 . 9835|38 . 9875/38 . 9923]1 . 5643}1. 5668)1. 5698 
| 37 |37.9985|37. 9999/38. 0046) 0.240) 0.107/35.7960| 0.100) 0.070/88.0000)35. 2000) 0.324/36. 0000/39 . 9503/39 . 9543/39. 9591/1. 5643/1. 5668)1 . 5698 
38 |38.9985/38 .9999|39.0047| 0.240} 0.107/36.7960} 0.100) 0.070)39.0000/36.2000) 0.323/37.0000/40. 9854/40. 9894/40. 9942)1. 5642/1. 5667]1. 5697 
39 |39.9985|39.9999|40.0048) 0.240} 0.107|37.7960} 0.100) 0.069/40.0000|37.2000) 0.323|38. 0000/41 . 9539/41 . 9579/41. 9627|1. 5642/1. 5667|1. 5697 
| _ 40 |40.9985/40.9999|41 0049} 0.240) _0.107|38.7960| 0.100} 0.069|41 0000/38. 2000} 0.323/39. 0000/42. 9874/42. 9914/42 .9962)1. 5642/1 .5667/1. 5697 
i Al |41.9985/41.9999|42.0050} 0.240) 0.107/39.7960| 0.100) 0.069/42.0000|39 . 2000} 0.322/40.0000/43. 9572)43 9612/43. 9661/1. 5641/1. 5666)1. 5696 
| 42 |42.9985/42.9999|43.0051| 0.240) 0.107/40.7960| 0.100) 0.068/43. 0000/40. 2000} 0.322/41.0000/44. 9888|44 9928/44 .9927|1. 5641/1. 5666)1. 5696 
i” 43 |43.9985/43. 9999/44 .0052| 0.240! 0.107/41.7960] 0.100) 0.068/44.0000)41. 2000} 0.322/42. 0000/45. 9603/45. 9643/45. 9692/1. 5641/1. 5666/1. 5696 
* 44 \44. 9985/44 .9999|/45.0053} 0.240) 0.107/42.7960| 0.100) 0.068/45.0000)42. 2000} 0.322/43.0000/46. 9903/46. 9943/46. 99921 . 5640/1. 5665/1. 5695 
* 45 |45.9985!45.9999|46.0054| 0.240) 0.107/43.7960| 0.100) 0.067/46.0000/43. 2000} 0.321/44.0000/4, . 9630/47 . 9670/47 .9719]1 . 5640]1. 5665/1. 5695 
‘ 46 |46.9985/46. 9999/47 .0055| 0.240} 0.107/44. 7960} 0.100} 0.067|/47.0000/44. 2000) 0.321/45.0000/48 . 9916/48. 9957/49 .0005)1 . 5639/1. 5664|1 . 5694 
47 |47.9985)47. 9999/48 .0056] 0.240} 0.107/45.7960| 0.100} 0.067/48.0000)/45. 2000} 0.320/46. 0000/49. 9654/49 . 9694/49 .9743}1 . 5639]1. 5664/1. 5694 
48 |48.9985)/48. 9999/49 .0057| 0.240} 0.107|46.7960) 0.100} 0.06649 .0000/46. 2000} 0. 320/47 .0000/50. 9929|50. 9969/51. 0018}1 . 5639/1. 5664/1. 5694 
49 |49.9985|49.9999|50.0058} 0.240) 0.107/47.7960| 0.100) 0.066/50. 0000/47. 2000} 0.320/48.0000)51 . 9676/51. 9717|51. 9766]1. 5638/1 .5663)1. 5693 
‘ 50 |50.9985/50.9999|51.0059| 0.240) 0.107/48. 7960} 0.100) 0.066/51.0000)48. 2000} 0.319/49.0000)52. 9940/52. 9981]53 . 0030/1. 5638]1 . 5663)1 . 5693 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27, 

© This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 

4 When Col 9B is used for the internal spline, reduce this dimension as covered in Table 5a, footnote c. 

© J = 0.0002 X diameter (Col 24). 

f Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 

® Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 
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INVOLUTE SPLINES 


TABLE 6a—2.5/5 Diametral Pitch, Internal 


2.5/5 Diametral Pitch 
‘Pressure Angle, 30° 


Addendum (Basic), 0.2000 
Dedendum (See Sec 6) 


Circular Pitch, 1.2566 
Meas-Pin Diam, 0.5760 


INTERNAL 
INTERNAL AND EXTERNAL 
Major-diameter fit Fillet-root side fit All fits 
Flat-Root Side Fit oe 
3 = z Measur wi 
wr eaeee eircle spa TIF Major-diam Fillet Major diam Minor | Major | Fillet ment 
eae diam, Basie diam Minor TIF diam diam tad between Min 
ref diam Rad Ht Full Short diam eS effective 
deden” deden® 0.6283 
1 2 3 4 5 6 7 8 9A 9B 10 11 12 13 14 15 
+0.0007 r 
eer ia ; 0,00 0.0450 sek Deh 
es as ee Min | {0000 | APP Max | 13-0000 ~t.oo Min | *5St00 | to:000 | Min Max — 
6 | 2.4000 | 2.0785 | 2.8000 2.759 | 2.0885 | 0.058 0.021 | 2.8840 | 2.8000-| 2.8000 | 2.0885 | 3.1200 | 0.063 | 1.7655 | 0.6326 
7 | 2.8000 | 2.4249 | 3.2000 3.153 | 2.4849 | 0.064 0.024 | 3.2840 | 3.2000 | 3.2000 | 2.4349 | 3.5200 | 0.075 | 2.0971 | 0.6326 
8 | 3.2000 | 2.7713 | 3.6000 3.549 | 2.8300 | 0.068 0.026 | 3.6840.) 3.6000 | 3.6000 | 2.8300 | 3.9200 | 0.081 | 2.5662 | 0.6326 
9 | 3.6000 | 3.1177 | 4.0000 3.945 | 3.2000 | 0.071 0.028 | 4.0840 | 4.0000 | 4.0000 | 3.2000.}4-8200 | 0.086 | 2.9125 | 0.6326 
10 | 4.0000 | 3.4641 | 4.4000 4.341 | 3.6000 | 0.073 0.030 | 4.4840 | 4.4000 | 4.4000-|3.6000 | 4.7200 | 0.090 | 3.3666 | 0.6327 
11 | 4.4000 | 3.8105 | 4.8000 4.739 | 4.0000 | 0.075 0.031 | 4.8840 | 4.8000 | 4.8000 | 4.0000 | 5.1200 | 0.093 | 3.7226 | 0.6327 
12 | 4.8000 | 4.1569 | 5.2000 5.185 | 4.4000 | 0.077 0.033 | 5.2840 | 5.2000 | 5.2000 | 4.4000 | 5.5200 | 0.096 | 4.1669 | 0.6327 
13 | 5.2000 | 4.5033 | 5.6000 5.5383 | 4.8000 | 0.078 0.034 | 5.6840 | 5.6000 | 5.6000 | 4.8000 | 5.9200 | 0.098 | 4.5295 | 0.6327 
14 | 5.6000 | 4.8498 | 6.0000 5.933 | 5.2000 | 0.079 0.034 | 6.0840 | 6.0000 | 6.0000 | 5.2000 | 6.3200 | 0.100 | 4.9670 | 0.6327 
15 | 6.0000 | 5.1962 | 6.4000 6.331 | 5.6000 | 0.080 0.035 | 6.4840 | 6.4000 | 6.4000 | 5.6000 | 6.7200 | 0.101 | 5.38345 | 0.6327 
16 | 6.4000 | 5.5426 | 6.8000 6.729 | 6.0000 | 0.081 0.036 | 6.8840 | 6.8000 | 6.8000 | 6.0000 | 7.1200 | 0.102 | 5.7672 | 0.6327 
17 | 6.8000 | 5.8890 | 7.2000 7.129 | 6.4000 | 0.082 0.036 | 7.2840 | 7.2000 | 7.2000 | 6.4000 | 7.5200 | 0.104 | 6.1386 | 0.6328 
18 | 7.2000 | 6.2354 | 7.6000 7.527 | 6.8000 | 0.083 0.037 | 7.6840 | 7.6000 | 7.6000 | 6.8000 | 7.9200 | 0.105 | 6.5674 | 0.6328 
19 | 7.6000 | 6.5818 | 8.0000 7.927 | 7.2000 | 0.083 0.037 | 8.0840 | 8.0000 | 8.0000 | 7.2000 | 8.3200 | 0.106 | 6.9417 | 0.6328 
20 | 8.0000 | 6.9282 | 8.4000 8.325 | 7.6000 | 0.084 0.038 | 8.4840 | 8.4000 | 8.4000 | 7.6000 | 8.7200 | 0.106 | 7.3675 | 0.6328 
21 | 8.4000 | 7.2746 | 8.8000 8.726 | 8.0000 | 0.084 0.038 | 8.8840 | 8.8000 | 8.8000 | 8.0000 | 9.1200 | 0.107 | 7.7442 | 0.6328 
22 | 8.8000 | 7.6210 | 9.2000 9.124 | 8.4000 | 0.085 0.039 | 9.2840 | 9.2000 | 9.2000 | 8.4000 | 9.5200 | 0.108 | 8.1676 | 0.6328 
23 | 9.2000 | 7.9674 | 9.6000 9.524 | 8.8000 | 0.085 0.039 | 9.6840 | 9.6000 | 9.6000 | 8.8000 | 9.9200 | 0.108 | 8.5464 | 0.6329 
24 | 9.6000 | 8.3138 |10.0000 9.924 | 9.2000 | 0.085 0.039 |10.0840 |10.0000 |10.0000 | 9.2000 |10.3200 | 0.109 | 8.9677 | 0. 6329 
25 |10.0000 | 8.6602 {10.4000 | 10.322 | 9.6000 | 0.086 0.040 |10.4840 |10.4000 |10.4000 | 9.6000 |10.7200 | 0.109 | 9.3481 | 0.6329 
26 |10.4000 | 9.0067 |10.8000 | 10.722 |10.0000 | 0.086 0.040 |10.8840 |10.8000 |10.8000 |10.0000 |11.1200 | 0.110 | 9.7678 | 0.6329 
27 10.8000 | 9.3531 /11.2000 | 11.122 |10.4000 | 0.086 0.040 /11.2840 |11.2000 11.2000 |10.4000 |11.5200 | 0.110 {10.1496 | 0.6329 
28 |11.2000 | 9.6995 |11.6000 | 11.522 |10.8000 | 0.086 0.040 |11.6840 11.6000 |11.6000 10.8000 |11.9200 | 0.110 |10.5678 | 0.6329 
29 {11.6000 |10.0459 |12.0000 | 11.922 |11.2000 | 0.087 0.040 |12.0840 |12.0000 |12.0000 |11.2000 |12.3200 | 0.111 {10.9511 | 0.63380 
30 (12.0000 |10.3923 |12.4000 | 12.320 |11.6000 | 0.087 0.041 |12.4840 |12.4000 |12.4000 |11.6000 |12.7200 | 0.111 /11.3681 | 0.6330 
31 {12.4000 |10.7387 |12.8000 | 12.720 |12.0000 | 0.087 0.041 |12.8840 |12.8000 |12.8000 |12.0000 |13.1200 | 0.111 |11.7523 | 0.6330 
82 |12.8000 {11.0851 {13.2000 | 18.120 |12.4000 | 0.087 0.041 |13.2840 |13.2000 |18.2000 |12.4000 |18.5200 | 0.112 |12.1681 | 0.6330 
83 {13.2000 11.4815 |13.6000 | 13.520 |12.8000 | 0.087 0.041 |13.6840 |13.6000 |13.6000 |12.8000 |13.9200 | 0.112 |12.5532 | 0.6330 
34 |13.6000 |11.7780 |14.0000 | 18.920 |13.2000 | 0.088 0.041 [14.0840 /14.0000 |14.0000 |13.2000 |14.3200 | 0.113 /12.9681 | 0.6330 
35 |14.0000 |12.1244 |14.4000 | 14.318 |13.6000 | 0.088 0.042 [14.4840 [14.4000 |14.4000 |13.6000 |14.7200 | 0.118 |13.3541 | 0.6330 
36 {14.4000 |12.4708 114.8000 | 14.718 |14.0000 | 0.088 0.042 |14.8840 |14.8000 |14.8000 |14.0000 |15.1200 | 0.113 |18.7682 | 0.6331 
37 |14.8000 |12.8172 |15.2000 | 15.118 |14.4000 | 0.088 0.042 |15.2840 |15.2000 |15.2000 (14.4000 |15.5200 | 0.113 (14.1550 | 0.6331 
88 {15.2000 |13.1636 |15.6000 | 15.518 |14.8000 | 0.088 0.042 [15.6840 15.6000 |15.6000 |14.8000 |15.-9200 | 0.114 /14.5682 | 0.6331 
39 |15.6000 |13.5100 |16.0000 | 15.918 |15.2000 | 0.088 0.042 |16.0840 |16.0000 |16.0000 |15.2000 |16.3200 | 0.114 |14.9557 | 0.6331 
40 |16.0000 |13.8564 |16.4000 | 16.318 |15.6000 | 0.088 0.042 |16.4840 |16.4000 |16.4000 |15.6000 |16.7200 | 0.114 |15.3683 | 0.6331 
41 16.4000 |14.2028 |16.8000 | 16.718 |16.0000 | 0.088 0.042 |16.8840 |16.8000 |16.8000 |16.0000 |17.1200 | 0.114 {15.7563 | 0.6331 
42 {16.8000 |14.5492 |17.2000 | 17.118 |16.4000 | 0.089 0.042 |17.2840 17.2000 |17.2000 |16.4000 |17.5200 | 0.114 |16.1685 | 0.6332 
43 {17.2000 |14.8956 |17.6000 | 17.518 |16.8000 | 0.089 0.042 |17.6840 117.6000 17.6000 {16.8000 {17.9200 | 0.114 16.5571 | 0.6332 
44 |17.6000 |15.2420 18.0000 | 17.918 |17.2000 | 0.089 0.042 /18.0840 |18.0000 |18.0000 {17.2000 |18.3200 | 0.114 |16.9685 | 0.6332 
45 (18.0000 |15.5884 |18.4000 | 18.318 |17.6000 | 0.089 0.042 {18.4840 |18.4000 |18.4000 |17.6000 |18.7200 | 0.115 |17.3576 | 0.6332 - 
46 |18.4000 15.9349 |18.8000 | 18.717 |18.0000 | 0.089 0.048 |18.8840 |18.8000 |18.8000 /18.0000 |19.1200 | 0.115 {17.7685 | 0.6332 
47 |18.8000 |16.2813 |19.2000 | 19.117 |18.4000 | 0.089 0.043 |19.2840 |19.2000 |19.2000 18.4000 |19.5200 | 0.115 |18.1581 | 0.6332 
48 |19.2000 16.6277 |19.6000 | 19.517 |18.8000 | 0.089 0.043 |19.6840 |19.6000 {19.6000 [18.8000 |19.9200 | 0.115 18.5686 | 0.6332 
49 {19.6000 |16.9741 |20.0000 | 19.917 |19.2000 | 0.089 0.043 |20.0840 ,20.0000 |20.0000 |19.2000 |20.3200 | 0.115 (18.9586 0.6333 
50 {20.0000 |17.8205 |20.4000 | 20.317 {19.6000 | 0.089 0.043 |20.4840 |20.4000 |20.4000 |19.6000 20.7200 | 0.115 |19.3687 | 0.6333 


es The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating process 
* If this dimension is used 


re aa 8 applied. 


= 0.0001 X diameter (Col 4). 

3 Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
made, add 60% of the lead error to this dimension (see Table 27). 


, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
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TABLE 6b—2.5/6 Diametral Pitch, External* 


2.5/5 Diametral Pitch Addendum (Basic), 0.2000 Circular Pitch, 1.2566 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.7680 


EXTERNAL 


Major-diameter fit? Fillet root® | Dimensions for all fits 
Flat-root side fit Tooth thickness as 
N Major diameter eiordintn Sr cia | as | cic 
3 Minor fillet Major | Minor | Fil | TIF Bear dretaeah Yeap ins 
diamh ie) Verbs) /eidiam' diam rad diam Max effective 
ClI Cl It CLI | Dim Ht Rad Ht CLA C1B CLC 0.6278 | 0.6298 | 0.6325 
1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
Rec | +9.0000 | +0.0000 | +0.0809 ‘ ‘pais ' / ] es .... 
ei hae yg yey. st Ra - App Min Bai App Max aie rere Minf Max Min Min Min Min dimensional® 
6 | 2.7985) 2.7999} 2.8011) 0.091) 0.036} 1.9160} 0.068) 0.067} 2.8000] 1.6800} — | 2.0885] 3.5400] 3.5433) 3.5468]/0. 6234/0. 6259|0.6286 
7 | 3.1985} 3.1999) 3.2011} 0.092] 0.037} 2.3160] 0.060} 0.060) 3.2000) 2.0800) — 2.4849] 3.8664) 3.8697) 3.8732)0.6234/0.6259|0.6286 
8 | 3.5985] 3.5999} 3.6012) 0.092} 0.038} 2.7160} 0.056) 0.055) 3.6000) 2.4800} 0.159] 2.8300] 4.3511] 4.3545] 4.3582/0.6234|0.6259|0.6286 
9 | 3.9985) 3.9999} 4.0012) 0.093} 0.039} 3.1160} 0.052) 0.051) 4.0000) 2.8800} 0.149] 3.2000] 4.6947| 4.6981) 4.7018]0.6234)0.6259|0.6286 
10 | 4.3985) 4.3999] 4.4012) 0.093) 0.039) 3.5160} 0.048} 0.048} 4.4000} 3.2800] 0.146) 3.6000] 5.1589) 5.1624) 5.1662/0.6234/0.625910.6286 
11 | 4.7985} 4.7999} 4.8013) 0.094} 0.039) 3.9160) 0.046) 0.045} 4.8000} 3.6800) 0.144] 4.0000) 5.5132] 5.5167) 5.5205/0.6234/0.6259/0.6286 
12 | 5.1985} 5.1999} 5.2013} 0.094) 0.040) 4.3160) 0.044] 0.043} 5.2000}.4.0800].0.142).4.4000]. 5.9648]. 5.9683] .5.972210.623410.6259/0. 6286 
13 | 5.5935) 5.5999) 5.6014) 0.094] 0.040) 4.7160} 0.043} 0.041) 5.6000} 4.4800) 0.141] 4.8000] 6.3262] 6.3298] 6.3337|0.6233|0.6258/0. 6285 
14 | 5.9985} 5.9999] 6.0014} 0.094) 0.040} 5.1160} 0.042} 0.040; 6.0000] 4.8800] 0.139) 5.2000] 6.7692) 6.7728) 6.7768|0.6233)0.6258|0.6285 
15 | 6.3985] 6.3999} 6.4014] 0.084] 0.040) 5.5160) 0.041) 0.038] 6.4000} 5.2800] 0.138] 5.6000) 7.1360) 7.1397] 7.1437/0.6233/0.6258|0.6285 
16 | 6.7985) 6.7999} 6.8015} 0.094) 0.040} 5.9160) 0.040) 0.037] 6.8000) 5.6800} 0.137] 6.0000) 7.5729) 7.5766} 7.5806/0.6233)0.6258)0.6285 
17 | 7.1985) 7.1999} 7.2015) 0.094) 0:041) 6.3160} 0.040) 0.036} 7.2000) 6.0800} 0.137} 6.4000) 7.9436) 7.9474! 7.9514/0.6233|0.6258/0.6285 
18 | 7.5985} 7.5999] 7.6016) 0.095) 0.041) 6.7160] 0.040) 0.035] 7.6000} 6.4800] 0.136] 6.8000) 8.3759) 8.3796) 8.3837)/0. 6233/0. 6258/0. 6285 
19 | 7.9985) 7.9999) 8.0016} 0.095) 0.041) 7.1160} 0.040} 0.035) 8.0000} 6.8800] 0.135) 7.2000] 8.7498) 8.7536) 8.7577|0.6233/0.6258|0.6285 
20 | 8.3985] 8.3999] 8.4016) 0.095} 0.041) 7.5160) 0.040] 0.034] 8.4000) 7.2800} 0.134) 7.6000) 9.1784] 9.1822) 9.1863)|0.6233)0.6258/0.6285 
21 | 8.7985) 8.7999) 8.8017) 0.095) 0.042] 7.9160} 0.040} 0.033] 8.8000} 7.6800] 0.134) 8.0000} 9.5547) 9.5585) 9.5627|0.6232/0.6257|0.6284 
22 | 9.1985) 9.1999) 9.2017) 0.095) 0.042} 8.3160} 0.040} 0.033] 9.2000) 8.0800) 0.133) 8.4000} 9.9804} 9.9842! 9.9884/0.6232/0.6257/0. 6284 
23 | 9.5985) 9.5999) 9.6018} 0.095] 0.042] 8.7160) 0.040) 0.032) 9.6000) 8.4800) 0.133] 8.8000)10. 3588/10. 3627)10.3669)/0.6232|0.6257|/0.6284 
24 | 9.9985) 9.9999|10.0018} 0.095} 0.042} 9.1160} 0.040} 0.032]10.0000) 8.8800} 0.132} 9.2000/10.7822]10.7861|10. 7903|0. 6232|0.6257\0.6284 
25 |10.3985]10.3999|10.4018) 0.095} 0.042} 9.5160} 0.040} 0.031/10.4000| 9.2800] 0.132) 9.6000)11.1625)11. 1644/11. 1706/0. 6232/0. 6257|0.6284 
26 |10.7985|10.7999|10.8019] 0.095] 0.042) 9.9160) 0.040} 0.031/10.8000| 9.6800) 0.131)10.0000)11.5837}11.5876|11.5919|0. 6232/0. 6257/0. 6284 
27 |11.1985)11.1999]11.2019| 0.096} 0.042/10.3160} 0.040) 0.031}11. 2000/10. 0800} 0.131/10.4000|11.9655)11. 9694|11.9737|0.6232|0.6257|0. 6284 
28 |11.5985)11.5999}11.6020} 0.096} 0.042)10. 7160} 0.040} 0.030/11.6000|)10.4800] 0.131/10.8000]12.3852/12.3891]12.3934|0.6232|0.6257/0.6284 
29 |11.9985/11.9999]12.0020) 0.096] 0.042)11.1160) 0.040} 0.030]12.0000/10.8800| 0.130)11.2000)12.7682)12.7721/12. 776410. 6232/0.6257|0.6284 
30 |12.3985)12.3999|12.4020] 0.096} 0.042)11.5160} 0.040} 0.030/12.4000]11.2800) 0. 130/11. 6000/13. 1863}13. 1902/13. 1945|0.623110.6256/0. 6283 
31 |12.7985}12.7999|12.8021| 0.096} 0.042/11.9160| 0.040] 0.029]12.8000|11.6800} 0.130}12.0000)13. 5704/18. 5743]13.5786|0. 62310. 6256/0. 6283 
32 |13.1985}13. 199913. 2021] 0.096] 0.042}12.3160] 0.040} 0.029/13.2000]12. 0800) 0. 129/12. 4000]13. 9874/13. 9913/13. 9956/0. 6231/0. 6256/0. 6283 
33 |13.5985)13.5999|13.6022) 0.096) 0.042)12.7160] 0.040} 0.029)13.6000]}12.4800] 0.129]12.8000]14.3724/14.3764/14 . 3807/0. 6231/0.6256/0.6283 
34 |13.9985)13.9999|14.0022) 0.096) 0.042/13. 1160} 0.040} 0.029/14. 000012. 8800] 0.129]13.2000]14.7883)}14. 7923/14. 7966/0. 6231/0. 6256/0. 6283 
35 |14.3985)14.3999)14. 4022) 0.096} 0.043/13.5160} 0.040} 0.029}14. 4000/13. 2800} 0. 129/13. 6000/15. 1733]15. 1783|15. 1826|0 . 62310. 6256|0.6283 
36 |14.7985)14.7999|14.8023) 0.096] 0.043/13.9160] 0.040} 0.028)14.8000/13.6800} 0.129|14.0000/15. 5893}15. 5933/15 .5976/0.6231/0.6256|0. 6283 
87 |15.1985|15.1999)15. 2023] 0.096} 0.043]14.3160} 0.040} 0.028)15.2000}14. 0800] 0. 128)14.4000]15.9760|15.9800)15.9843|0. 6231/0. 6256/0. 6283 
38 |15.5985)15.5999)15. 6024! 0.096} 0.043/14.7160} 0.040) 0.028)15. 6000/14. 4800} 0. 128]14.8000}16.3899]16.3939}16.3982|0.6230)/0.6255)/0.6282 
39 |15.9985|15.9999)16.0024| 0.096} 0.043/15.1160| 0.040} 0.028]16.0000)14. 8800} 0.128}15.2000/16. 7773|16.7813)16.7856\0.6230)/0.6255)0.6282 
40 |16.3985)/16.3999}16.4024| 0.096)-0.043]15.5160] 0.040) 0.028)16.4000/15.2800] 0. 128]15.6000|17.1907|17. 1947/17. 1990/0. 6230/0. 6255/0. 6282 
41 |16.7985)|16.7999}16.8025|) 0.096) 0.043)15.9160) 0.040) 0.027/16.8000/15.6800| 0.128]16.0000|17.5787|17. 5827/17 .5870/0.6280/0.6255/0. 6282 
42 |17.1985]17.1999}17.2025) 0.096| 0.043)16.3160) 0.040) 0.027)17.2000/16.0800| 0.127/16.4000|17.9912)17.9953)17 .9996)0. 6230/0.6255)/0.6282 
43 |17.5985)17.5999|17.6026| 0.096} 0.043]16.7160| 0.040) 0.027|17.6000]16.4800) 0.127/16.8000/18.3798]18 .3839}18 .3882|0.6230)0.6255)0.6282 
44 |17.9985)|17.9999}18.0026| 0.096 0.043/17.1160) 0.040) 0.027|18.0000]16.8800} 0.127)17.2000/18.7919]18.7960}18 . 8003/0. 6230/0. 6255/0. 6282 
45 |18.3985|18.3999]18. 4026] 0.096) 0.043/17.5160} 0.040] 0.027|18.4000/17. 2800) 0.127|17. 6000/19. 1810/19. 1851|19. 1894|0.6230)0.6255)0.6282 
46 |18.7985|18.7999|18.8027| 0.096) 0.043|17.9160} 0.040} 0.027|18.8000}17.6800| 0.127|18.0000/19 . 5923]19 . 5964/19 . 6008/0. 6229|0.6254/0.6281 
A7 \19.1985)19. 1999}19.2027| 0.096} 0.043/18.3160} 0.040} 0.02719. 2000)18.0800) 0.127/18.4000}19 .9818]19. 9859/19 . 9903/0. 6229/0. 6254/0. 6281 
48 |19.5985|19.5999|19.6028] 0.096) 0.043/18.7160) 0.040} 0.027/19.6000|18.4800) 0. 127|18.8000|20.3928|20.3969)20. 4013/0. 6229/0. 6254/0. 6281 
49 |19.9985)19.9999|20.0028} 0.096} 0.043/19.1160} 0.040} 0.027/20.0000/18.8800} 0.126]19. 2000/20. 7828|20. 7869|20.7913|/0.6229|0.6254|0.6281 
50 |20.3985/20.3999|20. 4028) 0.096} 0.043/19.5160) 0.040) 0.026/20. 4000/19. 2800) 0. 126/19. 6000]21. 1934/21. 1975|21.2019|0. 6229|0. 6254/0. 6281 


* The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 
= This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 
When Col 9B is used for the internal spline, reduce this dimension as covered in Table 6a, footnote c. 
© J = 0.0002 X diameter (Col 24). 
Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
® Allowable errors (Table 27) except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 


3/6 Diametral Pitch 
Pressure Angle, 30 


INVOLUTE SPLINES 


TABLE 7a—3/6 Diametral Pitch, Internal* 


Addendum (Basic), 0.1667 
Dedendum (See Sec 6) 


Circular Pitch, 1.0472 
Meas-Pin Diam, 0.4800 


INTERNAL 
INTERNAL AND EXTERNAL 
Major-diameter fit | Fillet-root side fit All fits 
Flat-Root Side Fit Space 
Base- : M idth 
N ae Bede Mase TIF Major-diam fillet Major diam Minor Major Fillet wat ee 
of iam, Bea diam Lae = ae diam diam rad between Man 
Te i Full S jam pins i 
7 Rad Ht deden> dulen® = meg 
1 2 3 4 5 6 7 8 9A 9B 10 il 12 13 14 15 
+0.0007 F 
+1,0.0007 ; i d : .005 i ae Dimen- 
Pegamece. | TR, | oe | AA | Ame] amex | ERR | foto | mn | 28888 | haR | on | ater | eat 
i ; 
6 | 2.0000 | 1.7821 | 2.3333 | 2.300 | 1.7421 | 0.048 | 0.017 | 2.4040 | 2.3333 | 2.3333 | 1.7421 | 2.6000 | 0.053 | 1.4722 | 0.5277 
7 | 2.3333 | 2.0207 | 2.6667 | 2.628 | 2.0307 | 0.053 | 0.020 | 2.7373 | 2.6667 | 2.6667 | 2.0307 | 2.9333 | 0.062 | 1.7485 | 0.5277 
8 | 2.6667 | 2.3094 | 3.0000 | 2.957 | 2.3633 | 0.057 | 0.022 | 3.0707 | 3.0000 | 3.0000 | 2.3633 | 3.2667 | 0.067 | 2.1394 | 0.5277 
9 | 3.0000 | 2.5981 | 3.3333 | 3.286 | 2.6667 | 0.059 | 0.024 | 3.4040 | 3.3333 | 3.3333 | 2.6667 |-3:6000 | 0.071 | 2.4280 | 0.5277 : 
10 | 3.3383 | 2.8868 | 3.6667 | 3.618 | 3.0000 | 0.061 | 0.025 | 3.7373 |. 3.6667 | 3.6667 | 3.0000 | 3.9333 | 0.074 | 2.8064 | 0.5277 f 
11 | 3.6667 | 3.1754 | 4.0000 | 3.949 | 3.3333 | 0.063 | 0.026 | 4.0707 | 4.0000 | 4.0000 | 3.3333 | 4.2667 | 0.077 | 3.1030 | 0.5277 
12 | 4.0000 | 3.4641 | 4.3333 | 4.280 | 3.6667 | 0.064 | 0.027 | 4.4040 | 4.3333 | 4.3333 | 3.6667 | 4.6000 | 0.080 | 3.4784 | 0.5278 
13 | 4.3333 | 3.7528 | 4.6667 | 4.612 | 4.0000 | 0.065 | 0.028 | 4.7873 | 4.6667 | 4.6667 | 4.0000 | 4.9333 | 0.081 | 3.7755 | 0.5278 . 
14 | 4.6667 | 4.0415 | 5.0000 | 4.943 | 4.3333 | 0.066 | 0.029 | 5.0707 | 5.0000 | 5.0000 | 4.3333 | 5.2667 | 0.083 | 4.1401 | 0.5278 
15 | 5.0000 | 4.3801 | 5.3333 | 5.277 | 4.6667 | 0.067 | 0.029 | 5.4040 | 5.3333 | 5.3333 | 4.6667 | 5.6000 | 0.084 | 4.4464 | 0.5278 
16 | 5.3333 | 4.6188 | 5.6667 | 5.608 | 5.0000 | 0.068 | 0.030 | 5.7373 | 5.6667 | 5.6667 | 5.0000 | 5.9333 | 0.085 | 4.8069 | 0.5278 
17 | 5.6667 | 4.9075 | 6.0000 | 5.941 | 5.3333 | 0.068 | 0.030 | 6.0707 | 6.0000 | 6.0000 | 5.3333 | 6.2667 | 0.086 | 5.1164 | 0.5278 
18 | 6.0000 | 5.1962 | 6.3333 | 6.273 | 5.6667 | 0.069 | 0.031 | 6.4040 | 6.3833 | 6.3333 | 5.6667 | 6.6000 | 0.087 | 5.4737 | 0.5278 
19 | 6.3333 | 5.4848 | 6.6667 | 6.606 | 6.0000 | 0.069 | 0.031 | 6.7373 | 6.6667 | 6.6667 | 6.0000 | 6.9333 | 0.088 | 5.7857 | 0.5279 
20 | 6.6667 | 5.7735 | 7.0000 | 6.937 | 6.3333 | 0.070 | 0.032 | 7.0707 | 7.0000 | 7.0000 | 6.3333 | 7.2667 | 0.088 | 6.1405 | 0.5279 
21 | 7.0000 | 6.0622 | 7.3333 | 7.271 | 6.6667 | 0.070 | 0.032 | 7.4040 | 7.3333 | 7.3333 | 6.6667 | 7.6000 | 0.089 | 6.4544 | 0.5279 
22 | 7.33833 | 6.3509 | 7.6667 | 7.604 | 7.0000 | 0.071 | 0.032 | 7.7373 | 7.6667 | 7.6667 | 7.0000 | 7.9333 | 0.089 | 6.8072 | 0.5279 
23 | 7.6667 | 6.6395 | 8.0000 | 7.938 | 7.3333 | 0.071 | 0.032 | 8.0707 | 8.0000 | 8.0000 | 7.3333 | 8.2667 | 0.090 | 7.1228 | 0.5279 
24 | 8.0000 | 6.9282 | 8.3333 | 8.269 | 7.6667 | 0.071 | 0.033 | 8.4040 | 8.3333 | 8.3333 | 7.6667 | 8.6000 | 0.090 | 7.4740 | 0.5279 
25 | 8.3333 | 7.2169 | 8.6667 | 8.602 | 8.0000 | 0.071 | 0.033 | 8.7373 | 8.6667 | 8.6667 | 8.0000 | 8.9333 | 0.091 | 7.7910 | 0.5279 
26 | 8.6667 | 7.5056 | 9.0000 | 8.936 | 8.3333 | 0.072 | 0.033 | 9.0707 | 9.0000 | 9.0000 | 8.3333 | 9.2667 | 0.091 | 8.1407 | 0.5279 
27 | 9.0000 | 7.7942 | 9.3333 | 9.269 | 8.6667 | 0.072 | 0.033 | 9.4040 | 9.3333 | 9.3333 | 8.6667 | 9.6000 | 0.092 | 8.4591 | 0.5280 
28 | 9.3833 | 8.0829 | 9.6667 | 9.600 | 9.0000 | 0.072 | 0.034 | 9.7373 | 9.6667 | 9.6667 | 9.0000 | 9.9333 | 0.092 | 8.8076 | 0.5280 
29 | 9.6667 | 8.3716 |10.0000 | 9.934 | 9.3333 | 0.072 | 0.034 {10.0707 |10.0000 |10.0000 | 9.3333 |10.2667 | 0.092 | 9.1267 | 0.5280 
30 |10.0000 | 8.6603 |10.3333 | 10.267 | 9.6667 | 0.072 | 0.034 |10.4040 |10.3333 |10.3333 | 9.6667 |10.6000 | 0.092 | 9.4743 | 0.5280 
31 |10.3333 | 8.9489 |10.6667 | 10.601 |10.0000 | 0.073 | 0.034 /|10.7373 10.6667 |10.6667 |10.0000 |10.9333 | 0.093 | 9.7943 | 0.5280 
32 {10.6667 | 9.2376 |11.0000 | 10.934 |10.3333 | 0.073 | 0.034 [11.0707 |11.0000 |11.0000 /10.3333 |11.2667 | 0.093 {10.1409 | 0.5280 
33 /11.0000 | 9.5263 |11.3333 | 11.267 |10.6667 | 0.073 | 0.034 {11.4040 |11.3333 |11.3333 10.6667 |11.6000 | 0.093 |10.4618 | 0.5280 
34 {11.3333 | 9.8150 |11.6667 | 11.601 |11.0000 | 0.073 | 0.034 /11.7373 |11.6667 |11.6667 |11.0000 |11.9333 | 0.093 |10.8075 | 0.5280 
35 |11.6667 10.1036 (12.0000 | 11.932 /11.3333 | 0.073 | 0.035 /12.0707 |12.0000 |12.0000 |11.3333 12.2667 | 0.094 /11.1294 | 0.5281 
36 {12.0000 /10.3923 12.3333 | 12.265 |11.6667 | 0.073 | 0.035 |12.4040 |12.3333,|12.3333 |11.6667 12.6000 | 0.094 |11.4744 | 0.5281 
37 |12.3333 |10.6810 |12.6667 | 12.599 |12.0000 | 0.073 | 0.035 |12.7878 |12.6667 |12.6667 12.0000 |12.9333 | 0.094 /11.7967 | 0.5281 
38 (12.6667 10.9697 |13.0000 | 12.932 |12.3333 | 0.073 | 0.035 {13.0707 |13.0000 |13.0000 |12.3333 |13.2667 | 0.094 {12.1411 | 0.5291 
39 |13.0000 |11.2583 |13.3333 | 13.265 |12.6667 | 0.074 | 0.035 |13.4040 |13.3333 |13.3333 |12.6667 |13.6000 | 0.094 |12.4640 | 0.5281 
40 |13.3333 )11.5470 /13.6667 | 13.599 |13.0000 | 0.074 | 0.035 |13.7373 |13.6667 |13.6667 |13.0000 |13.9333 | 0.094 /12.8078 | 0.5281 
41 |13.6667 |11.8357 |14.0000 | 13.932 13.3333 | 0.074 | 0.035 (14.0707 |14.0000 14.0000 |13.3333 14.2667 | 0.095 {13.1312 | 0.5281 
42 |14.0000 |12.1244 |14.3333 | 14.265 |13.6667 | 0.074 | 0.035 |14.4040 |14.3333 |14.3383 |13.6667 |14.6000 | 0.095 (13.4747 | 0.5282 
43 |14.3333 |12.4180 [14.6667 | 14.599 |14.0000 | 0.074 | 0.035 14.7373 |14.6667 |14.6667 14.0000 14.9333 | 0.095 13.7985 | 0.5282 
44 (14.6667 12.7017 (15.0000 | 14.932 |14.3333 | 0.074 | 0.035 (15.0707 |15.0000 |15.0000 14.3333 15.2667 | 0.095 14.1414 | 0.5282 
45 |15.0000 |12.9904 |15.3333 | 15.266 |14.6667 0.074 | 0.035 [15.4040 (15.3333 |15.3333 14.6667 15.6000 | 0.095 14.4656 | 0.5282 
46 |15.3333 |13.2791 |15.6667 | 15.597 |15.0000 | 0.074 | 0.036 |15.7373 |15.6667 |15.6667 15.0000 15.9333 | 0.095 /14.8080 | 0.5282 
47 |15.6667 |13.5677 |16.0000 | 15.930 |15.3333 | 0.074 | 0.036 (16.0707 |16.0000 |16.0000 |15.3333 |16.2667 | 0.095 |15.1326 | 0.5282 
48 |16.0000 |13.8564 |16.3333 | 16.264 15.6667 | 0.074 | 0.036 |16.4040 |16.3333 |16.3333 |15.6667 |16.6000 | 0.095 15.4747 | 0.5282 
49 |16.3333 |14.1451 |16.6667 | 16.597 |16.0000 | 0.074 | 0.036 |16.7873 |16.6667 |16.6667 |16.0000 |16.9333 | 0.095 |15.7996 | 0.5282 
50 |16.6667 |14.4338 |17.0000 | 16.930 |16.3333 | 0.074 | 0.036 |17.0707 17.0000 [17.0000 16.3333 17.2667 | 0.095 16.1415 | 0.5283 


* The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating process 

© If this dimension is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
the ee capP ued. 
0001 X diameter (Col 4). 

ir jee minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth 
Allowance errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When an wenene for lead errors must be 
wade, add 60% of the lead error to this dimension (see Table 27). 


INVOLUTE SPLINES 495 


TABLE 7b—3/6 Diametral Pitch, External 


46 |15.6652|15.6666|15.6690| 0.080} 0.036)14.9293] 0.033] 0.022/15.6667|14.7333) 0. 105/15. 0000\16.3260/16 . 3301/16. 3345/0. 5185|0. 5210/0. 5237 
47 |15.9985}15.9999|16. 0024) 0.080} 0.036/15.2627| 0.033] 0.022/16.0000|15.0067| 0. 105|15.3333)/16 6506/16 .6547|16 6591/0. 5185/0. 5210/0.5237 
48 |16.3318/16.3332/16.3357| 0.080] 0.036/15.5960] 0.033] 0.022/16.3333|15.4000] 0. 105/15. 6667/16 9931/16 .9972|17 .0016|0.5185)0.5210)0. 5237 
49 |16.6652|16.6666|16.6691| 0.080] 0.036/15.9293] 0.033] 0.022/16.6667|15. 7333] 0.105/16.0000|17.3180/17 .3221)17 .3265|0.5185|0.5210)/0. 5237 


50 |16.9985|16.9999/17.0025| 0.080] 0.036|16.2627| 0.033| 0.022]17.0000|16.0667| 0. 105|16. 3333/17 .6600|17 .6641|17 . 6685/0. 5184|0. 5209)0. 5236 


* 3/6 Diametral Pitch Addendum (Basic), 0.1667 | Circular Pitch, 1.0472 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.6400 
EXTERNAL F 
Major-diameter fit® Fillet root® | hei for all fits 
Flat-root side fit ptf Tooth Wiseeness 
Major diameter og egy Minor-diam ee ‘ : oe | ae | re 
Minor fillet Major | Minor | Fil .| TIF ee to eke oveepias 
diam Seis diame diam rad diam i Max effective 
elt Cl II Cl Til Dim Ht Rad Ht CLA C1B ClC | 0.5231 | 0.5251 | 0.5278 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 2 30 31 oe 33 
+0.0000 | 40.0000 | +0.0009 Sin ; : 921) Rie seilibhgns 
ee yey Fecha App Min ae App Max cies Bee Min! Max Min | Min Min Min dimensional® 
2.3318} 2.3332) 2.3343] 0.076) 0.030] 1.5960} 0.057) 0.056) 2.3333] 1.4000) — 1.7421) 2.9490) 2.9523) 2.9558/0.5188)/0.5213)0.5240 
2.6652) 2.6666) 2.6677] 0.077| 0.031] 1.9293] 0.050} 0.050] 2.6667} 1.7333) — | 2.0307) 3.2210] 3.2243) 3.2278]/0.5188]/0.5213|0.5240 
2.9985} 2.9999) 3.0011] 0.077| 0.032} 2.2627] 0.047) 0.046] 3.0000} 2.0667] 0.135] 2.3633] 3.6250] 3.6284! 3.6320/0.5188/0.5213/0.5240 
3.3318] 3.3332) 3.3344] 0.077] 0.032} 2.5960] 0.043) 0.042] 3.3333] 2.4000] 0.124) 2.6667) 3.9113] 3.9147] 3.9183/0.5188/0.521310.5240 
3.6652) 3.6666} 3.6678] 0.078] 0.033] 2.9293] 0.040} 0.040} 3.6667| 2.7333] 0.122) 3.0000) 4.2981] 4.3016] 4.305410.5188/0.5213/0.5240 
3.9985) 3.9999] 4.0012/ 0.078] 0.033] 3.2627) 0.039} 0.038) 4.0000) 3.0667) 0.120] 3.3333) 4.5933) 4.5969] 4.6007/0.518810.5213/0. 5240 
4.3318} 4.3332] 4.3345) 0.078) 0.033] 3.5960] 0.037] 0.036) 4.3333] 3.4000} 0.119] 3.6667) 4.9696] 4.9732] 4.9771/0.5188|0.5213\0.5240 
4.6652} 4.6666] 4.6679] 0.078) 0.033) 3.9293} 0.036} 0.034] 4.6667) 3.7333] 0.117] 4.0000) 5.2709} 5.2745} 5.2784/0.5188/0.5213|0.5240 
4.9985] 4.9999] 5.0013] 0.078) 0.034) 4.2627] 0.035] 0.033] 5.0000) 4.0667} 0.116) 4.3833) 5.6401] 5.6437] 5.6477/0.5188/0.5213|0.5240 
5.3318} 5.3332! 5.3346] 0.079) 0.034] 4.5960} 0.034) 0.032) 5.3333) 4.4000} 0.115] 4.6667| 5.9457) 5.9494] 5.9534/0.5188/0.5213|0.5240 
5.6652) 5.6666) 5.6680] 0.079) 0.034) 4.9293] 0.033) 0.031] 5.6667] 4.7333] 0.114} 5.0000) 6.3098] 6.3135] 6.3175/0.5188/0.5213/0.5240 
5.9985) 5.9999) 6.0014) 0.079} 0.034) 5.2627) 0.033) 0.030) 6.0000} 5.0667} 0.114| 5.3333) 6.6186] 6.6223] 6.6263/0.5187/0.5212/0.5239 
6.3318} 6.3332] 6.3347| 0.079} 0.034) 5.5960} 0.033} 0.0380) 6.3333) 5.4000} 0.113} 5.6667| 6.9787) 6.9825] 6.9866]0.5187/0.5212|0.5239 
6.6652} 6.6666) 6.6681) 0.079) 0.034} 5.9293) 0.033) 0.029) 6.6667) 5.7333] 0.112} 6.0000} 7.2904] 7.2942] 7.2983/0.5187/0.5212/0. 5239 
6.9985} 6.9999) 7.0015) 0.079} 0.035] 6.2627) 0.033] 0.028) 7.0000) 6.0667} 0.112} 6.3333] 7.6475} 7.6513] 7.6555/0. 5187/0. 5212/0. 5239 
i | 21 | 7.3318} 7.3332] 7.3348] 0.079] 0.035) 6.5960} 0.033] 0.028] 7.3333) 6.4000] 0.111] 6.6667 7.9612) 7.9650) 7.9692/0.5187|0.5212/0.5239 
he 22 | 7.6652) 7.6666] 7.6682! 0.079) 0.035] 6.9293) 0.033} 0.027| 7.6667) 6.7333) 0.111] 7.0000) 8.3160) 8.3198) 8.3240|0.5187|0.5212/0.5239 
i 23 | 7.9985} 7.9999} 8.0016) 0.079) 0.035] 7.2627] 0.033] 0.027) 8.0000} 7.0667] 0.110) 7.3333) 8.6313) 8.6352) 8.639410. 5187/0..5212|0.5239 
i 24 | 8.3318] 8.3332) 8.3349] 0.079} 0.035) 7.5960} 0.033] 0.027) 8.3333] 7.4000} 0.110} 7.6667| 8.9841) 8.9880] 8.9922/0.5187|0.5212/0.5239 
25 | 8.6652! 8.6666) 8.6683] 0.079] 0.035] 7.9293] 0.033) 0.026} 8.6667] 7.7333) 0.109 8.0000/ 9.8010) 9.3049} 9.8091/0.5187)/0.5212/0.5239 
| 26 | 8.9985) 8.9999} 9.0017] 0.079) 0.035) 8.2627) 0.033) 0.026] 9.0000) 8.0667) 0.109) 8.3333) 9.6521) 9.6561] 9.6603/0.5187|0.5212}0.5239 
| 27 | 9.3318) 9.3332) 9.3350] 0.080) 0.035} 8.5960) 0.033] 0.026) 9.3333} 8.4000] 0.109] 8.6667| 9.9702) 9.9742} 9.9784/0.5187/0. 521210. 5239 
| 28 | 9.6652} 9.6666) 9.6684) 0.080) 0.035) 8.9293] 0.033] 0.025] 9.6667| 8.7333] 0.109} 9.0000) 10.3197/10.3237|10. 3279/0. 5186/0.5211)0. 5238 
Ha) 29 | 9.9985) 9.9999|10.0018] 0.080) 0.035) 9.2627) 0.033) 0.025)10.0000) 9.0667) 0.108] 9.3333)10.6389)10.6429|10.6471|0.5186)0. 52110. 5238 
I 30 |10.3318}10.3332/10.3351) 0.080} 0.035) 9.5960] 0.033] 0.025)10.3333] 9.4000) 0.108] 9.6667/10.9875)/10. 991510. 9957|0. 51860. 5211/0. 5238 
| 31 |10.6652/10.6666)10.6685) 0.080) 0.035} 9.9293] 0.033} 0.025)10.6667| 9.7333] 0.108/10.0000|11 .3076)11.3115)11.3158]/0. 5186/0. 5211/0. 5238 
| 32 |10.9985|10.9999]11.0019) 0.080) 0.03510. 2627) 0.033} 0.024}11.0000)10.0667) 0.108)10.3333)11 .6551]11.6590)11. 6633/0. 5196)0. 52110. 5238 
| 33 |11.3318}11.3332|11.3352) 0.080) 0.035]10. 5960} 0.033} 0.024/11.3333}10.4000} 0.107/10.6667\11. 9760|11 .9799}11 .9842)/0. 5186)0.5211|0. 5238 
i 34 |11.6652/11.6666]11.6686] 0.080} 0.035/10.9293] 0.083) 0.024/11.6667|10. 7333) 0.107|11.0000)12.3225)12.3265]12.3308|0. 5186/0. 5211/0. 5238 
| 35 |11. 9985/11 .9999|12.0020} 0.080} 0.035]11.2627} 0.033) 0.024/12.0000|11.0667) 0.107/11.3333)12.6442/12.6482/12.6525|0. 5186|0. 5211/0. 5238 
| 36 |12.3318]12.3332|/12.3353] 0.080) 0.035/11.5960| 0.033) 0.024/12.3333]11.4000} 0.107/11.6667|12. 9900/12. 9940|12. 9983/0 .5186/0.5211|0.5238 
i 37 |12.6652/12.6666)12.6687| 0.080} 0.036/11.9293] 0.033) 0.023]12.6667|11. 7333) 0.107/12.0000|13.3122/18.3162]13 .3205|0. 5186/0. 5211|0. 5238 
88 |12.9985]12.9999/13.0021| 0.080) 0.036]/12. 2627) 0.033} 0.023]/13.0000/12.0667| 0.106]12.3333/13 .6573)13 .6613/13.6656/0. 5186)0.5211/0. 52388 
39 |13.3318]13.3332/13.3354| 0.080] 0.036/12.5960} 0.033] 0.023]13.3333/12.4000) 0.106/12.6667|13. 9800/13 . 9840]13 . 9884|0. 5185/0. 5210)0. 5237 
40 |13.6652/13.6666/13.6688} 0.080|-0.036]12.9293] 0.033} 0.023)13.6667|12. 7333] 0.106|13.0000|14.3245)14.3285)14. 3329/0. 5185/0. 5210/0. 5237 
@ 41 |13.9985|13.9999]14.0022| 0.080} 0.036|/13.2627| 0.033] 0.023/14.0000|13.0667| 0.106|13.3333)14.6478/14.6518/14.6562|0.5185|0. 5210|0. 5237 
ij 42 |14.3318]14.3332]14.3355] 0.080] 0.036/13.5960] 0.033] 0 023|14.3333/13.4000| 0.006/13.6667/14.9917|14.9957/15.0001/0. 5185|0.5210/0. 5237 
iy 43 |14.6652|14.6666]/14. 6689] 0.080] 0.036/13.9293] 0.033] 0.023|14.6667|13.7333| 0.106/14.0000)15.3155|15.3195/15. 3239/0. 5185/0.5210/0.5237 
44 |14,9985]14.9999]15.0023] 0.080] 0.036]14.2627| 0.033] 0.023|15.0000/14.0667| 0.106/14.3333/15.6588/15.6629|15.6673/0. 51850. 5210/0. 5237 
45 |15.3318|15.3332|15.3356] 0.080} 0.036/14.5960] 0.033} 0.022/15.3333]14.4000] 0. 105/14. 6667|15.9830)15.9871]15.9915|0. 5185/0. 5210\0. 5237 
0 
0 
0 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specificially agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 
- © This may be used for a major-diameter fit-by using dimension in Col 16, 17, or 18 instead of that in Col 24. 
4 When Col 9B is used for the internal spline, reduce this dimension as covered in Table 7a, footnote c. 
© J = 0.0002 X diameter (Col 24). : : x 
Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. ; 
® Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 


INVOLUTE SPLINES 


TABLE 8a—4/8 Diametral Pitch, Internal 


4/8 Diametral Pitch 
Pressure Angle, 30° 


Addendum (Basic), 0.1250 
Dedendum (See Sec 6) 


Circular Pitch, 0.7854 
Meas-Pin Diam, 0.3600 


INTERNAL AND EXTERNAL 


INTERNAL 


Major-diameter fit | Fillet-root side fit All fits 
Flat-Root Side Fit S ce 
S ss : M widt 
yr eee get peed TIF Major-diam fillet Major diam Minor | Major | Fillet mde 
a) diam, is = diam Minor ee diam diam rad bese: Min 

* Rad Ht deaea | dedeae ¥ “03927 

1 2 A 4 5 6 7 8 9A 9B 10 il 12 13 14 15 

-++-0.0007 & 
.0007 D S 
Regma, | pad | atin | A888 | Ame | ates | £36003 | tos | Min | Hphi6 | Ses | Mae | Mex | ste 
i + L) 

6 | 1.5000 | 1.2991 | 1.7500 1.725 | 1.3091 | 0.086 | 0.013 | 1.8040 | 1.7500 | 1.7500 | 1.3091 | 1.9500 | 0.038 | 1.1055 | 0.3965 
7 | 1.7500 | 1.5156 | 2.0000 1.977 | 1.5256 | 0.040 | 0.015 | 2.0540 | 2.0000 | 2.0000 | 1.5256 | 2.2000 | 0.046 | 1.3127 | 0.3965 
8 | 2.0000 | 1.7321 | 2.2500 | 2.219 | 1.7700 | 0.042 | 0.016 | 2.3040 | 2.2500 | 2.2500 | 1.7700 | 2.4500 | 0.050 | 1.6059 | 0.3965 
9 | 2.2500 | 1.9486 | 2.5000 | 2.465 | 2.0000 | 0.044 | 0.018 | 2.5540 | 2.5000 | 2.5000 | 2.0000 }-2-7000 | 0.052 | 1.8224 | 0.3965 
10 | 2.5000 | 2.1651 | 2.7500 | 2.713 | 2.2500 | 0.046 | 0.019 | 2.8040 | 2.7500 | 2.7500-|2.2500 | 2.9500 | 0.055 | 2.1061 | 0.3965 
11 | 2.7500 | 2.3816 | 3.0000 | 2.961 | 2.5000 | 0.047 | 0.020 | 3.0540 | 3.0000 | 3.0000 | 2.5000 | 3.2000 | 0.057 | 2.3285 | 0.3965 
12 | 3.0000 | 2.5981 | 3.2500 | 8.211 | 2.7500 | 0.048 | 0.020 | 3.3040 | 3.2500 | 3.2500 | 2.7500 | 3.4500 | 0.059 | 2.6062 | 0.3965 
13 | 3.2500 | 2.8146 | 3.5000 | 3.459 | 3.0000 | 0.049 | 0.021 | 3.5540 | 3.5000 | 3.5000 | 3.0000 | 3.7000 | 0.060 | 2.8328 | 0.3965 
14 | 3.5000 | 3.0311 | 3.7500 | 3.707 | 3.2500 | 0.050 | 0.022 | 3.8040 | 3.7500 | 3.7500 | 3.2500 | 3.9500 | 0.061 | 3.1063 | 0.3965 
15 | 3.7500 | 3.2476 | 4.0000 | 3.957 | 3.5000 | 0.050 | 0.022 | 4.0540 | 4.0000 | 4.0000 | 3.5000 | 4.2000 | 0.062 | 3.3360 | 0.3965 
16 | 4.0000 | 3.4641 | 4.2500 | 4.207 | 3.7500 | 0.051 0.022 | 4.3040 | 4.2500 | 4.2500 | 3.7500 | 4.4500 | 0.063 | 3.6066 | 0.3966 
17 | 4.2500 | 3.6806 | 4.5000 | 4.455 | 4.0000 | 0.051 0.023 | 4.5540 | 4.5000 | 4.5000 | 4.0000 | 4.7000 | 0.064 | 3.8385 | 0.3966 
18 | 4.5000 | 3.8971 | 4.7500 | 4.705 | 4.2500 | 0.052 | 0.023 | 4.8040 | 4.7500 | 4.7500 | 4.2500 | 4.9500 | 0.065 | 4.1065 | 0.3966 
19 | 4.7500 | 4.11386.) 5.0000 | 4.955 | 4.5000 | 0.052 | 0.023 | 5.0540 | 5.0000 | 5.0000 | 4.5000 | 5.2000 | 0.065 | 4.3405 | 0.3966 
20 | 5.0000 | 4.3801 | 5.2500 | 5.203 | 4.7500 | 0.052 | 0.024 | 5.3040 | 5.2500 | 5.2500 | 4.7500 | 5.4500 | 0.066 | 4.6066 | 0.3966 
21 | 5.2500 | 4.5466 | 5.5000 | 5.453 | 5.0000 | 0.053 | 0.024 | 5.5540 | 5.5000 | 5.5000 | 5.0000 | 5.7000 | 0.066 | 4.8420 | 0.3966 
22 | 5.5000 | 4.7632 | 5.7500 | 5.703 | 5.2500 | 0.053 | 0.024 | 5.8040 | 5.7500 | 5.7500 | 5.2500 | 5.9500 | 0.067 | 5.1066 | 0.3966 
23 | 5.7500 | 4.9797 | 6.0000 | 5.953 | 5.5000 | 0.053 | 0.024 | 6.0540 | 6.0000 | 6.0000 | 5.5000 | 6.2000 | 0.067 | 5.3483 | 0.3966 
24 | 6.0000 | 5.1962 | 6.2500 | 6.201 | 5.7500 | 0.053 | 0.025 | 6.3040 | 6.2500 | 6.2500 | 5.7500 | 6.4500 | 0.068 | 5.6067 | 0.3966 
25 | 6.2500 | 5.4127 | 6.5000 6.451 | 6.0000 | 0.054 | 0.025 | 6.5540 | 6.5000 | 6.5000 | 6.0000 | 6.7000 | 0.068 | 5.8444 | 0.3966 
26 | 6.5000 | 5.6292 | 6.7500 | 6.701 | 6.2500 | 0.054 | 0.025 | 6.8040 | 6.7500 | 6.7500 | 6.2500 | 6.9500 | 0.068 | 6.1067 | 0.3966 
27 | 6.7500 | 5.8457 | 7.0000 6.951 | 6.5000 | 0.054 | 0.025 | 7.0540 | 7.0000 | 7.0000 | 6.5000 | 7.2000 | 0.069 | 6.3458 | 0.3967 
28 | 7.0000 | 6.0622 | 7.2500 | 7.201 | 6.7500 | 0.054 | 0.025 | 7.3040 | 7.2500 | 7.2500 | 6.7500 | 7.4500 | 0.069 | 6.6069 | 0.3967 
29 | 7.2500 | 6.2787 | 7.5000 7.451 | 7.0000 | 0.054 | 0.025 | 7.5540 | 7.5000 | 7.5000 | 7.0000 | 7.7000 | 0.069 | 6.8464 | 0.3967 
30 | 7.5000 | 6.4952 | 7.7500 7.702 | 7.2500 | 0.054 | 0.025 | 7.8040 | 7.7500 | 7.7500 | 7.2500 | 7.9500 | 0.070 | 7.1069 | 0.3967 
31 | 7.7500 | 6.7117 | 8.0000 7.950 | 7.5000 | 0.054 | 0.026 | 8.0540 | 8.0000 | 8.0000 | 7.5000 | 8.2000 | 0.070 | 7.3470 | 0.3967 
32 | 8.0000 | 6.9282 | 8.2500 8.200 | 7.7500 | 0.055 | 0.026 | 8.3040 | 8.2500 | 8.2500 | 7.7500 | 8.4500 | 0.070 | 7.6069 | 0.3967 
33 | 8.2500 | 7.1447 | 8.5000 8.450 | 8.0000 | 0.055 0.026 | 8.5540 | 8.5000 | 8.5000 | 8.0000 | 8.7000 | 0.071 | 7.8476 | 0.3967 
34 | 8.6000 | 7.3612 | 8.7500 | 8.700 | 8.2500 | 0.055 | 0.026 | 8.8040 | 8.7500 | 8.7500 | 8.2500 | 8.9500 | 0 071 | 8.1069 | 0.3967 
35 | 8.7500 | 7.5777 | 9.0000 | 8.950 | 8.5000 | 0.055 | 0.026 | 9.0540 | 9.0000 | 9.0000 | 8.5000 | 9.2000 | 0.071 | 8.3481 | 0.3967 
36 | 9.0000 | 7.7942 | 9.2500 | 9.200 | 8.7500 | 0.055 | 0.026 | 9.3040 | 9.2500 | 9.2500 | 8.7500 | 9.4500 | 0.071 | 8.6069 | 0.3967 
37 | 9.2500 | 8.0107 | 9.5000 | 9.450 | 9.0000 | 0.055 | 0.026 | 9.5540 | 9.5000 | 9.5000 | 9.0000 | 9.7000 | 0.071 | 8.8488 | 0.3968 
38 | 9.5000 | 8.2273 | 9.7500 | 9.700 | 9.2500 | 0.055 | 0.026 | 9.8040 | 9.7500 | 9.7500 | 9.2500 | 9.9500 | 0.072 | 9.1071 | 0.3968 
39 | 9.7500 | 8.4438 (10.0000 | 9.950 | 9.5000 | 0.055 | 0.026 {10.0540 10.0000 ‘10.0000 | 9.5000 |10.2000 | 0. 072 | 9.3493 | 0.3968 
40 |10.0000 | 8.6603 |10.2500 | 10.200 | 9.7500 | 0.055 | 0.026 (10.3040 10.2500 |10.2500 | 9.7500 |10.4500 | 0.072 | 9.6071 | 0.3968 
41 |10.2500 | 8.8768 |10.5000 | 10.450 |10.0000 | 0.055 | 0.026 |10.5540 |10.5000 |10.5000 10.0000 |10.7000 | 0.072 | 9.8497 | 0.3968 
42 /10.5000 | 9.0933 10.7500 | 10.700 |10.2500 | 0.055 | 0.026 |10.8040 10.7500 |10.7500 |10.2500 10.9500 | 0.072 10.1071 | 0.3968 
43 |10.7500 | 9.3098 11.0000 | 10.950 |10.5000 | 0.055 | 0.026 |11.0540 (11.0000 11.0000 |10.5000 !11.2000 | 0.072 (10.3500 | 0.3968 
44 (11.0000 | 9.5263 /11.2500 | 11.198 |10.7500 | 0.056 | 0.027 |11.3040 \11.2500 \11.2500 |10.7500 11.4500 | 0.072 |10.6072 | 0.3968 
45 |11.2500 | 9.7428 11.5000 | 11.448 |11.0000 | 0.056 | 0.027 |11.5540 11.5000 /11.5000 |11.0000 11.7000 | 0.072 {10.8503 | 0.3968 
46 |11.5000 | 9.9593 |11.7500 | 11.698 |11.2500 | 0.056 | 0.027 {11.8040 111.7500 |11.7500 |11.2500 |11.9500 | 0.072 /11.1072 | 0.3968 
47 |11.7500 |10.1758 |12.0000 | 11.948 |11.5000 | 0.056 | 0.027 |12.0540 |12.0000 |12.0000 |11.5000 |12.2000 | 0.072 {11.3507 | 0.3969 
48 |12.0000 |10.3923 (12.2500 | 12.198 |11.7500 | 0.056 | 0.027 |12.3040 /12.2500 |12.2500 |11.7500 |12.4500 | 0.072 |11.6073 0.3969 
49 |12.2500 |10.6088 |12.5000 | 12.448 |12.0000 | 0.056 | 0.027 /|12.5540 |12.5000 |12.5000 |12.0000 |12.7000 | 0.072 |11.8510 | 0.3969 
50 |12.5000 |10.8253 |12.7500 | 12.698 |12.2500 | 0.056 | 0.027 /12.8040 |12.7500 {12.7500 |12.2500 |12.9500 | 0.072 |12.1073 | 0.3969 


- The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating process 
° If this dimension is used, the dimension in 


the chamfer applied. 
47, = 0.0001 X diameter (Col 4). 


6 


made, add 60% of the lead error to this dimension (see Table 27). 


; Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 


Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 


INVOLUTE SPLINES 


TABLE 8b—4/8 Diametral Pitch, External* 


49) 


4/8 Diametral Pitch 
Pressure Angle, 30° 


Addendum (Basic), 0.1250 
Dedendum (See Sec 6) 


Circular Pitch, 0.7854 
Meas-Pin Diam, 0.4800 


EXTERNAL 


Major-diameter fit® Fillet root® | Dimensions for all fits 
Flat-root side fit Tooth thickness 
a Pas Major-diam 
N Major diameter pode anne cia | ciB | cic 
c T we Sas Major ree Fil TIF Measurement over pins ce is | 
diam diam diam rad diam ax elfective 
18) gi § CL II Cl Til Dim Ht Rad Ht ClA Cl1B CLC 0.3922 | 0.3942 | 0.3963 
1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
+0.0000 | +0.0000 | +0.000! 

Bee =(0.0019/ —(0.906] + J* | App | Min thom | App | Max | +0-0000 | 0.0000 | Minf | Max | Min | Min | Min Min dimensional® 
6 | 1.7485) 1.7499] 1.7510} 0.057} 0.023) 1.1960] 0.048) 0.042) 1.7500) 1.0500) — 1.3091} 2.2109} 2.2142) 2.2169/0.3884/0.3909/0.3930 
7 | 1.9985) 1.9999) 2.0010} 0.057} 0.023] 1.4460} 0.038} 0.038} 2.0000} 1.3000} — 1.5256] 2.4148] 2.4180] 2.4208/0.3883/0.3908/0.3929 
8 | 2.2485) 2.2499) 2.2510} 0.057} 0.024] 1.6960) 0.035) 0.034) 2.2500} 1.5500} 0.100} 1.7700) 2.7176) 2.7210] 2.7239/0.3883]/0.3908|0. 3929 
9 | 2.4985) 2.4999} 2.5011} 0.058) 0.024) 1.9460) 0.033} 0.032} 2.5000} 1.8000} 0.093) 2.0000) 2.9324) 2.9358] 2.9387/0.3883/0.3908/0.3929 
10 | 2.7485) 2.7499] 2.7511) 0.058) 0.024) 2.1960} 0.030} 0.030} 2.7500) 2.0500] 0.091) 2.2500} 3.2224) 3.2259} 3.2289/0.3883/0.390810.3929 
11 | 2.9985) 2.9999} 3.0011] 0.058) 0.025} 2.4460} 0.029) 0.028} 3.0000) 2.3000) 0.090} 2.5000] 3.4439] 3.4474] 3.4504/0.3883/0.3908/0.3929 
12 | 3.2485) 3.2499} 3.2511) 0.058} 0.025) 2.6960) 0.028) 0.027) 3.2500} 2.5500; 0.089} 2.7500) 3.7261) 3.7297) 3.7327/0.3883/0.3908/0.3929 
13 | 3.4985) 3.4999} 3.5012) 0.059) 0.025) 2.9460) 0.027] 0.026} 3.5000} 2.8000) 0.088) 3.0000) 3.9521] 3.9557} 3.9587/0.3883/0.3908|0.3929 
14 | 3.7485) 3.7499) 3.7512) 0.059} 0.025) 3.1960} 0.026] 0.025) 3.7500) 3.0500) 0.087] 3.2500} 4.2288] 4.2325) 4.2356|0.3883/0.3908]9.3929 
15 | 3.9985) 3.9999} 4.0012} 0.059} 0.025} 3.4460) 0.026) 0.024] 4.0000) 3.3000} 0.086} 3.5000) 4.4581) 4.4618] 4.4649|0.3883]/0.3908/0.3929 
16 | 4.2485) 4.2499) 4.2512) 0.059] 0.025) 3.6960] 0.025) 0.023) 4.2500) 3.5500} 0.085} 3.7500] 4.7311] 4.7349] 4.7380|0.3883]0.3908]/0.3929 
17 | 4.4985) 4.4999) 4.5013} 0.059) 0.026) 3.9460) 0.025) 0.023} 4.5000} 3.8000} 0.085) 4.0000] 4.9629] 4.9667} 4.9698|0.3883/0.3908|0.3929 
18 | 4.7485) 4.7499) 4.7513) 0.059} 0.026) 4.1960) 0.025} 0.022) 4.7500) 4.0500} 0.084] 4.2500] 5.2330) 5.2367] 5.2399|0.3883]0.3908/0.3929 
19 | 4.9985) 4.9999} 5.0013) 0.059) 0.026] 4.4460} 0.025) 0.022) 5.0000} 4.3000) 0.084} 4.5000) 5.4667) 5.4705] 5.4737/0.3883|0.3908|0.3929 
20 | 5.2485) 5.2499) 5.2513} 0.059] 0.026} 4.6960} 0.025] 0.021) 5.2500) 4.5500) 0.083] 4.7500} 5.7345] 5.7383} 5.7415|0.3883|0.3908|0. 3939 
21 | 5.4985) 5.4999] 5.5014) 0.059} 0.026) 4.9460) 0.025} 0.021} 5.5000) 4.8000) 0.083} 5.0000) 5.9697) 5.9735] 5.9768|0.3882|0.3907|0.3928 
22 | 5.7485) 5.7499) 5.7514] 0.059).0.026) 5.1960} 0.025) 0.021) 5.7500} 5.0500} 0.083) 5.2500] 6.2357] 6.2395] 6.2428/0.3882/0.3907/0.3928 
23 | 5.9985) 5.9999) 6.0014) 0.060) 0.026) 5.4460} 0.025] 0.020) 6.0000} 5.3000) 0.082} 5.5000} 6.4723; 6.4761] 6.4794/0.3882|0.3907|0.3928 
24 | 6.2485) 6.2499} 6.2514| 0.060} 0.026) 5.6960} 0.025) 0.020) 6.2500) 5.5500} 0.082) 5.7500] 6.7368] 6.7407| 6.7440/0.3882)0.3907|0. 3928 
25 | 6.4985) 6.4999] 6.5015] 0.060) 0.026) 5.9460} 0.025] 0.020] 6.5000} 5.8000} 0.082} 6.0000] 6.9745] 6.9784] 6.9817|0.3882/0.3907/0.3928 
26 | 6.7485) 6.7499] 6.7515) 0.060} 0.026] 6.1960} 0.025) 0.019] 6.7500) 6.0500) 0.081] 6.2500} 7.2378] 7.2417] 7.2450)0.3882|/0.3907|0.3928 
27 | 6.9985) 6.9999) 7.0015] 0.060) 0.026) 6.4460) 0.025) 0.019} 7.0000} 6.3000} 0.081} 6.5000) 7.4764| 7.4803] 7.4836|0.3882|0.3907/0.3928 
28 | 7.2485) 7.2499) 7.2515} 0.060) 0.026) 6.6960} 0.025) 0.019] 7.2500} 6.5500} 0.081} 6.7500} 7.7386] 7.7426] 7.7459|0.3882)/0.3907/0.3928 
29 | 7.4985) 7.4999) 7.5016} 0.060} 0.026) 6.9460} 0.025] 0.019) 7.5000) 6.8000} 0.081} 7.0000} 7.9780] 7.9820} 7.9853]0.3882/0.3907|0.3928 
30 | 7.7485) 7.7499) 7.7516} 0.060) 0.026) 7.1960} 0.025) 0.019) 7.7500) 7.0500} 0.081] 7.2500} 8.2395] 8.2434] 8.2468]0.3882/0.3907|0. 3928 
31 | 7.9985) 7.9999) 8.0016] 0.060) 0.026} 7.4460} 0.025) 0.018} 8.0000} 7.3000) 0.080} 7.5000] 8.4795) 8.4834] 8.4868/0.3882/0.3907|0.3928 
32 | 8.2485) 8.2499} 8.2516} 0.060} 0.027) 7.6960) 0.025) 0.018] 8.2500] 7.5500} 0.080} 7.7500} 8.7402) 8.7441] 8.7475/0.3882/0.3907|/0.3928 
33 | 8.4985} 8.4999} 8.5017| 0.060] 0.027| 7.9460) 0.025] 0.018} 8.5000) 7.8000) 0.080} 8.0000) 8.9808] 8.9847} 8.9881/0.3882|0.3907)/0.3928 
34 | 8.7485] 8.7499] 8.7517| 0.060} 0.027] 8.1960) 0.025) 0.018) 8.7500} 8.0500] 0.080} 8.2500] 9.2407) 9.2447) 9.2481/0.3882/0.3907|0.3928 
35 | 8.9985) 8.9999) 9.0017) 0.060) 0.027) 8.4460} 0.025] 0.018} 9.0000] 8.3000) 0.080) 8.5000) 9.4818] 9.4857} 9.4891/0.3881/0.3906/0. 3927 
36 | 9.2485) 9.2499) 9.2517) 0.060} 0.027| 8.6960} 0.025) 0.018} 9.2500} 8.5500) 0.080} 8.7500) 9.7411) 9.7451] 9.7485/0.3881\0.3906/0.3927 
37 | 9.4985} 9.4999} 9.5018) 0.060} 0.027) 8.9460) 0.025) 0.018} 9.5000} 8.8000] 0.080} 9.0000] 9.9828) 9.9868} 9.9902/0.3881|0.3906)0.3927 
38 | 9.7485] 9.7499) 9.7518) 0.060} 0.027) 9.1960} 0.025) 0.018} 9.7500} 9.0500] 0.080} 9.2500/10.2416]10. 245610. 2490/0. 3881/0. 3906/0. 3927 
39 | 9.9985) 9.9999/10.0018) 0.060) 0.027} 9.4460} 0.025) 0.017|10.0000} 9.3000} 0.079) 9.5000/10.4837|10.4877|10.4911/0.3881}0.3906/0.3927 
40 10. 2485/10. 2499/10. 2518} 0.060) 0:027) 9.6960} 0.025) 0.017|10.2500) 9.5500} 0.079} 9.7500|10.7421|10. 7461|10. 7495|0.3881|0.3906)0.3927 
41 |10.4985/10.4999/10.5019] 0.060} 0.027) 9.9460) 0.025) 0.017|10.5000| 9.8000} 0.079/10.0000/10. 9846}10. 9886]10.9920|0.3881|0.3906|0.3927 
42 |10.7485/10.7499}10.7519) 0.060} 0.027/10. 1960) 0.025) 0.017|10.7500|10.0500) 0.079}10.2500]11 . 2425/11. 2465]11.2499|0.3881)0.3906|0.3927 
43 |10.9985|10.9999|11.0019} 0.060} 0.027)10.4460} 0.025) 0.017|11.0000)10. 3000) 0.079|10.5000)11.4854!11.4894]11.4928)/0.3881|0. 3906/0. 3927 
44 |11.2485)11.2499}11.2519] 0.060} 0.027/10.6960} 0.025] 0.017/11.2500|10.5500) 0.079|10.7500)11.7428}11.7469}11 . 7503/0. 3881/0. 3906/0 .3927 
45 |11.4985}11.4999}11.5020} 0.060} 0.027/10.9460} 0.025} 0.017/11.5000/10. 8000) 0.079|11.0000)11.9860}11 .9901/11 .9935/0.3881|0.3906)0.3927 
46 |11.7485)11.7499}11. 7520) 0.060) 0.027|11.1960} 0.025) 0.017|11.7500]11.0500} 0.079|11.2500]12. 2432/12. 2473}12.2507|0.3881)/0.3906/0.3927 
47 |11.9985}11.9999)12.0020} 0.060} 0.027|)11.4460) 0.025} 0.017/12.0000|11.3000) 0.079|11.5000|12.4867/12. 4908}12.4942/0.3881|0.3906]0.3927 
48 |12.2485)12.2499)12.2520} 0.060} 0.027/11.6960} 0.025) 0.017/12.2500/11.5500} 0.078)11.7500)12.7435)12. 7476)12.7510/0.3881/0.3906/0.3927 
49 |12.4985)12.4999|12.5021) 0.060) 0.027|11.9460) 0.025} 0.017/12.5000/11.8000} 0.078)12.0000|12.9871)12.9912)12.9946)/0.3880/0.3905)0. 3926 
50 |12.7485|12.7499/12.7521) 0.060) 0.027/12.1960} 0.025) 0.017|12.7500}12.0500| 0.078)12. 2500/13. 2437|13. 2478]13. 2512/0.3880/0.3905/0.3926 


* The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 
© This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 

4 When Col 9B is used for the internal spline, reduce this dimension as covered in Table 8a, footnote c. 
© J = 0.0002 X diameter (Col 24). é 
Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
£ Allowable errors (Table 27) except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 


498 


INVOLUTE SPLINES 


TABLE 9a—5/10 Diametral Pitch, Internal 


5/10 Diametral Pitch 
Pressure Angle, 30° 


Addendum (Basic), 0.1000 © 
Dedendum (See Sec 6) 


Circular Pitch, 0.6283 
Meas-Pin Diam, 0.2880 


INTERNAL 


INTERNAL AND EXTERNAL 


Major-diameter fit 


Fillet-root- side fit 


All fits 


Flat-Root Side Fit» 


M with 
5 . 3 f wi 
N eee sas ae iS TIF Major-diam fillet Major diam Minor Major Fillet cant — 
epee iam, basic diam Minor - TIF diam diam rad between Min 
ref diam Rad Ht Full Short diam pins effective 
deden? deden® 0.3142 
1 2 3 4 of} 6 7 8 9A 9B 10 11 12 13 14 15 
0.0007 eon Dimen- 
Recummended ) A | Minoo] FERRE |) hp [amar | PREE |ieleg| | tine | ES | eo 
ra, +1) 74 
6 | 1.2000 | 1.0392 | 1.4000 1.381 | 1.0492 | 0.029 0.010 | 1.4440 | 1.4000 | 1.4000 | 1.0492 | 1.5600 | 0.030 | 0.8859 | 0.3180 
7 | 1.4000 | 1.2124 | 1.6000 1.577 | 1.2224 | 0.032 0.012 | 1.6440 | 1.6000 | 1.6000 | 1.2224 | 1.7600 | 0.036 | 1.0505 | 0.3180 
8 | 1.6000 | 1.3856 | 1.8000 1.775 | 1.4200 | 0.034 0.013 | 1.8440 | 1.8000 | 1.8000 | 1.4200 | 1.9600 | 0.038 | 1.2861 | 0.3180 
9 | 1.8000 | 1.5588 | 2.0000 1.973 | 1.6000 | 0.036 0.014 | 2.0440 | 2.0000 | 2.0000 | 1.6000°| 2.1600 | 0.041 | 1.4593 | 0.3180 
10 | 2.0000 | 1.7321 | 2.2000 2.171 | 1.8000 | 0.037 0.015 | 2.2440 | 2.2000 |2.-2000-} 1.8000 | 2.3600 | 0.043 1.6862 | 0.3180 
11 | 2.2000 | 1.9053 | 2.4000 2.369 | 2.0000 | 0.038 0.016 | 2.4440 | 2.4000 | 2.4000 | 2.0000 | 2.5600 | 0.045 | 1.8641 | 0.3180 
12 | 2.4000 | 2.0785 | 2.6000 2.569 | 2.2000 | 0.039 0.016 | 2.6400 | 2.6000 | 2.6000 | 2.2000 | 2.7600 | 0.046 | 2.0864 | 0.3180 
13 | 2.6000 | 2.2517 | 2.8000 2.767 | 2.4000 | 0.039 0.017 | 2.8440 | 2.8000 | 2.8000 | 2.4000 | 2.9600 | 0.048 | 2.2676 | 0.3180 
14 | 2.8000 | 2.4249 | 3.0000 2.967 | 2.6000 | 0.040 0.017 | 3.0440 | 3.0000 | 3.0000 | 2.6000 | 3.1600 | 0.049 | 2.4864 | 0.3180 
15 | 3.0000 | 2.5981 | 3.2000 3.165 | 2.8000 | 0.040 0.018 | 3.2440 | 3.2000 | 3.2000 | 2.8000 | 3.3600 | 0.049 | 2.6701 | 0.3180 
16 | 3.2000 | 2.7713 | 3.4000 3.365 | 3.0000 | 0.041 0.018 | 3.4440 | 3.4000 | 3.4000 | 3.0000 | 3.5600 | 0.050 | 2.8866 | 0.3181 
17 | 3.4000 | 2.9445 | 3.6000 3.565 | 3.2000 | 0.041 0.018 | 3.6440 | 3.6000 | 3.6000 | 3.2000 | 3.7600 | 0.051 | 3.0722 | 0.3181 
18 | 3.6000 | 3.1177 | 3.8000 3.763 | 3.4000 | 0.041 0.019 | 3.8440 | 3.8000 | 3.8000 | 3.4000 | 3.9600 | 0.051 | 3.2866 | 0.3181 
19 | 3.8000 | 3.2909 | 4.0000 3.963 | 3.6000 | 0.042 0.019 | 4.0440 | 4.0000 | 4.0000 | 3.6000 | 4.1600 | 0.052 | 3.4738 | 0.3181 
20 | 4.0000 | 3.4641 | 4.2000 4.163 | 3.8000 | 0.042 0.019 | 4.2440 | 4.2000 | 4.2000 | 3.8000 | 4.3600 | 0.052 | 3.6866 | 0.3181 
21 | 4.2000 | 3.6373 | 4.4000 4.363 | 4.0000 | 0.042 0.019 | 4.4440 | 4.4000 | 4.4000 | 4.0000 | 4.5600 | 0.052 | 3.8750 | 0.3181 
22 | 4.4000 | 3.8105 | 4.6000 4.563 | 4.2000 | 0.042 0.019 | 4.6440 | 4.6000 | 4.6000 | 4.2000 | 4.7600 | 0.053 | 4.0867 | 0.3181 
23 | 4.6000 | 3.9887 | 4.8000 4.763 | 4.4000 | 0.042 0.019 | 4.8440 | 4.8000 | 4.8000 | 4.4000 | 4.9600 | 0.053 | 4.2760 | 0.3181 
24 | 4.8000 | 4.1569 | 5.0000 4.961 | 4.6000 | 0.043 0.020 | 5.0440 | 5.0000 | 5.0000 | 4.6000 | 5.1600 | 0.053 | 4.4867 | 0.3181 
25 | 5.0000 | 4.3301 | 5.2000'| 5.161 | 4.8000 | 0.043 0.020 | 5.2440 | 5.2000 | 5.2000 | 4.8000 | 5.3600 | 0.054 | 4.6769 | 0.3181 
26 | 5.2000 | 4.5033 | 5.4000 5.361 | 5.0000 | 0.043 0.020 | 5.4440 | 5.4000 | 5.4000 | 5.0000 | 5.5600 | 0.054 | 4.8867 | 0.3181 
27 | 5.4000 | 4.6765 | 5.6000 5.561 | 5.2000 | 0.043 0.020 | 5.6440 | 5.6000 | 5.6000 | 5.2000 | 5.7600 | 0.054 | 5.0778 | 0.3182 
28 | 5.6000 | 4.8497 | 5.8000 5.761 | 5.4000 | 0.048 0.020 | 5.8440 | 5.8000 | 5.8000 | 5.4000 | 5.9600 | 0.054 | 5.2870 | 0.3182 
29 | 5.8000 | 5.0229 | 6.0000 5.961 | 5.6000 | 0.043 0.020 | 6.0440 | 6.0000 | 6.0000 | 5.6000 | 6.1600 | 0.054 | 5.4784 | 0.3182 
30 | 6.0000 | 5.1962 | 6.2000 6.161 | 5.8000 | 0.043 0.020 | 6.2440 | 6.2000 | 6.2000 | 5.8000 | 6.3600 | 0.055 | 5.6869 | 0.3182 
31 | 6.2000 | 5.3694 | 6.4000 6.361 | 6.0000 | 0.044 0.020 | 6.4440 | 6.4000 | 6.4000 | 6.0000 | 6.5600 | 0.055 | 5.8790 | 0.3182 
32 | 6.4000 | 5.5426 | 6.6000 6.559 | 6.2000 | 0.044 0.021 | 6.6440 | 6.6000 | 6.6000 | 6.2000 | 6.7600 | 0.055 | 6.0869 | 0.3182 
33 | 6.6000 | 5.7158 | 6.8000 6.759 | 6.4000 | 0.044 0.021 | 6.8440 | 6.8000 | 6.8000 | 6.4000 | 6.9600 | 0.055 | 6.2795 | 0.3182 
34 | 6.8000 | 5.8890 | 7.0000 6.959 | 6.6000 | 0.044 0.021 | 7.0440 | 7.0000 | 7.0000 | 6.6000 | 7.1600 | 0.055 | 6.4869 | 0.3182 
35 | 7.0000 | 6.0622 | 7.2000 7.159 | 6.8000 | 0.044 0.021 | 7.2440 | 7.2000 | 7.2000 | 6.8000 | 7.3600 | 0.055 | 6.6799 | 0.3182 
36 | 7.2000 | 6.2354 | 7.4000 7.359 | 7.0000 | 0.044 0.021 | 7.4440 | 7.4000 | 7.4000 | 7.0000 | 7.5600 | 0.055 | 6.8869 | 0.3182 
37 | 7.4000 | 6.4086 | 7.6000 7.559 | 7.2000 | 0.044 0.021 | 7.6440 | 7.6000 | 7.6000 | 7.2000 | 7.7600 | 0.055 | 7.0805 | 0.3183 
38 | 7.6000 | 6.5818 | 7.8000 7.759 | 7.4000 | 0.044 0.021 | 7.8440 | 7.8000 | 7.8000 | 7.4000 | -7.9600 | 0.056 | 7.2871 | 0.3183 
39 | 7.8000 | 6.7550 | 8.0000 7.960 | 7.6000 | 0.044 0.021 | 8.0440 | 8.0000 | 8.0000 | 7.6000 | 8.1600 | 0.056 | 7.4808 | 0.3183 
40 | 8.0000 | 6.9282 | 8.2000 8.160 | 7.8000 | 0.044 0.021 | 8.2440 | 8.2000 | 8.2000 | 7.8000 | 8.3600 | 0.056 | 7.6871 | 0.3183 
41 | 8.2000 | 7.1014 | 8.4000 8.360 | 8.0000 | 0.044 0.021 | 8.4440 | 8.4000 | 8.4000 | 8.0000 | 8.5600 | 0.056 | 7.8812 | 0.3183 
42 | 8.4000 | 7.2746 | 8.6000 8.560 | 8.2000 | 0.044 0.021 | 8.6440 | 8.6000 | 8.6000 | 8.2000 | 8.7600 | 0.056 | 8.0871 | 0.3183 
43 | 8.6000 | 7.4478 | 8.8000 8.760 | 8.4000 | 0.044 0.021 | 8.8440 | 8.8000 | 8.8000 | 8.4000 | 8.9600 | 0.056 | 8.2814 | 0.3183 
44 | 8.8000 | 7.6210 | 9.0000 8.960 | 8.6000 | 0.044 0.021 | 9.0440 | 9.0000 | 9.0000 | 8.6000 | 9.1600 | 0.056 | 8.4872 | 0.3183 
45 | 9.0000 | 7.7942 | 9.2000 9.160 | 8.8000 | 0.044 0.021 | 9.2440 | 9.2000 | 9.2000 | 8.8000 | 9.3600 | 0.056 | 8.6817 | 0.3183 
46 | 9.2000 | 7.9674 | 9.4000 9.360 | 9.0000 | 0.044 0.021 | 9.4440 | 9.4000 | 9.4000 | 9.0000 | 9.5600 | 0.056 | 8.8872 | 0.3183 
47 | 9.4000 | 8.1406 | 9.6000 9.560 | 9.2000 | 0.045 0.021 | 9.6440 | 9.6000 | 9.6000 | 9.2000 | 9.7600 |} 0.056 | 9.0820 | 0.3184 
48 | 9.6000 | 8.31388 | 9.8000 9.760 | 9.4000 | 0.045 0.021 | 9.8440 | 9.8000 | 9.8000 | 9.4000 | 9.9600 | 0.056 | 9.2873 | 0.3184 
49 | 9.8000 | 8.4870 |10.0000 9.960 | 9.6000 | 0.045 0.021 10.0440 |10.0000 |10.0000 | 9.6000 |10.1600 | 0.056 | 9.4823 | 0.3184 
50 |10.0000 | 8.6603 |10.2000 | 10.160 | 9.8000 | 0.045 0.021 (10.2440 |10.2000 {10.2000 | 9.8000 |10.3600 | 0.056 | 9.6873 | 0.3184 


the, chamfer applied. 
47 = 0.0001 X diameter (Col 4). 


© Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 


f Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 


made, add 60% of the lead error to this dimension (see Table 27). 


. The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating process. me 
° If this dimension is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
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> TABLE 9b—5/10 Diametral Pitch, External® 


_ 5/10 Diametral Pitch _ Addendum (Basic), 0.1000 Circular Pitch, 0.6283 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.3840 


EXTERNAL 


Major-diameter fit> Fillet root® | Dimensions for all fits 
: i : 
_Flat-root side fit a | Tooth thickness 
- : Major-diam |; : | 
ie 9 Major diameter oe Riise sth cia | cB | cic 


Minor fillet Major Minor Fil TIF plea surcmebr Svempins : 
Max effective 


| diam diam? diam rad diam 

aay Sate a Te e = 

Cli | Gu | cmt] Dim | Ht Rad | Ht CLA] CIB | CLC | 0.3137 | 0.3157 | 0.3178 
a — » ie 
| 1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

& 

+-0.0000 | +0.0000 | +0.0009 
| Bee | (.0019| —(0.0006] + J® | App | Min | 10-0000) ap, | max | +9.0000 | +0-0000) ygint | Max | Min | Min | Min Min dimensional 


| 
jie tol | Fey | £72) | —0.0000 


1.3985} 1.3999) 1.4009} 0.046) 0.018] 0.9560} 0.034; 0.034) 1.4000) 0.8400 0492 1.7676| 1.7709 . 7736]0. 3099/0. 3124|0.3145 


. 1895 
3810 
5901 


. 19385 
. 3850 
. 9940 


.1963}0. 3097/0. 3122/0. 3143 
3883/0. 3097|0. 3122/0. 3143 
5974/0. 3097/0. 3122/0. 3143 


. 2400] 0.065 
4400} 0.064 
. 6400) 0.064 


. 4000 
. €000 
. 8000 


. 8000 
. 0000 
. 2000 


3560} 0.020) 0.015 
5560} 0.020) 0.015 
7560} 0.020} 0.015 


| 28 | 5.7985) 5.7999] 5.8014] 0.048) 0.021 
: 29 | 5.9985) 5.9999] 6.0014| 0.048) 0.021 
30 | 6.1985) 6.1999} 6.2014| 0.048) 0.021 


6 — /1 
| 7 | 1.5985} 1.5999} 1.6010] 0.046) 0.019] 1.1560] 0.0380) 0.030) 1.6000; 1.0400} — | 1.2224) 1.9807) 1.9339] 1.9367/0.3098|/0.3123|0.3144 
} 8 | 1.7985} 1.7999} 1.8010) 0.046} 0.019} 1.3560) 0.028} 0.027} 1.8000) 1.2400) 0.078] 1.4200) 2.1729] 2.1763] 2.1792/0.3098|0.3123)/0.3144 
| 9 | 1.9985) 1.9999} 2.0010) 0.046} 0.019} 1.5560] 0.026) 0.025) 2.0000) 1.4400) 0.074) 1.6000) 2.3447) 2.3481} 2.3510/0.3098/0.3123/0.3144 
i 10 | 2.1985} 2.1999} 2.2010} 0.047} 0.020} 1.7560) 0.024) 0.024) 2.2000] 1.6400} 0.073} 1.8000) 2.5767| 2.5802] 2.5832/0.3098/0.3123/0.3144 
Hin | 
| 11 | 2.3985] 2.3999} 2.4010} 0.047) 0.020} 1.9560} 0.023) 0.023] 2.4000} 1.8400} 0.072} 2.0000) 2.7539) 2.7574] 2.7604|0.3098/0.3123/0.3144 
12 | 2.5985} 2.5999} 2.6011) 0.047) 0.020) 2.1560) 0.022) 0.021) 2.6000) 2.0400} 0.071) 2.2000} 2.9796} 2.9832) 2.9862/0.3098)0.3123/0.3144 
13 | 2.7985) 2.7999).2.8011] 0.047) 0.020} 2.3560} 0.022) 0.021).2.8000) 2.2400} 0.070} 2.4000) 3.1604) 3.1640) 3.1670|0.3098/0.3123/0.3144 
| 14 | 2.9985) 2.9999) 3.0011) 0.047! 0.020) 2.5560) 0.021} 0.020} 3.0000) 2.4400) 0.069) 2.6000} 3.3817] 3.3854) 3.3885/0.3098/0.3123/0.3144 
15 | 3.1985) 3.1999} 3.2011) 0.047) 0.020). 2.7560} 0.020} 0.019} 3.2000) 2.6400) 0.069] 2.8000] 3.5652) 3.5689) 3.5720/0.3098/0.3123/0.3144 
| 16 | 3.3985) 3.3999] 3.4011] 0.047) 0.020) 2.9560} 0.020| 0.019] 3.4000} 2.8400) 0.068) 3.0000; 3.7835) 3.7873} 3.7904|0. 3098/0. 3123/0.3144 
| 17 | 3.5985] 3.5999) 3.6012] 0.047) 0.021} 3.1560) 0.020) 0.018] 3.6000) 3.0400} 0.068) 3.2000) 3.9690) 3.9728) 3.9759|0.3098/0.3123/0.3144 
i 18 | 3.7985) 3.7999) 3.8012) 0.047| 0.021) 3.3360] 0.020} 0.018} 3.8000) 3.2400) 0.067) 3.4000) 4.1851] 4.1888] 4.1920/0.3098/0.3123)0.3144 
| 19 | 3.9985} 3.9999} 4.0012} 0.047) 0.021) 3.5560} 0.020) 0.017) 4.0000] 3.4400) 0.067) 3.6000) 4.3720} 4.3758) 4.3790/0.3098|0.3123/0.3144 
| - 20 | 4.1985} 4.1999) 4.2012} 0.047! 0.021) 3.7560} 0.020) 0.017) 4.2000) 3.6400) 0.066) 3.8000) 4.5863) 4.5901) 4.5933]/0.3098/0.3123)/0.3144 
i 21 | 4.3985} 4.3999] 4.4012| 0.047] 0.021} 3.9560] 0.020) 0.017] 4.4000} 3.8400] 0.066) 4.0000) 4.7742) 4.7781) 4.7814/0.3097|/0.3122)0.3143 
| 22 | 4.5985) 4.5999) 4.6013] 0.047) 0.021) 4.1560} 0.020} 0.016} 4.6000] 4.0400] 0.066) 4.2000] 4.9872) 4.9910} 4.9943/0.3097/0.3122/0.3143 
| 23 | 4.7985| 4.7999] 4.8013) 0.048) 0.021) 4.3560) 0.020) 0.016) 4.8000) 4.2400} 0.066) 4.4000} 5.1765) 5.1803] 5.1836)0.3097|0.3122/0.3143 
|) 24 | 4.9985) 4.9999} 5.0013] 0.048) 0.021) 4.5560} 0.020) 0.016} 5.0000) 4.4400) 0.065} 4.6000) 5.3880) 5.3919) 5.3952/0.3097/0.3122)0.3143 
| 25 | 5.1985] 5.1999} 5.2013} 0.048) 0.021) 4.7560] 0.020} 0.016) 5.2000} 4.6400} 0.065; 4.8000] 5.5782] 5.5821} 5.5854/0. 3097/0. 3122/0. 3143 
| 
26 | 5.3985) 5.3999) 5.4013) 0.048} 0.021} 4.9560] 0.020) 0.016) 5.4000) 4.8400} 0.065} 5.0000) 5.7889) 5.7928] 5.7961/0.3097\0.3122|/0.3143 
| 27 | 5.5985) 5.5999} 5.6014] 0.048) 0.021) 5.1560] 0.020) 0.015) 5.€000) 5.0400} 0.065} 5.2000) 5.9797) 5.9836) 5.9869)0. 3097/0. 3122/0. 3143 
5 
5 
5 
6 
6 


NIN NINO DD HD OD 1 Or or or Ore HH ee OO oo 


31 | 6.3985) 6.3999} 6.4014) 0.048) 0.021) 5.9560} 0.020} 0.015) 6.4000) 5.8400).0.064| 6.0000] 6.7822) 6.7861) 6.7895/0.3097/0.3122)/0.3143 
32 | 6.5985} 6.5999] 6.6015) 0.048) 0.021) 6.1560) 0.020) 0.015] 6.6000) 6.0400] 0.064; 6.2000} 6.9907; 6.9946) 6.9980\0. 3097/0. 3122)0.3143 
33 | 6.7985] 6.7999] 6.8015) 0.048) 0.021} 6.3560} 0.020} 0.014; 6.8000) 6.2400) 0.064; 6.4000} 7.1832) 7.1871) 7.1905]0.3097|0. 3122/0. 3143 
34 | 6.9985} 6.9999] 7.0015} 0.048} 0.021) 6.5560) 0.020) 0.014) 7.0000] 6.4400} 0.064) 6.6000) 7.3911) 7.3951) 7.3985/0.0397/0.3122/0.3148 
_ 30 | 7.1985) 7.1999] 7.2015) 0.048) 0.021] 6.7560) 0.020) 0.014) 7.2000) 6.6400) 0.064) 6.8000) 7.5840) 7.5879} 7.5913)/0.0396|0.3121/0.3142 
36 | 7.3985] 7.3999] 7.4015] 0.048] 0.021) 6.9560} 0.020) 0.014] 7.4000) 6.8400) 0.064) 7.0000} 7.7914) 7.7954) 7.7988)0.3096)0.3121/0.3142 
37 | 7.5985) 7.5999} 7.6016] 0.048) 0.021} 7.1560} 0.020] 0.014) 7.6000) 7.0400) 0.063} 7.2000) 7.9847) 7.9887) 7.9921|0.3096|0.3121/0.3142 
38 | 7.7985) 7.7999] 7.8016] 0.048} 0.021] 7.3560} 0.020) 0.014) 7.8000) 7.2400} 0.063) 7.4000) 8.1918) 8.1958] 8.1992/0.3096|0.3121|0.3142 
39 | 7.9985) 7.9999} 8.0016) 0.048] 0.021] 7.5560} 0.020} 0.014) 8.0000) 7.4400} 0.063} 7.6000) 8.3855) 8.3885} 8.3929|0.3096)0. 3121/0. 3142 


.7560| 0.020} 0.014) 8.2000} 7.6400) 0.063) 7.8000) 8.5922) 8.5962) 8.5996)0.3096/0.3121)0.314? 


.9560) 0.020) 0.014 
. 1560) 0.020) 0.014 
.3560} 0.020) 0.014 


40. | 8.1985} 8.1999} 8.2016] 0.048}-0:021 


41 | 8.3985) 8.3999] 8.4016} 0.048| 0.021 
42 | 8.5985) 8.5999} 8.6017| 0.048] 0.021 
43 | 8.7985] 8.7999] 8.8017] 0.048) 0.021 
44 | 8.9985) 8.9999) 9.0017] 0.048} 0.021 
45 | 9.1985] 9.1999) 9.2017] 0.048] 0.021 


46 | 9.3985} 9.3999) 9.4017] 0.048) 0.021 


.7936}0. 3096]0.3121)0. 3142 
.9999|0.3096/0.3121]0.3142 
. 194210. 3096/0. 3121|0.3142 
-4003]0.3096/0.3121|0.3142 
. 5948/0. 3096/0 .3121)0.3142 


. 7862 
9925 
. 1868 
. 3928 
. 5873 


7902 
.9965 
. 1908 
.3969 
5914 


.4000) 7.8400} 0.063) 8.0000 
.6000) 8.0400} 0.063} 8.2000 
8000) 8.2400} 0.063} 8.4000 
.5560} 0.020] 0.014} 9.0000} 8.4400) 0.063) 8.6000 
.7560) 0.020} 0.013} 9.2000) 8.6400} 0.063) 8.8000 


9560] 0.020] 0.013} 9.4000} 8.8400} 0.063} 9.0000} 9.7931] 9.7972) 9.8006/0.3096|0.3121/0.3142 
47 | 9.5985] 9.5999) 9.6018] 0.048) 0.021) 9.1560} 0.020) 0.013] 9.6000] 9.0400] 0.062} 9.2000} 9.9878] 9.9919] 9.9953/0.3096/0.3121/0.3142 
48 | 9.7985] 9.7999|°9.8018| 0.048] 0.021} 9.3560) 0.020] 0.018) 9.8000} 9.2400} 0.062} 9.4000)10. 1933/10. 1974|10. 2008)0. 30960. 3121|0.3142 
49 | 9.9985} 9.9999]10.0018} 0.048] 0.021] 9.5560} 0.020} 0.013]/10.0000) 9.4400} 0.062) 9.6000|10.3881]10.3922]10.3956)0. 3095/0. 3120)0.3141 
50 |10.1985|10. 1999/10. 2018} 0.048} 0.021) 9.7560] 0.020} 0.013/10.2000] 9.6400} 0.062} 9.8000]10. 5934/10. 5975/10. 6009/0. 3095/0. 3120/0.3141 


wmwoown oOmonrin SININT OD DDD Over OrovOu He He He He CO CO WWW hd 
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i) Noliie io oie 20.2) COoONNINI INI DD DD Over 


* The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 

© This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 

4 When Col 9B is used for the internal spline, reduce this dimension as covered in Table 9a, footnote c. 

© J = 0.0002 X diameter (Col 24). = : ; 

! Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. ’ 

® Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 


500 INVOLUTE SPLINES 


TABLE 10a—6/12 Diametral Pitch, Internal* 


6/12 Diametral Pitch Addendum (Basic), 0.0833 | Circular Pitch, 0.5236 
Pressure Angle, 30° “ Dedendum (See Sec 6) Meas-Pin Diam, 0.2400 ~ 
INTERNAL 
INTERNAL AND EXTERNAL 
Major-diameter fit | Fillet-root side fit All fits 
Flat-Root Side Fit Space 
Pitch Base- Rater aes or ’ : e Measure- | width 
N AS circle AEGAN TIF , Major-diam fillet Major diam Minor Major Fillet ment 
are diam, Wane diam Minor TIF diam diam rad between Min 
ref diam Rad Ht Full Short diam pins effective 
deden® | deden® 0.2618 
1 2 | 3 4 5 6 7 8 9A 9B 10 11 12 13 14 15 
+0.0007 5 
Bien ‘ E d : 0.003, 0.021 n° Peet 
rege, TERE) mma | 20885 | oe |] one | 48882 | ifn | ate | 9808 | $2585 | ame | at | RE 
6 | 1.0000 | 0.8660 | 1.1667 | 1.150 | 0.8760 | 0.024 | 0.009 | 1.2040 | 1.1667 | 1.1667 | 0.8760 | 1.3000 | 0.023 | 0.7379 | 0.2648 
7 | 1.1667 | 1.0104 | 1.3333 | 1.314 | 1.0204 | 0.027 0.010 | 1.3707 | 1.3333 | 1.3333 | 1.0204 | 1.4667 | 0.029 | 0.8762 | 0.2649 
8 | 1.3333 |. 1.1547 | 1.5000 | 1.479 | 1.1727 | 0.028 | 0.011 | 1.5373 | 1.5000 | 1.5000 | 1:1727 | 1.6333 | 0.032 | 1.0716 | 0.2649 
9 | 1.5000 | 1.2990 | 1.6667 | 1.644 | 1.3333 | 0.030 | 0.012 | 1.7040 | 1.6667 | 1.6667 | 1.3333} 4.8000 | 0.034 | 1.2159 | 0.2649 
10 | 1.6667 | 1.4434 | 1.8333 | 1.808 | 1.5000 | 0.031 0.013 | 1.8707 | 1.8333_|-1.8333— 1.5000 | 1.9667 | 0.035 | 1.4051 | 0.2649 
11 | 1.8333 | 1.5877 | 2.0000 | 1.975 | 1.6667 | 0.032 | 0.013 | 2.0373 | 2.0000 | 2.0000 | 1.6667 | 2.1333 | 0.037 | 1.5534 | 0.2649 
12 | 2.0000 | 1.7321 | 2.1667 | 2.140 | 1.8333 | 0.032 | 0.014 | 2.2040 | 2:1667 | 2.1667 | 1.8333 | 2.3000 | 0.038 | 1.7385 | 0.2649 
13 | 2.1667 | 1.8764 | 2.3333 | 2.306 | 2.0000 | 0.033 | 0.014 | 2.3707 | 2.3333 | 2.3333 | 2.0000 | 2.4667 | 0.039 | 1.8895 | 0.2649 
14 | 2.3333 | 2.0207 | 2.5000 | 2.473 | 2.1667 | 0.033 | 0.014 | 2.5373 | 2.5000 | 2.5000 | 2.1667 | 2.6333 | 0.040 | 2.0719 | 0.2649 
15 | 2.5000 | 2.1651 | 2.6667 | 2.638 | 2.3333 | 0.034 | 0.015 | 2.7040 | 2.6667 | 2.6667 | 2.3383 | 2.8000 | 0.041 | 2.2250 | 0.2649 
16 | 2.6667 | 2.3094 | 2.8333 | 2.804 | 2.5000 | 0.034 | 0.015 | 2.8707 | 2.8333 | 2.8333 | 2.5000 | 2.9667 | 0.041 | 2.4052 | 0.2649 
17 | 2.8383 | 2.4537 | 3.0000 | 2.971 | 2.6667 | 0.034 | 0.015 | 3.0373 | 3.0000 | 3.0000 | 2.6667 | 3.1333 | 0.042 | 2.5599 | 0.2649 
18 | 3.0000 | 2.5981 | 3.1667 | 3.136 | 2.8333 | 0.035 0.016 | 3.2040 | 3.1667 | 3.1667 | 2.8333 | 8.3000 | 0.042 | 2.7386 | 0.2649 
19 | 3.1667 | 2.7424 | 3.38333 | 3.302 | 3.0000 | 0.035 0.016 | 3.3707 | 3.3333 | 3.3333 | 3.0000 | 3.4667 | 0.043 | 2.8946 | 0.2649 
20 | 3.3333 | 2.8868 | 3.5000 | 3.469 | 3.1667 | 0.035 | 0.016 | 3.5373 | 3.5000 | 3.5000 | 3.1667 | 3.6333 | 0.043 | 3.0720 | 0.2649 
21 | 3.5000 | 3.0311 | 3.6667 | 3.636 | 3.3333 | 0.035 | 0.016 | 3.7040 | 3.6667 | 3.6667 | 3.3333 | 3.8000 | 0.043 | 3.2291 | 0.2650 
22 | 3.6667 | 3.1754 | 3.8333 | 3.802 | 3.5000 | 0.035 | 0.016 | 3.8707 | 3.8333 | 3.8333 | 3.5000 | 3.9667 | 0.043 | 3.4055 | 0.2650 
23 | 3.8333 | 3.3198 | 4.0000 | 3.969 | 3.6667 | 0.035 | 0.016 | 4.0373 | 4.0000 | 4.0000 | 3.6667 | 4.1333 | 0.044 | 3.5633 | 0.2650 
24 | 4.0000 | 3.4641 | 4.1667 | 4.136 | 3.8333 | 0.036 | 0.016 | 4.2040 | 4.1667 | 4.1667 | 3.8333 | 4.3000 | 0.044 | 3.7389 | 0.2650 
25 | 4.1667 | 3.6084 | 4.3333 | 4.300 | 4.0000 | 0.036 | 0.017 | 4.3707 | 4.3333 | 4.3333 | 4.0000 | 4.4667 | 0.044 | 3.8973 | 0.2650 
26 | 4.3333 | 3.7528 | 4.5000 | 4.467 | 4.1667 | 0.036 | 0.017 | 4.5373 | 4.5000 | 4.5000 | 4.1667 | 4.6333 | 0.044 | 4.0721 | 0.2650 
27 | 4.5000 | 3.8971 | 4.6667 | 4.634 | 4.3333 | 0.036 0.017 4.7040 | 4.6667 | 4.6667 | 4.3333 | 4.8000 | 0.045 | 4.2312 | 0.2650 
28 | 4.6667 | 4.0415 | 4.8333 | 4.801 4.5000 | 0.036 0.017 | 4.8707 | 4.8333 | 4.8333 | 4.5000 | 4.9667 | 0.045 | 4.4055 | 0.2650 
29 | 4.8333 | 4.1858 | 5.0000 | 4.967 | 4.6667 | 0.036 0.017 | 5.0373 | 5.0000 | 5.0000 | 4.6667 | 5.1333 | 0.045 | 4.5651 | 0.2650 
30 | 5.0000 | 4.3301 | 5.1667 | 5.134 | 4.8333 | 0.036 | 0.017 | 5.2040 | 5.1667 | 5.1667 | 4.8333 | 5.3000 | 0.045 | 4.7388 | 0.2650 
31 | 5.1667 | 4.4745 | 5.3333 | 5.301 | 5.0000 | 0.036 0.017 | 5.3707 | 5.3333 | 5.3333 | 5.0000 | 5.4667 | 0.045 | 4.8989 | 0.2650 
32 | 5.3333 | 4.6188 | 5.5000 | 5.467 | 5.1667 | 0.036 | 0.017 | 5.5373 | 5.5000 | 5.5000 | 5.1667 | 5.6333 | 0.045 | 5.0722 | 0.2650 
33 | 5.5000 | 4.7631 | 5.6667 | 5.634 | 5.3333 | 0.037 0.017 | 5.7040 | 5.6667 | 5.6667 | 5.3333 | 5.8000 | 0.045 | 5.2327 | 0.2650 
34 | 5.6667 | 4.9075 | 5.8333 | 5.801 | 5.5000 | 0.037 | 0.017 | 5.8707 | 5.8333 | 5.8333 | 5.5000 | 5.9667 | 0.046 | 5.4055 | 0.2650 
35 | 5.8333 | 5.0518 | 6.0000 | 5.967 | 5.6667 | 0.037 | 0.017 | 6.0373 | 6.0000 | 6.0000 | 5.6667 | 6.1333 | 0.046 | 5.5666 | 0.2651 
36 | 6.0000 | 5.1962 | 6.1667 | 6.134 | 5.8333 | 0.037 | 0.017 | 6.2040 | 6.1667 | 6.1667 | 5.8333 | 6.3000 | 0.036 | 5.7391 | 0.2651 
37 | 6.1667 | 5.3405 | 6.3333 | 6.301 | 6.0000 | 0.037 0.017 | 6.3707 | 6.3333 | 6.3333 | 6.0000 | 6.4667 | 0.046 | 5.9002 | 0.2651 
38 | 6.3333 | 5.4848 | 6.5000 | 6.465 | 6.1667 | 0.037 | 0.018 | 6.5373 | 6.5000 | 6.5000 | 6.1667 | 6.6333 | 0.046 | 6.0724 | 0.2651 
39 | 6.5000 | 5.6292 | 6.6667 | 6.632 | 6.3333 | 0.037 | 0.018 | 6.7040 | 6.6667 | 6.6667 | 6.3333 | 6.8000 | 0.046 | 6.2338 | 0.2651 
40 | 6.6667 | 5.7735 | 6.8333 | 6.799 | 6.5000 | 0.037 | 0.018 | 6.8707 | 6.8333 | 6.8333 | 6.5000 | 6.9667 | 0.046 | 6.4058 | 0.2651 
41 | 6.8333 | 5.9178 | 7.0000 | 6.965 | 6.6667 | 0.037 | 0.018 | 7.0373 | 7.0000 | 7.0000 | 6.6667 | 7.1333 | 0.046 | 6.5674 | 0.2651 
42 | 7.0000 | 6.0622 | 7.1667 | 7.1382 | 6.8333 | 0.037 0.018 | 7.2040 | 7.1667 | 7.1667 | 6.8333 | 7.3000 | 0.046 | 6.7391 | 0.2651 
43 | 7.1667 | 6.2065 | 7.3333 | 7.299 | 7.0000 | 0.037 | 0.018 | 7.3707 | 7.3333 | 7.3333 | 7.0000 | 7.4667 | 0.046 | 6.9010 | 0.2651 
44 | 7.3333 | 6.3509 | 7.5000 | 7.466 | 7.1667 | 0.037 | 0.018 | 7.5373 | 7.5000 | 7.5000 | 7.1667 | 7.6333 | 0.046 | 7.0724 | 0.2651 
45 | 7.5000 | 6.4952 | 7.6667 | 7.632 | 7.3333 | 0. 037 | 0.018 | 7.7040 | 7.6667 | 7.6667 | 7.3333 7.8000 | 0.047 | 7.2346 | 0.2651 
46 | 7.6667 | 6.6395 | 7.8333 | 7.799 | 7.5000 | 0.037 | 0.018 | 7.8707 | 7.8333 | 7.8333 | 7.5000 | 7.9667 | 0.047 | 7.4058 | 0.2651 
47 | 7.8333 | 6.7839 | 8.0000 | 7.966 | 7.6667 | 0.037 | 0.018 | 8.0373 | 8.0000 | 8.0000 | 7.6667 | 8.1333 | 0.047 | 7.5681 | 0.2651 
48 | 8.0009 | 6.9282 | 8.1667 | 8.1382 | 7.8333 | 0.037 | 0.018 | 8.2040 | 8.1667 | 8.1667 | 7.8333 | 8.3000 | 0.047 | 7.7391 | 0.2651 
49 | 8.1667 | 7.0725 | 8.3333 | 8.299 | 8.0000 | 0.037 | 0.018 | 8.3707 | 8.3333 | 8.3333 | 8.0000 | 8.4667 | 0.047 | 7.9017 | 0.2652 
50 | 8.3333 | 7.2169 | 8.5000 | 8.466 | 8.1667 | 0.037 | 0.018 | 8.5373 | 8.5000 | 8.5000 | 8.1667 | 8.6333 | 0.047 | 8.0726 0.2652 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating process. 
G 2 iehices beac ge is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
e chamfer applied. 
47, = 0.0001 X diameter (Col 4). 
3 Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
uade, add 60% of the lead error to this dimension (see Table 27). 
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TABLE 10b—6/12 Diametral Pitch, External* 


6/12 Diametral Pitch Addendum (Basic), 9.0833 ~ Circular Pitch, 0.5236 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.3200 


EXTERNAL 


Major-diameter fit> Fillet root® | Dimensions for all fits 
Flat-root side fit Tooth thickness 
a : Major-diam 
Major diameter teens < A CLA C1B cl Cc 
chamfer ae Binor diee Major Misc Fil TIF Measurement over pins | 
diam diam’ | diam | rad | diam Max effective 
ClI Cl IL C ill Dim Ht Rad Ht CLA C1B CLC | 0.2613 | 0.2631 | 0.2648 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
+0.0080 | +-9.0000 | 40.0009 ) mune ‘ : rt : : gael 
' a ~ Oey Soe | tOoat7 | App | Max Foor | toon? | Minf | Max | Min 2 Min Min dimensional® 
. 1652} 1.1666] 1.1676] 0.038} 0.015} 0.7960) 0.028} 0.028} 1.1667|_0.7000) — 0.8670} 1.4730) 1.4754} 1.4776|0. 2582/0. 2600/0. 2617 
.8018} 1.3332] 1.3342) 0.038} 0.016] 0.9627) 0.025) 0.025] 1.3333] 0.8667) — 1.0204} 1.6090) 1.6114} 1.6136)0.2582)/0. 2600/0. 2617 
.4985| 1.4999} 1.5010} 0.038) 0.016} 1.1293] 0.023} 0.023} 1.5000} 1.0333) 0.065} 1.1727] 1.8108} 1.8132] 1.8156/0.258210.2600|0.2617 
.6652] 1.6666] 1.6677} 0.039) 0.016) 1.2960) 0.022} 0.021) 1.6667) 1.2000} 0.062} 1.3333] 1.9540] 1.9564! 1.958810.258210.2600|0.2617 
.8318] 1.8332] 1.83438] 0.039) 0.016) 1.4627) 0.020] 0.020) 1.8333] 1.3667] 0.061) 1.5000} 2.1472} 2.1497] 2.152110.258110.2599|0. 2616 
.9985} 1.9999} 2.0010} 0.039} 0.017} 1.6293} 0.019} 0.019} 2.0000} 1.5333} 0.060} 1.6667] 2.2949] 2.2974] 2.2998]0.2581]0.2599)/0. 2616 
. 1652) 2.1666) 2.1677) 0.039) 0.017) 1.7960] 0.018) 0.018] 2.1667) 1.7000) 0.059} 1.8333} 2.4830] 2.4856) 2.4880/0. 258110. 2599/0. 2616 
.3318] 2.3332] 2.3343} 0.039} 0.017) 1.9627] 0.018} 0.017} 2.3333] 1.8667} 0.058) 2.0000} 2.6336] 2.6362) 2.63860. 25810. 2599)0. 2616 
.4985| 2.4999) 2.5011) 0.039] 0.017) 2.1293] 0.018) 0.017} 2.5000) 2.0333) 0.058] 2.1667} 2.8181} 2.8207] 2.8232/0.258110. 2599/0. 2616 
.6652| 2.6666] 2.6678) 0.039) 0.017} 2.2960} 0.017] 0.016] 2.6667} 2.2000} 0.057 3333] 2.9710} 2.9736] 2.97610. 2581/0. 2599/0. 2616 
.8318] 2.8332] 2.8344] 0.039] 0.017) 2.4627] 0.017) 0.016] 2.8333] 2.3667] 0.057 5000} 3.1580) 3.1557) 3.1582]0. 2581/0. 2599/0. 2616 


6667| 3.3075) 3.3102 
8333] 3.4875) 3.4902 
.0000} 3.6433} 3.6460 
. 1667) 3.8219] 3.8246 


.0000} 2.53383) 0.056 
. 1667} 2.7000} 0.056 
3333] 2.8667) 0.055 
.5000} 3.0383} 0.055 


.6667} 3.2000) 0.055 
8333] 3.6667] 0.055 
.0000} 3.53383] 0.054 
. 1667} 3.7000) 0.054 
.3333} 3.8667] 0.054 


.5000} 4.0383] 0.054 
.6667| 4.2000) 0.054 
. 8333] 4.3667] 0.053 
.0000} 4.5333} 0.053 
1667} 4.7000) 0.053 


.3127|0. 2581/0. 2599/0. 2616 
.4928|0. 2581/0. 2599/0. 2616 
6486/0. 2581|0.2599)0. 2616 
8272/0. 2581)0. 2599/0. 2616 


. 9841/0. 2531/0. 2599/0. 2616 
. 1614/0. 2581/0. 2599}0. 2616 
0 
0 


.9985} 2.9999) 3.0011} 0.089} 0.017 
. 1652} 3.1666) 3.1678) 0.040} 0.017 
.8818} 3.3332) 3.3344) 0.040] 0.017 
.4985} 3.4999) 3.5012) 0.040) 0.017 


.6652} 3.6666) 3.6679} 0.040} 0.017 
8318] 3.8332) 3.8345) 0.040)'0.017 
.9985} 3.9999) 4.0012) 0.040} 0.017 
1652) 4.1666) 4.1679} 0.040) 0.018 
.3818| 4.3332) 4.3345) 0.040) 0.018 


4985} 4.4999] 4.5013} 0.040) 0.018 
.6652| 4.6666) 4.6680} 0.040} 0.018 
.8318) 4.8332) 4.8346] 0.040) 0.018 
.9985| 4.9999) 5.0013) 0.040} 0.018 
. 1652] 5.1666) 5.1680} 0.040} 0.018 


6293) 0.017) 0.015 
7960} 0.017} 0.015 
9627) 0.017) 0.015 
. 1293] 0.017) 0.014 


2960) 0.017) 0.014 
.4627| 0.017) 0.014 
6293] 0.017| 0.014 
7960) 0.017] 0.013 
9627) 0.017] 0.013 


1293] 0.017} 0.018 
2960) 0.017| 0.013 
4627) 0.017| 0.013 
6293} 0.017) 0.013 
7960! 0.017) 0.012 


3333] 3.9788) 3.9815 
.5000] 4.1560] 4.1588 
.6667| 4.3138} 4.3166 
. 8333] 4.4902) 4.4930 
.0000} 4.6486) 4.6514 


3192/0. 2581/0. 2599/0. 2616 
.4956/0. 25810. 2599)0. 2616 
.6540/0. 2581)0. 2599)0. 2616 


.8296/0. 2581)0. 2599/0. 2616 
. 988710. 2581]0.2599)0. 2616 
. 1633/0. 25800. 2598/0. 2615 
.8229]0. 2580)0. 2598/0. 2615 
4972/0. 2580)0. 2598/0. 2615 


1667| 4.8241] 4.8269 
. 38333] 4.9832] 4.9860 
5000} 5.1578] 5.1607 
.6667| 5.3174} 5.32038 
8333] 5.4917] 5.4945 


He He He He He Go CO CO 09 & bdo bh NWN RE 


. 3318) 5.3332) 5.3346] 0.040] 0.018) 4.9627] 0.017) 0.012) 5.3333] 4.8667] 0.053) 5.0000} 5.6518! 5.6546} 5.6573/0. 2580/0. 2598/0. 2615 
.4985| 5.4999) 5.5014} 0.040} 0.018] 5.1293) 0.017) 0.012) 5.5000) 5.0333] 0.053) 5.1667) 5.8255) 5.8288) 5.8310/0. 2580/0. 2598)0. 2615 
.6652| 5.6666) 5.6681} 0.040} 0.018) 5.2960} 0.017] 0.012) 5.6667) 5.2000} 0.053) 5.3333] 5.9860] 5.9888} 5.9915)0. 2580/0. 2598/0. 2615 


. 1648 
3256 


4985 
.6596 
8322 
9936 


. 25800. 2598)0. 2615 
.2580}0.2598)0. 2615 


5000] 6.1592] 6.1621 
.6667| 6.3200] 6.3229 


. 8333] 6.4929] 6.4958 
0000} 6.6540} 6.6569 
.1667| 6.8266] 6.8295 
. 3333] 6.9880} 6.9909 


8333] 5.3667) 0.053 
0000} 5.5383} 0.053 


1667| 5.7000) 0.053 
. 3333] 5.8667] 0.053 
5000] 6.0333} 0.052 
.6667| 6.2000} 0.052 


4627) 0.017) 0.012 
.6298) 0.017] 0.012 


7960} 0.017) 0.012 
.9627| 0.017] 0.012 
. 1293) 0.017} 0.012 
. 2960) 0.017) 0.012 


8318] 5.8332] 5.8347) 0.040) 0.018 
-9985| 5.9999] 6.0014} 0.040} 0.018 


. 1652) 6.1666) 6.1681} 0.040} 0.018 
.3318} 6.3332] 6.3347) 0.040) 0.018 
.4985) 6.4999) 6.5015) 0.040) 0.018 
39 | 6.6652) 6.6666] 6.6682) 0.040} 0.018 


.2580}0. 2598/0. 2615 
2580/0. 2598)0. 2615 
2580/0. 2598)0. 2615 
. 2580/0. 2598/0. 2615 


“I NNO OD DD OD Orcr CrSvowvot > He HS He He HS wwoww WhhN wb NNR RR 


“I NNN OOD D> 2? > G2 ox Orr Sor or cnr 


_- 40 | 6.8318} 6.8332) 6.8348) 0.040) 0.018] 6.4627] 0.017) 0.012) 6.8333] 6.3667) 0.052) 6.5000) 7.1602) 7.1631) 7.1658/0. 2580/0. 2598/0. 2615 
41 | 6.9985] 6.9999] 7.0015] 0.040) 0.018} 6.6293] 0.017] 0.012] 7.0000] 6.5333] 0.052] 6.6667] 7.3219] 7.3248 
42 | 7.1652) 7.1666) 7.1682) 0.040} 0.018) 6.7960] 0.017] 0.011] 7.1667) 6.7000) 0.052) 6.8333) 7.4938] 7.4967) 7.49940. 2580/0. 2598/0. 2615 
43 | 7.3318] 7.3332) 7.3348] 0.040] 0.018] 6.9627) 0.017| 0.011] 7.3333] 6.8667) 0.052) 7.0000| 7.6558] 7.6587) 7.66140. 2580/0.2598)0. 2615 
44 | 7.4985) 7.4999] 7.5016) 0.040] 0.018} 7.1293] 0.017} 0.011) 7.5000) 7.0333} 0.052} 7.1667| 7.8274] 7.8304) 7.8331/0.2580/0. 2598/0.2615 
45 | 7.6652) 7.6666] 7.6683} 0.040} 0.018] 7.2960} 0.017} 0.011] 7.6667} 7.2000) 0.052] 7.3333) 7.9895) 7.9925) 7.9952/0.2580/0. 2598)0.2615 
46 | 7.8318) 7.8332) 7.8349] 0.040} 0.018] 7.4627) 0.017] 0.011] 7.8333] 7.3667} 0.052} 7.5000} 8.1609] 8.1639] 8. 1666/0. 2580)0. 2598/0. 2615 
47 | 7.9985) 7.9999} 8.0016] 0.040} 0.018) 7.6293] 0.017] 0.011} 8.0000) 7.5333) 0.052] 7.6667} 8.3231] 8.3260} 8.3288/0.2579|0. 2597/0. 2614 


5001/0. 25790. 2597/0. 2614 
6626 


8337 


48 | 8.1652) 8.1666) 8.1683} 0.040| 0.018] 7.7960} 0.017} 0.011 
49 | 8.3318) 8.3332] 8.3349) 0.040) 0.018) 7.9627) 0.017| 0.011] 8.3333) 7.8667] 0.052) 8.0000 
50 | 8.4985] 8.4999] 8.5017} 0.040) 0.018] 8.1293} 0.017] 0.011} 8.5000} 8.0333] 0.052] 8.1667 


2579]0. 2597/0. 2614 


.6569} 8.6598 ; 
. 2579|0. 2597|0. 2614 


.8279] 8.8309 


00 GO GO CO 00 NINN IDA D DDO OL OvOvor He Hee He CO ww WwW OO OD 


0) 
0 
0 
0 
0 
0 
0 
0 
0 
8275/0. 2580/0. 2598)0. 2615 
0 
0 
0 
0 
0 
0 
0 
0 
0 


8 
8 
.1667| 7.7000) 0.052] 7.8333) 8.4944) 8.4973 
8 
8 


* The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 
‘ This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 
When Col 9B is used for the internal spline, reduce this dimension as covered in Table 10a, footnote c. 
© J = 0.0002 X diameter (Col 24). = 
Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. __ 
£ Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 


502 INVOLUTE SPLINES 
TABLE 1lla—8/16 Diametral Pitch, Internal* 
i i * Addendum (Basic), 0.06 Circular Pitch, 0.3927 
ble eras poo | ies Bia, 
INTERNAL 
INTERNAL AND EXTERNAL 
Major-diameter fit | Fillet-root side fit 
Flat-Root Side Fit 
Pitch cae Major sora eer Mi | a arr Measure- 
N | diam, poee diam, EMI ME i lah cs ea israel TIF dat le'dinn ed | been 
i ref els diam Rd a Full Short diam pins 
deden> deden® 
1 2 3 4 5 6 7 8 9A 9B 10 11 12 13 14 
R ded 0.0007 +0.0035 +0.0175 a +0.0035 | 0.0175 
o talerance—> ea lie MiB te 0.0004), PARP: A ea hia {0.9007 Mimi |" o.9000 |: 30.0000 Ne et aa) he 

6 | 0.7500 | 0.6495 | 0.8750 | 0.862 | 0.6595 | 0.018 | 0.007 | 0.9040 | 0.8750 | 0.8750 | 0.6595 | 0.9750 | 0.017 | 0.5549 | 0.1993 

7 | 0.8750 | 0.7578 | 1.0000 | 0.985 | 0.7678 | 0.020 | 0.008 | 1.0290 | 1.0000 | 1.0000 | 0.7678 | 1.1000 | 0.021 | 0.6586 | 0.1994 

8 | 1.0000 | 0.8660 | 1.1250 | 1.110 | 0.8890 | 0.021 0.008 | 1.1540 | 1.1250 | 1.1250 | 0.8890 | 1.2250 | 0.023 | 0.8051 | 0.1994 

9 | 1.1250 | 0.9743 | 1.2500 | 1.233 | 1.0000 | 0.022 | 0.009 | 1.2790 | 1.2500 | 1.2500 | 1.0000}-1.3500 | 0.024 | 0.9133 | 0.1994 
10 | 1.2500 | 1.0825 | 1.3750 | 1.358 | 1.1250 | 0.023 0.009 | 1.4040 | 1.3750 |.1.3750-|-1.1250 | 1.4750 | 0.026 | 1.0553 | 0.1994 
11 | 1.3750 | 1.1908 | 1.5000 | 1.481 | 1.2500 | 0.024 | 0.010 | 1.5290 | 1.5000 | 1.5000 | 1.2500 | 1.6000 | 0.027 | 1.1664 | 0.1994 
12 | 1.5000 | 1.2990 | 1.6250 | 1.606 | 1.3750 | 0.024 | 0.010 | 1.6540 | 1.6250 | 1.6250 | 1.3750 | 1.7250 | 0.028 | 1.3053 | 0.1994 
13 | 1.6250 | 1.4073 | 1.7500 | 1.731 | 1.5000 | 0.024 | 0.010 | 1.7790 | 1.7500 | 1.7500 | 1.5000 | 1.8500 | 0.028 | 1.4185 | 0.1994 
14 | 1.7500 | 1.5156 | 1.8750 | 1.854 | 1.6250 | 0.025 | 0.011 | 1.9040 | 1.8750 | 1.8750 | 1.6250 | 1.9750 | 0.029 | 1.5553 | 0.1994 
15 | 1.8750 | 1.6238 | 2.0000 | 1.979 | 1.7500 | 0.025 | 0.011 | 2.0290 | 2.0000 | 2.0000 | 1.7500 | 2.1000 | 0.030 | 1.6701 | 0.1994 
16 | 2.0000 | 1.7321 | 2.1250 | 2.104 | 1.8750 | 0.025 | 0.011 | 2.1540 | 2.1250 | 2.1250 | 1.8750 | 2.2250 | 0.030 | 1.8053 | 0.1994 
17 | 2.1250 | 1.8403 | 2.2500 | 2.229 | 2.0000 | 0.026 | 0.011 | 2.2790 | 2.2500 | 2.2500 | 2.0000 | 2.3500 | 0.031 | 1.9213 | 0.1994 
18 | 2.2500 | 1.9486 | 2.3750 | 2.352 | 2.1250 | 0.026 | 0.012 | 2.4040 | 2.3750 | 2.3750 | 2.1250 | 2.4750 | 0.031 | 2.0553 | 0.1994 
19 | 2.8750 | 2.0568 | 2.5000 | 2.477 | 2.2500 | 0.026 | 0.012 | 2.5290 | 2.5000 | 2.5000 | 2.2500 | 2.6000 | 0.031 | 2.1723 | 0.1994 
20 | 2.5000 | 2.1651 | 2.6250 | 2.602 | 2.3750 | 0.026 | 0.012 | 2.6540 | 2.6250 | 2.6250 | 2.3750 | 2.7250 | 0.032 | 2.3053 | 0.1994 
21 | 2.6250 | 2.2733 | 2.7500 | 2.727 | 2.5000 | 0.026 | 0.012 | 2.7790 | 2.7500 | 2.7500 | 2.5000 | 2.8500 | 0.032 | 2.4233 | 0.1995 
22 | 2.7500 | 2.3816 | 2.8750 | 2.852 | 2.6250 | 0.026 0.012 | 2.9040 | 2.8750 | 2.8750 | 2.6250 | 2.9750 | 0.032 | 2.5556 | 0.1995 
23 | 2.8750 | 2.4898 | 3.0000 | 2.977 | 2.7500 | 0.026 | 0.012 | 3.0290 | 3.0000 | 3.0000 | 2.7500 | 3.1000 | 0.032 | 2.6739 | 0.1995 
24 | 3.0000 | 2.5981 | 3.1250 | 3.102 | 2.8750 | 0.027 0.012 | 3.1540 | 3.1250 | 3.1250 | 2.8750 | 3.2250 | 0.032 | 2.8056 | 0.1995 
25 | 3.1250 | 2.7063 | 3.2500 | 3.227 | 3.0000 | 0.027 0.012 | 3.2790 | 3.2500 | 3.2500 | 3.0000 | 3.3500 | 0.033 | 2.9244 | 0.1995 
26 | 3.2500 | 2.8146 | 3.3750 | 3.352 | 3.1250 | 0.027 | 0.012 | 3.4040 | 3.3750 | 3.3750 | 3.1250 | 3.4750 | 0.033 | 3.0555 | 0.1995 
27 | 3.3750 | 2.9228 | 3.5000 | 3.475 | 3.2500 | 0.027 0.013 | 3.5290 | 3.5000 | 3.5000 | 3.2500 | 3.6000 | 0.033 | 3.1748 | 0.1995 
28 | 3.5000 | 3.0311 | 3.6250 | 3.600 | 3.3750 | 0.027 0.013 | 3.6540 | 3.6250 | 3.6250 | 3.3750 | 3.7250 | 0.033 | 3.3055 | 0.1995 
29 | 3.6250 | 3.1393 | 3.7500 | 3.725 | 3.5000 | 0.027 | 0.013 | 3.7790 | 3.7500 | 3.7500 | 3.5000 | 3.8500 | 0.033 | 3.4252 | 0.1995 
30 | 3.7500 | 3.2476 | 3.8750 | 3.850 | 3.6250 | 0.027 0.013 | 3.9040 | 3.8750 | 3.8750 | 3.6250 | 3.9750 | 0.033 | 3.5555 | 0.1995 
31 | 3.8750 | 3.3559 | 4.0000 | 3.975 | 3.7500 | 0.027 0.013 | 4.0290 | 4.0000 | 4.0000 | 3.7500 | 4.1000 | 0.033 | 3.6756 | 0.1995 
32 | 4.0000 | 3.4641 | 4.1250 | 4.100 | 3.8750 | 0.027 0.013 | 4.1540 | 4.1250 | 4.1250 | 3.8750 | 4.2250 | 0.033 | 3.8055 | 0.1995 
33 | 4.1250 | 3.5724 | 4.2500 | 4.225 | 4.0000 | 0.027 0.013 | 4.2790 | 4.2500 | 4.2500 | 4.0000 | 4.3500 | 0.034 | 3.9260 | 0.1995 
34 | 4.2500 | 3.6806 | 4.3750 | 4.350 | 4.1250 | 0.027 | 0.013 | 4.4040 | 4.3750 | 4.3750 | 4.1250 | 4.4750 | 0.034 | 4.0555 | 0.1995 
35 | 4.3750 | 3.7889 | 4.5000 | 4.475 | 4.2500 | 0.027 0.013 | 4.5290 | 4.5000 | 4.5000 | 4.2500 | 4.6000 | 0.034 | 4.1764 | 0.1996 
36 | 4.5000 | 3.8971 | 4.6250 | 4.600 | 4.3750 | 0.027 0.013 | 4.6540 | 4.6250 | 4.6250 | 4.3750 | 4.7250 | 0.034 | 4.3058 | 0.1996 
37 | 4.6250 | 4.0054 | 4.7500 | 4.725 | 4.5000 | 0.028 | 0.013 | 4.7790 | 4.7500 | 4.7500 | 4.5000 | 4.8500 | 0.034 | 4.4266 | 0.1996 
38 | 4.7500 | 4.1186 | 4.8750 | 4.850 | 4.6250 | 0.028 | 0.013 | 4.9040 | 4.8750 | 4.8750 | 4.6250 | 4.9750 | 0.034 | 4.5558 | 0.1996 
39 | 4.8750 | 4.2219 | 5.0000 | 4.975 | 4.7500 | 0.028 | 0.013 | 5.0290 | 5.0000 | 5.0000 | 4.7500 | 5.1000 | 0.034 | 4.6768 | 0.1996 
40 | 5.0000 | 4.3301 | 5.1250 | 5.100 | 4.8750 | 0.028 | 0.013 | 5.1540 | 5.1250 | 5.1250 | 4.8750.) 5.2250 | 0.034 | 4.8058 | 0.1996 
41 | 5.1250 | 4.4384 | 5.2500 | 5.225 | 5.0000 | 0.028 | 0.013 5.2790 | 5.2500 | 5.2500 | 5.0000 | 5.3500 | 0.034 | 4.9270 | 0.1996 
42 | 5.2500 | 4.5466 | 5.3750 | 5.350 | 5.1250 | 0.028 0.013 | 5.4040.) 5.3750 | 5.3750 | 5.1250 | 5.4750 | 0.034 | 5.0558 | 0.1996 
43 | 5.3750 | 4.6549 | 5.5000 | 5.475 | 5.2500 | 0.028 | 0.013 | 5.5290 | 5.5000 | 5.5000 | 5.2500 | 5.6000 | 0.034 | 5.1772 | 0.1996 
44 | 5.5000 | 4.7631 | 5.6250 | 5.600 | 5.3750 | 0.028 | 0.013 | 5.6540 | 5.6250 | 5.6250 | 5.3750 | 5.7250 | 0.034 | 5.3058 | 0.1996 
45 | 5.6250 | 4.8714 | 5.7500 / 5.725 | 5.5000 | 0.028 | 0.013 | 5.7790 | 5.7500 | 5.7500 | 5.5000 | 5.8500 | 0.034 | 5.4274 0.1996 
46 | 5.7500 | 4.9797 | 5.8750 | 5.850 | 5.6250 | 0.028 | 0.013 | 5.9040 | 5.8750 | 5.8750 | 5.6250 | 5.9750 | 0.034 | 5.5558 | 0.1996 
47 | 5.8750 | 5.0879 | 6.0000 | 5.975 | 5.7500 | 0.028 | 0.013 | 6.0290 | 6.0000 | 6.0000 | 5.750) | 6.1000 | 0.034 | 5.6775 | 0.1966 
48 | 6.0000 | 5.1962 | 6.1250 | 6.100 | 5.8750 | 0.028 | 0.013 | 6.1540 | 6.1250 | 6.1250 | 5.8750 | 6.2250 | 0.034 | 5.8058 | 0.1996 
49 | 6.1250 | 5.3044 | 6.2500 | 6.225 | 6.0000 | 0.028 | 0.013 | 6.2790 | 6.2500 | 6.2500 | 6.0000 | 6.3500 | 0.034 | 5.9277 | 0.1997 
50 | 6.2500 | 5.4127 | 6.3750 | 6.350 | 6.1250 | 0.028 | 0.013 | 6.4040 | 6.3750 | 6.3750 | 6.1250 | 6.4750 | 0.034 | 6.0559 | 0.1997 


: The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating process 


° Tf this dimension is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2)and 


the chamfer applied. 


L = 0.0001 X diameter (Col 4). 


© Represents minimum allowable radius of curva 


fA 


made, add 60% of the lead error to this dimension (see Table 27). 


ture, and is based on 75% of the full tangent radius for maximum depth. 
Nowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 


INVOLUTE' SPLINES’ 503 


TABLE 1th—8/16 Diametral Pitch, External 


8/16 Diametral- Pitch Addendum: (Basic), 0.0625 Circular Pitch, 0.3927 
Pressure’ Angle, 30° - Dedendum (See Sec 6) Meas-Pin Diam, 0.2400 
EXTERNAL 
Major-diameter fit? Fillet root® Dimensions for all fits 
Flat-root side fit i Tooth thickness 
Major diameter Major-diam | are iY aa las | ac 
chaintes Mange Nia Major || Minor Fil TIF Measurement over pins | 
diam diam@ diam rad diam Max effective 
(lai Clit Cl II Dim Ht Rad Ht CLA C1B C1C | 0.1958 | 0.1976 | 0.1993 
16 17 18. 19 20 21 22 23 2s 24 25 26 27 28 29 30 31 32 33 
+0.0000 | +0.0000 | +-0.0009 A i 3 : a . Lealane = 
pipes Saye. Scie App Min eae App Max rg ee Min! Max Min Min Min Min dimensional® 
0.8735) 0.8749] 0.8759] 0.029) 0.011} 0.5960} 0.021) 0.021) 0.8750) 0.5252) — 0.6595} 1.1036] 1.1060) 1. 1082/0. 1927/0. 1945/0. 1962 
0.9985] 0.9999} 1.0009} 0.029} 0.012) 0.7210} 0.019} 0.019] 1.0000} 0.6500} — 0.7678} 1.2055} 1.2079) 1.2101)0. 1927/0. 1945/0. 1962 
1.1235} 1.1249} 1.1259} 0.029] 0.012} 0.8460) 0.018) 0.017) 1.1250) 0.7750} 0.047} 0.8890} 1.3569} 1.3593} 1.3617/0.1297/0.1945]0. 1962 
1.2485} 1.2499) 1.2509) 0.029} 0.012) 0.9710) 0.016} 0.016} 1.2500) 0.9000) 0.046} 1.0000) 1.4643] 1.4667) 1.4691|0. 1927|0.1945)0. 1962 
1.3735} 1.3749] 1.3759) 0.029] 0.012} 1.0960) 0.015) 0.015} 1.3750] 1.0250} 0.045} 1.1250) 1.6091] 1.6116) 1.6140/0. 1926/0. 1944/0. 1961 
1.4985) 1.4999] 1.5010} 0.029] 0.012) 1.2210} 0.015} 0.014} 1.5000) 1.1500} 0.044) 1.2500) 1.7198] 1.7223) 1.7247/0. 1926/0. 1944/0. 1961 
1.6235} 1.6249] 1.6260) 0.029} 0.013] 1.3460) 0.014) 0.013) 1.6250} 1.2750) 0.044) 1.3750; 1.8609] 1.8635] 1.8659/0. 1926/0.1944)/0. 1961 
1.7485] 1.7499) 1.7510) 0.029} 0.013} 1.4710) 0.014) 0.013} 1.7500} 1.4000) 0.043} 1.5000] 1.9739] 1.9765) 1.9789|0.1926|0.1944)0. 1961 
1.8735] 1.8749] 1.8760} 0.029] 0.013} 1.5960) 0.013) 0.012) 1.8750} 1.5250) 0.043} 1.6250) 2.1123) 2.1149} 2.1174/0.1926)0. 1944/0. 1961 
1.9985} 1.9999) 2.0010) 0.030} 0.013) 1.7210) 0.013} 0.012) 2.0000) 1.6500) 0.042) 1.7500) 2.2269] 2.2295) 2.2320)0. 1926/0. 1944/0. 1961 
2.1235) 2.1249}.2.1260| 0.030) 0.013} 1.8460} 0.013} 0.011) 2.1250} 1.7750} 0.042) 1.8750) 2.3633] 2.3660} 2.3685/0.1926/0. 1944/0. 1961 
2.2485) 2.2499) 2.2510} 0.030) 0.013] 1.9710} 0.013} 0.011) 2.2500) 1.9000} 0.042) 2.0000) 2.4792] 2.4819]}.2.4844/0. 1926/0. 1944/0. 1961 
2.3735) 2.3749] 2.3760} 0.030] 0.013) 2.0960) 0.013] 0.011) 2.3750) 2.0250] 0.042) 2.1250) 2.6142) 2.6169} 2.6195]/0. 1926)0. 1944/0. 1961 
2.4985} 2.4999] 2.5011} 0.030].0.013) 2.2210) 0.013} 0.011) 2.5000) 2.1500} 0.041) 2.2500) 2.7311] 2.7338} 2.7364]0. 1296/0. 1944/0.1961 
2.6235) 2.6249) 2.6261) 0.030) 0.013) 2.3460) 0.013] 0.011) 2.6250) 2.2750} 0.041} 2.3750) 2.8650) 2.8677| 2.8703/0. 1926/0. 1944/0. 1961 
2.7485| 2.7499) 2.7511) 0.030) 0.013) 2.4710) 0.013} 0.010} 2.7500) 2.4000) 0.041} 2.5000) 2.9827) 2.9854) 2.98800. 1926/0. 1944/0. 1961 
2.8735| 2.8749] 2.8761) 0.030} 0.013) 2.5960) 0.013] 0.010) 2.8750) 2.5250} 0.041] 2.6250| 3.1156} 3.1184] 3.1210/0. 1926/0. 1944]0. 1961 
2.9985} 2.9999] 3.0011) 0.030} 0.013) 2.7210) 0.013} 0.010} 3.0000} 2.6500} 0.041} 2.7500} 3.2339] 3.2367) 3.2393)/0.1926|0. 1944/0. 1961 
3.1235) 3.1249} 3.1261) 0.030) 0.013} 2.8460} 0.013} 0.010) 3.1250} 2.7750} 0.040) 2.8750} 3.3662) 3.3690) 3.3716)0. 1926/0. 1944/0. 1961 
3.2485) 3.2499) 3.2511) 0.030} 0.013) 2.9710) 0.013) 0.010) 3.2500} 2.9000) 0.040} 3.0000} 3.4850} 3.4878} 3.4904/0. 1926/0. 1944/0. 1961 
26 | 3.3735] 3.3749} 3.3761] 0.030} 0.013) 3.0960) 0.013) 0.010) 3.3750} 3.0250} 0.040} 3.1250) 3.6166) 3.6194) 3.6221|0. 1926/0. 1944/0. 1961 
27 | 3.4985} 3.4999} 3.5012} 0.030) 0.013) 3.2210) 0.013] 0.010) 3.5000} 3.1500} 0.040} 3.2500] 3.7359] 3.7387) 3.7414/0. 1926/0. 1944/0. 1961 
28 | 3.6235] 3.6249] 3.6262| 0.030} 0.013} 3.3460} 0.013} 0.010) 3.6250} 3.2750} 0.040} 3.3750) 3.8669] 3.8698] 3.8724\0. 1925/0. 1943/0. 1960 
29 | 3.7485) 3.7499) 3.7512) 0.030} 0.013) 3.4710} 0.013} 0.009} 3.7500} 3.4000} 0.040} 3.5000} 3.9866) 3.9895} 3.9921/0.1925)/0. 1943/0. 1960 
30 | 3.8735} 3.8749] 3.8762] 0.030} 0.013} 3.5960}-0.013] 0.009) 3.8750} 3.5250] 0.040] 3.6250) 4.1173] 4.1201) 4.1228]/0.1925)0. 1943/0. 1960 
31 | 3.9985! 3.9999) 4.0012) 0.080) 0.013) 3.7210) 0.013] 0.009} 4.0000) 3.6500} 0.039} 3.7500) 4.2373] 4.2401] 4.2428/0.1925/0. 1943/0. 1960 
82 | 4.1235] 4.1249] 4.1262) 0.030] 0.013] 3.8460) 0.013} 0.009] 4.1250} 3.7750) 0.039) 3.8750} 4.3676] 4.3704) 4.3731|0.1925)0.1943)/0. 1960 
83 | 4.2485] 4.2499] 4.2512) 0.030] 0.013] 3.9710} 0.013) 0.009) 4.2500] 3.9000} 0.039) 4.0000} 4.4880) 4.4908} 4.4935)0. 1925/0. 1943)0. 1960 
| 34 | 4.3735] 4.3749] 4.3762) 0.030] 0.013] 4.0960} 0.013) 0.009] 4.3750] 4.0250) 0.039) 4.1250) 4.6179) 4.6208] 4.6235|0.1925]0.1943)0. 1960 
\ 35 | 4.4985] 4.4999] 4.5013} 0.030] 0.013] 4.2210} 0.013} 0.008] 4.5000} 4.1500} 0.089) 4.2500) 4.7385) 4.7414] 4.7441/0.1925)0. 1943)0. 1960 
\ 
_ 86 | 4.6235] 4.6249) 4.6263] 0.030] 0.013) 4.3460} 0.013] 0.008] 4.6250) 4.2750] 0.039] 4.3750] 4.8681) 4.8710) 4.8737|0.1925)0. 1943)0. 1960 
j 37 | 4.7485] 4.7499) 4.7513] 0.030} 0.013] 4.4710] 0.013) 0.008] 4.7500} 4.4000} 0.039] 4.5000) 4.9890] 4.9919] 4.99460. 1925/0. 1943/0. 1960 
f 38 | 4.8735] 4.8749] 4.8763] 0.030) 0.013} 4.5960] 0.013] 0.008] 4.8750) 4.5250} 0.089] 4.6250} 5.1184) 5.1213} 5.12400. 1925/0. 1943/0. 1960 
_-39_'| 4.9985] 4.9999) 5.0013] 0.030} 0.013] 4.7210] 0.013} 0.008) 5.0000) 4.6500} 0.0389] 4.7500) 5.2395) 5.2424) 5.2451/0.1925)0. 1943) 0. 1960 
tS 40 5.1235] 5.1249) 5.1263].0.030} 0.013) 4.8460] 0.013] 0.008] 5.1250] 4.7750) 0.039] 4.8750) 5.3687] 5.3716) 5.3743/0.1925/0.1943/ 0.1960 
r 41 5.2485] 5.2499] 5.2513] 0.030] 0.013] 4.9710) 0.013} 0.008] 5.2500] 4.9000} 0.039] 5.0000) 5.4899) 5.4928) 5.4955|0.1925/0.1943}0. 1960 
42 | 5.3735) 5.3749} 5.3763) 0.030} 0.013) 5.0960) 0.013} 0.008) 5.3750) 5.0250) 0.039} 5.1250) 5.6184| 5.6213} 5.6240/0. 1925/0. 1943)0. 1960 
43 | 5.4985} 5.4999] 5.5014) 0.030) 0.013) 5.2210) 0.013) 0.008) 5.5000) 5.1500} 0.039) 5.2500) 5.7403) 5.7432 5.7459|0.1925|0.1943)0. 1960 
44 | 5.6235] 5.6249] 5.6264) 0.030] 0.013} 5.3460] 0.013] 0.008] 5.6250] 5.2750} 0.039] 5.3750} 5.8690] 5.8720) 5.8747|0.1925)0. 1943)0. 1960 
45 | 5.7485) 5.7499] 5.7514] 0.030] 0.013] 5.4710) 0.013} 0.008) 5.7500} 5.4000} 0.039) 5.5000} 5.9906) 5.9936) 5.99630. 1925/0. 1943)0. 1960 
46 5.8735 5.8749 5.8764! 0.030} 0.013) 5.5960} 0.013] 0.008) 5.8750) 5.5250] 0.038) 5.6250) 6.1191] 6.1221) 6.1248/0.1925)0. 1943/0. 1960 
47 | 5.9985] 5.9999} 6.0014] 0.030) 0.013] 5.7210} 0.013] 0.008) 6.0000} 5.6500) 0.038] 5.7500] 6.2408] 6.2487| 6.2465|0. 1924/0. 1942/0. 1959 
48 | 6.1235] 6.1249] 6.1264| 0.030) 0.013) 5.8460} 0.013] 0.008] 6.1250} 5.7750} 0.038} 5.8750] 6.3692) 6.3721] 6.3749|0.1924/0.1942/0.1959 
49 | 6.2485} 6.2499] 6.2514! 0.030] 0.013] 5.9710} 0.013] 0.008} 6.2500) 5.9000] 0.038] 6.0000] 6.4911} 6.4940) 6.4968/0. 1924/0. 1942/0. 1959 
50 | 6.3735] 6.3479] 6.3764| 0.030} 0.013] 6.0960] 0.013] 0.008] 6.3750| 6.0250} 0.038] 6.1250) 6.6193) 6.6223] 6.6251\0. 1924/0. 1942/0. 1959 


3 
t 
; 
. _ 2 The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
: © Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 
i © This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. : 
4 When Col 9B is used for the internal spline, reduce this dimension as covered in Table 11a, footnote c. 
© J = 0.0002 X diameter (Col 24). { ; 

f Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. — 

© Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 

made, subtract 60 %of the lead error from this dimension (see Table 27). ‘ 
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INVOLUTE SPLINES 


TABLE 12a—10/20 Diametral Pitch, Internal 


10/26 Diametral Pitch 
Pressure Angle, 30° 


Addendum (Basic), 0.0500 
Dedendum (See Sec 6) 


Circular Pitch, 0.3142 
Meas-Pin Diam, 0.1440 


INTERNAL AND EXTERNAL 


INTERNAL 


Major-diameter fit | 


Fillet-root side fit 


All fits 


Flat-Root Side Fit 


Space 
A j Measure- width 
N ee Heh Majer TIF Major-diam fillet Major diam Minor Major Fillet ao 
nee iam, Bede diam Minor TIF diam diam rad between Min 
ref diam Rad Ht Full Short diam pea effective — 
deden> deden® 0.1571 
1 2 3 4 5 6 7 8 9A 9B 10 11 12 13 14 15 ; 
+0.0007 A 
-+0,0007 : 0150 d é i 1 ts Dimen- 
Recmmended | ART | cm | 88 te | ar | 4882 | efioy| atin | $9 | 80852 | ane | as | "oa 
" + L) Se 
6 | 0.6000 | 0.5196 | 0.7000 | 0.691 | 0.5296 | 0.015 | 0.005 | 0.7240 | 0.7000 | 0.7000 | 0.5296 | 0.7800 | 0.012 | 0.4439 | 0.1595 — 
7 | 0.7000 | 0.6062 | 0.8000 | 0.789 | 0.6162 | 0.016 | 0.006 | 0.8240 | 0.8000 | 0.8000 | 0.6162 | 0.8800 | 0.016 | 0.5269 | 0.1596 
8 | 0.8000 | 0.6928 | 0.9000 | 0.887 | 0.7100 | 0.017 | 0.007 | 0.9240 | 0.9000 | 0.9000 | 0.7100 | 0.9800 | 0.018 | 0.6441 | 0.1596 
9 | 0.9000 | 0.7794 | 1.0000 | 0.987 | 0.8000 | 0.017 | 0.007 | 1.0240 | 1.0000 | 1.0000 | 0.8000-|_1.0800 | 0.019 | 0.7307 | 0.1596 | 
10 | 1.0000 | 0.8660 | 1.1000 | 1.085 | 0.9000 | 0.018 | 0.008 | 1.1240 | 1.1000 | 1.1000 | 0.9000 | 1.1800 | 0.020 | 0.8443 | 0.1596 
11 | 1.1000 | 0.9526 | 1.2000 | 1.185 | 1.0000 | 0.019 | 0.008 | 1.2240 | 1.2000 | 1.2000 | 1.0000 | 1.2800 | 0.021 | 0.9382 | 0.1596 
12 | 1.2000 | 1.0392 | 1.3000 | 1.285 | 1.1000 | 0.019 | 0.008 | 1.3240 | 1.3000 | 1.3000 | 1.1000 | 1.3800 | 0.022 | 1.0442 | 0.1596 © 
13 | 1.3000 | 1.1258 | 1.4000 | 1.385 | 1.2000 | 0.020 | 0.008 | 1.4240 | 1.4000 | 1.4000 | 1.2000 | 1.4800 | 0.022 | 1.1349 | 0.1596 
14 | 1.4000 | 1.2124 | 1.5000 | 1.483 | 1.3000 | 0.020 | 0.009 | 1.5240 | 1.5000 | 1.5000 | 1.3000 | 1.5800 | 0.023 | 1.2443 | 0.1596 
15 | 1.5000 | 1.2990 | 1.6000 | 1.583 | 1.4000 | 0.020 | 0.009 | 1.6240 | 1.6000 | 1.6000 | 1.4000 | 1.6800 | 0.023 | 1.3362 | 0.1596 
16 | 1.6000 | 1.3856 | 1.7000 | 1.683 | 1.5000 | 0.020 | 0.009 | 1.7240 | 1.7000 | 1.7000 | 1.5000 | 1.7800 | 0.024 | 1.4443 | 0.1596 
17 | 1.7000 | 1.4722 | 1.8000 | 1.783 | 1.6000 | 0.020 | 0.009 | 1.8240 | 1.8000 | 1.8000 | 1.6000 | 1.8800 | 0.024 | 1.5871 | 0.1596 
18 | 1.8000 | 1.5588 | 1.9000 | 1.883 | 1.7000 | 0.021 0.009 | 1.9240 | 1.9000 | 1.9000 | 1.7000 | 1.9800 | 0.024 | 1.6444 | 0.1596 
19 | 1.9000 | 1.6454 | 2.0000 | 1.983 | 1.8000 | 0.021 0.009 | 2.0240 | 2.0000 | 2.0000 | 1.8000 | 2.0800 | 0.024 | 1.7379 | 0.1596 
20 | 2.0000 | 1.7321 | 2.1000 | 2.081 | 1.9000 | 0.021 | 0.010 | 2.1240 | 2.1000 | 2.1000 | 1.9000 | 2.1800 | 0.025 | 1.8443 | 0.1596 
21° | 2.1000 | 1.8187 | 2.2000 | 2.181 | 2.0000 | 0.021 | 0.010 | 2.2240 | 2.2000 | 2.2000 | 2.0000 | 2.2800 | 0.025 | 1.9387 | 0.1597 
22 | 2.2000 | 1.9053 | 2.3000 | 2.281 | 2.1000 | 0.021 0.010 | 2.3240 | 2.3000 | 2.3000 | 2.1000 | 2.3800 | 0.025 | 2.0445 | 0.1597 
23 | 2.3000 | 1.9919 | 2.4000 | 2.381 | 2.2000 | 0.021 0.010 | 2.4240 | 2.4000 | 2.4000 | 2.2000 | 2.4800 | 0.025 | 2.1392 | 0.1597 
24 | 2.4000 | 2.0785 | 2.5000 | 2.481 | 2.3000 | 0.021 0.010 | 2.5240 | 2.5000 | 2.5000 | 2.3000 | 2.5800 | 0.026 | 2.2445 | 0.1597 
25 | 2.5000 | 2.1651 | 2.6000 | 2.581 | 2.4000 | 0.021 0.010 | 2.6240 | 2.6000 | 2.6000 | 2.4000 | 2.6800 | 0.026 | 2.3896 | 0.1597 
26 | 2.6000 | 2.2517 | 2.7000 | 2.681 | 2.5000 | 0.021 0.010 | 2.7240 | 2.7000 | 2.7000 | 2.5000 | 2.7800.) 0.026 | 2.4445 | 0.1597 
27 | 2.7000 | 2.3383 | 2.8000 | 2.781 | 2.6000 | 0.021 0.010 | 2.8240 | 2.8000 | 2.8000 | 2.6000 | 2.8800 | 0.026 | 2.5400 | 0.1597 
28 | 2.8000 | 2.4249 | 2.9000 | 2.881 2.7000 | 0.022 0.010 | 2.9240 | 2.9000 | 2.9000 | 2.7000 | 2.9800 | 0.026 | 2.6445 | 0.1597 
29 | 2.9000 | 2.5115 | 3.0000 | 2.981 | 2.8000 | 0.022 | 0.010 | 3.0240 | 3.0000 | 3.0000 | 2.8000 | 3.0800 | 0.026 | 2.7403 | 0.1597 
30 | 3.0000 | 2.5981 | 3.1000 | 3.081 | 2.9000 | 0.022 | 0.010 | 3.1240 | 3.1000 | 3.1000 | 2.9000 | 3.1800 | 0.026 | 2.8445 | 0.1597 
31 | 3.1000 | 2.6847 | 3.2000 | 3.181 | 3.0000 | 0.022 | 0.010 | 3.2240 | 3.2000 | 3.2000 | 3.0000 | 3.2800 | 0.026 | 2.9406 | 0.1597 
32 | 3.2000 | 2.7713 | 3.3000 | 3.281 | 3.1000 | 0.022 | 0.010 | 3.3240 | 3.3000 | 3.3000 | 3.1000 | 3.3800 | 0.026 | 3.0446 | 0.1597 
33 | 3.3000 | 2.8579 | 3.4000 | 3.881 | 3.2000 | 0.022 | 0.010 | 3.4240 | 3.4000 | 3.4000 | 3.2000 | 3.4800 | 0.026 | 3.1409 | 0.1597 
34 | 3.4000 | 2.9445 | 3.5000 | 3.481 | 3.3000 | 0.022 | 0.010 | 3.5240 | 3.5000 | 3.5000 | 3.3000 | 3.5800 | 0.027 | 3.2446 | 0.1597 
35 | 3.5000 | 3.0311 | 3.6000 | 3.581 | 3.4000 | 0.022 | 0.010 | 3.6240 | 3.6000 | 3.6000 | 3.4000 | 3.6800 | 0.027 | 3.3412 | 0.1597 
36 | 3.6000 | 3.1177 | 3.7000 | 3.681 | 3.5000 | 0.022 | 0.010 | 3.7240 | 3.7000 | 3.7000 | 3.5000 | 3.7800 | 0.027 | 3.4447 | 0.1598 
37 | 3.7000 | 3.2048 | 3.8000 | 3.781 | 3.6000 | 0.022 | 0.010 | 3.8240 | 3.8000 | 3.8000 | 3.6000 | 3.8800 | 0.027 | 3.5413 | 0.1598 
38 | 3.8000 | 3.2909 | 3.9000 | 3.879 | 3.7000 | 0.022 0.011 | 3.9240 | 3.9000 | 3.9000 | 3.7000 | 3.9800 | 0.027 | 3.6447 | 0.1598 
39 | 3.9000 | 3.3775 | 4.0000 | 3.979 | 3.8000 | 0.022 | 0.011 | 4.0240 | 4.0000 | 4.0000 | 3.8000 | 4.0800 | 0.027 | 3.7415 | 0.1598 
40 | 4.0000 | 3.4641 | 4.1000 | 4.079 | 3.9000 | 0.022 | 0.011 | 4.1240 | 4.1000 | 4.1000 | 3.9000 | 4.1800 | 0.027 | 3.8447 | 0.1598 
41 | 4.1000 | 3.5507 | 4.2000 | 4.179 | 4.0000 | 0.022 0.011 | 4.2240 | 4.2000 | 4.2000 | 4.0000 | 4.2800 | 0.027 | 3.9416 | 0.1598 
42 | 4.2000 | 3.6373 | 4.3000 | 4.279 | 4.1000 | 0.022 | 0.011 | 4.3240 | 4.3000 | 4.3000 | 4.1000 | 4.3800 | 0.027 | 4.0447 | 0.1598 
43 | 4.3000 | 3.7239 | 4.4000 | 4.379 | 4.2000 | 0.022 0.011 | 4.4240 | 4.4000 | 4.4000 | 4.2000 | 4.4800 | 0.027 | 4.1418 | 0.1598 
44 | 4.4000 | 3.8105 | 4.5000 | 4.479 | 4.3000 | 0.022 | 0.011 | 4.5240 | 4.5000 | 4.5000 | 4.3000 | 4.5800 | 0.027 | 4.2447 | 0.1598 
45 | 4.5000 | 3.8971 | 4.6000 | 4.579 | 4.4000 | 0.022 0.011 | 4.6240 | 4.6000 | 4.6000 | 4.4000 | 4.6800 | 0.027 | 4.3420 | 0.1598 
46 | 4.6000 | 3.9837 | 4.7000 | 4.679 | 4.5000 | 0.022 | 0.011 | 4.7240 | 4.7000 | 4.7000 | 4.5000 | 4.7800 | 0.027 | 4.4447 | 0.1598 
47 | 4.7000 | 4.0703 | 4.8000 | 4.779 | 4.6000 | 0.022 0.011 | 4.8240 | 4.8000 | 4.8000 | 4.6000 | 4.8800 | 0.027 | 4.5420 | 0.1598 
48 | 4.8000 | 4.1569 | 4.9000 | 4.879 | 4.7000 | 0.022 0.011 4.9240 | 4.9000 | 4.9000 | 4.7000 | 4.9800 | 0.027 | 4.6447 | 0.1598 
49 | 4.9000 | 4.2435 | 5.0000 | 4.979 | 4.8000 | 0.022 | 0.011 | 5.0240 | 5.0000 | 5.0000 | 4.8000 | 5.0800 | 0.027 | 4.7424 | 0.1599 
50 | 5.0000 | 4.3301 | 5.1000 | 5.079 | 4.9000 | 0.022 | 0.011 | 5.1240 | 5.1000 | 5.1000 | 4.9000 | 5.1800 | 0.027 | 4.8449 | 0.1599 


. The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating process. 


° If this dimension is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
the chamfer applied. 


47 = 0.0001 X diameter (Col 4). : 
2 Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 


Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
made, add 60% of the lead error to this dimension (see Table 27). 
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TABLE 12b—10/20 Diametral Pitch, External* 
10/20 Diametral Pitch Addendum (Basic), 0.0500 Circular Pitch, 0.3142 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.1920 
EXTERNAL 
Major-diameter fit> Fillet root® | Dimensions for all fits 
Flat-root side fit Tooth thickness 
| A Major-diam 
M d u . CLA CIB CLC 
| ajor diameter chamfer ; Mino see ae ne e Rs Measurement over pins | | 
| cia digm' dam ra diam Max effective 
| c1i Clit Cl Til Dim Ht Rad Ht CLA C1B C1C | 0.1566 | 0.1582 | 0.1601 
| 1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
| 
-++0.0000 | +0.0000 | +-0.0009 : | ' : . b cet 
| = Be ye a me App Min Be ot App Max may ee pau Minf Max Min Min Min Min dimensional® 
| 6 | 0.6985) 0.6999} 0.7009] 0.023) 0.009) 0.4760) 0.017) 0.017} 0.7000} 0.4200; — | 0.5296) 0.8820) 0.8861) 0.8866)0. 1536/0. 1552/0. 1571 
| 7 | 0.7985} 0.7999} 0.8009} 0.023) 0.009) 0.5760) 0.015} 0.015) 0.8000) 0.5200) — | 0.6162) 0.9636) 0.9657) 0.9682/0. 1536)0.1552/0.1571 
| 8 | 0.8985} 0.8999} 0.9009} 0.023) 0.009) 0.6760) 0.014! 0.014!) 0.9000} 0.6200} 0.037] 0.7100} 1.0846} 1.0868] 1.0894)/0.1536)0.1552/0.1571 
9 | 0.9985) 0.9999} 1.0009} 0.023) 0.010) 0.7760) 0.013) 0.013} 1.0000} 0.7200} 0.037} 0.8000} 1.1706} 1.1728) 1.1754/0.1536)/0. 1552/0. 1571 
10 | 1.0985) 1.0999} 1.1009} 0.023) 0.010) 0.8760) 0.012) 0.012} 1.1000) 0.8200) 0.036) 0.9000} 1.2863) 1.2886] 1.2913]0.1535)0. 1551/0. 1570 
| 
11 | 1.1985} 1.1999} 1.2009} 0.023) 0.010) 0.9760} 0.012} 0.011) 1.2000] 0.9200) 0.035) 1.0000) 1.3749) 1.3772) 1.3799|0.1535/0.1551/0. 1570 
| 12 | 1.2985} 1.2999} 1.3009) 0.023) 0.010} 1.0760) 0.011] 0.011) 1.3000} 1.0200) 0.035) 1.1000) 1.4878) 1.4901} 1.4929/0.1535|0.1551/0.1570 
| 13 | 1.3985} 1.3999} 1.4009} 0.023) 0.010) 1.1760} 0.011] 0.010) 1.4000} 1.1200) 0.035) 1.2000) 1.5782) 1.5805) 1.5833/0.1535/0. 1551/0. 1570 
|| 14 | 1.4985) 1.4999) 1.5010) 0.023} 0.010) 1.2760) 0.010} 0.010) 1.5000) 1.2200) 0.034} 1.3000) 1.6888] 1.6912) 1.6940/0.1535/0. 1551/0. 1570 
15 | 1.5985) 1.5999) 1.6010) 0.024) 0.010} 1.3760] 0.010) 0.010) 1.6000} 1.3200) 0.034! 1.4000) 1.7805) 1.7829] 1.7857/0. 1535/0. 1551/0. 1570 
| 16 | 1.6985) 1.6999} 1.7010) 0.024| 0.010) 1.4760} 0.010} 0.009} 1.7000} 1.4200) 0.033} 1.5000) 1.8897) 1.8921) 1.8950)0.1535|0.1551|0. 1570 
| 17 | 1.7985} 1.7999] 1.8010} 0.024} 0.010) 1.5760] 0.010} 0.009] 1.8000} 1.5200) 0.033} 1.6000] 1.9824) 1.9848] 1.9877/0.1535/0.1551|0. 1570 
| 18 | 1.8985} 1.8999] 1.9010] 0.024) 0.010} 1.6760) 0.010) 0.009) 1.9000) 1.6200} 0.033) 1.7000} 2.0904} 2.0928] 2.0956/0. 1535/0. 1551/0. 1570 
19 | 1.9985) 1.9999] 2.0010) 0.024) 0.010) 1.7760) 0.010) 0.009) 2.0000) 1.7200) 0.033) 1.8000) 2.1839] 2.1863) 2.18910. 1535|0. 1551/0. 1570 
20 | 2.0985} 2.0999} 2.1010} 0.024) 0.010) 1.8760) 0.010) 0.009} 2.1000) 1.8200) 0.033) 1.9000) 2.2910) 2.2935) 2.2963/0.1535}0.1551/0.1570 
|) 21 | 2.1985} 2.1999] 2.2010) 0.024! 0.010) 1.9760] 0.010) 0.008] 2.2000) 2.9200] 0.032] 2.0000] 2.3851] 2.3875] 2.390410. 1535|0.1551|0. 1570 
22 | 2.2985! 2.2999) 2.3010) 0.024) 0.010} 2.0760} 0.010) 0.008) 2.3000} 2.0200} 0.032} 2.1000} 2.4915} 2.4939] 2.4968)}0. 1535/0. 1551/0. 1570 
23 | 2.3985] 2.3999) 2.4010) 0.024) 0.010) 2.1760} 0.010) 0.008} 2.4000} 2.1200) 0.032) 2.2000) 2.5862) 2.5886} 2.591510. 1535/0. 1551/0. 1570 
24 | 2.4985} 2.4999) 2.5011) 0.024) 0.011) 2.2760} 0.010} 0.008] 2.5000) 2.2200) 0.032) 2.3000) 2.6919] 2.6944) 2.6973)/0. 1535/0. 155110. 1570 
25 | 2.5985] 2.5999) 2.6011) 0.024) 0.011) 2.3760) 0.010) 0.008) 2.6000) 3.3200} 0.032} 2.4000) 2.7870) 2.7895) 2.7924|0.1535|0. 155110. 1570 
26 | 2.6985) 2.6999) 2.7011) 0.024] 0.011) 2.4760) 0.010) 0.008) 2.7000) 2.4200) 0.032} 2.5000) 2.8923) 2.8948) 2.8977|0.1535/0. 1551/0. 1570 
27 | 2.7985} 2.7999} 2.8011) 0.024). 0.011) 2.5760) 0.010) 0.008) 2.8000) 2.5200) 0.032) 2.6000) 2.9878) 2.9903) 2.9932)/0.1535|0. 1551/0. 1570 
28 | 2.8985] 2.8999} 2.9011) 0.024) 0.011) 2.6760] 0.010} 0.008} 2.9000) 2.6200} 0.032) 2.7000) 3.0925) 3.0950) 3.0980/0.1534|0. 1550/0. 1569 
29 | 2.9985} 2.9999} 3.0011) 0.024) 0.011) 2.7760) 0.010) 0.008) 3.0000) 2.7200) 0.031) 2.8000} 3.1883] 3.1908] 3.1938)0. 1534/0. 1550|0. 1569 
30 | 3.0985} 3.0999} 3.1011) 0.024) 0.011) 2.8760) 0.010) 0.007} 3.1000) 2.8200] 0.031} 2.9000) 3.2928) 3.2953) 3.2983]/0. 1534/0. 1550/0. 1569 
31 | 3.1985) 3.1999) 3.2011) 0.024) 0.011) 2.9760) 0.010} 0.007} 3.2000} 2.9200} 0.031} 3.0000] 3.3889] 3.3914) 3.3944/0. 1534/0. 1550)0. 1569 
82 | 3.2985} 3.2999) 3.3011) 0.024) 0.011) 3.0760) 0.010) 0.007) 3.3000) 3.0200) 0.031} 3.1000) 3.4930) 3.4955) 3.4986]0. 1534/0. 1550)0. 1569 
33 | 3.3985) 3.3999) 3.4011| 0.024) 0.011} 3.1760} 0.010) 0.007] 3.4000) 3.1200) 0.031} 3.2000} 3.5893) 3.5918] 3.5949)/0. 1534/0. 1550/0. 1569 
\ 34 | 3.4985) 3.4999} 3.5012) 0.024) 0.011} 3.2760} 0.010} 0.007) 3.5000) 3.2200) 0.031) 3.3000} 3.6933} 3.6958] 3.6989)0. 1534/0. 1550/0. 1569 
: 85 | 3.5985) 3.5999) 3.6012) 0.024) 0.011) 3.3760) 0.010} 0.007) 3.6000) 3.3200) 0.031) 3.4000) 3.7898) 3.7923] 3.795410. 1534/0. 1550)0. 1569 
| 36 | 3.6985] 3.6999} 3.7012) 0.024; 0.011) 3.4760] 0.010) 0.007) 3.7000) 3.4200} 0.031} 3.5000) 3.8985) 3.8960) 3.8991|0.1534/0. 1550/0. 1569 
J 37 | 3.7985} 3.7999} 3.8012} 0.024) 0.011} 3.5760] 0.010) 0.007) 3.8000) 3.5200) 0.031) 3.6000] 3.9902} 3.9927] 3.99580. 1534/0. 1550/0. 1569 
: 38 | 3.8985} 3.8999} 3.9012) 0.024) 0.011] 3.6760) 0.010) 0.007| 3.9000) 3.6200) 0.031) 3.7000) 4.0937} 4.0962] 4.0993/0. 1534/0. 1550/0. 1569 
39 | 3.9985} 3.9999) 4.0012} 0.024) 0.011) 3.7760] 0.010) 0.007) 4.0000) 3.7200) 0.031} 3.8000) 4.1906) 4.1931] 4.1962/0. 1534/0. 1550/0. 1569 
40 | 4.0985| 4.0999] 4.1012} 0.024! 0.011] 3.8760} 0.010) 0.007} 4.1000) 3.8200) 0.031) 3.9000} 4.2938] 4.2964) 4.2995]/0. 1534/0. 1550/0. 1569 
41 | 4.1985] 4.1999} 4.2012) 0.024) 0.011) 3.9760) 0.010) 0.007) 4.2000} 3.9200] 0.031] 4.0000) 4.3908) 4.3934) 4.3965)0.1534|0. 1550/0. 1569 
42 | 4.2985) 4.2999] 4.3012) 0.024] 0.011) 4.0760) 0.010} 0.007) 4.3000) 4.0200) 0.031} 4.1000) 4.4940} 4.4966] 4.49970. 1534/0. 1550/0. 1569 
43 | 4.3985) 4.3999) 4.4012) 0.024) 0.011) 4.1760) 0.010} 0.007) 4.4000) 4.1200) 0.031} 4.2000) 4.5911] 4.5937] 4.5968]0. 1534/0. 1550/0. 1569 
es 44 | 4.4985) 4.4999) 4.5013) 0.024] 0.011) 4.2760) 0.010} 0.007| 4.5000) 4.2200) 0.031] 4.3000] 4.6941] 4.6967] 4.6998]/0.1534/0. 1550/0. 1569 
45 | 4.5985) 4.5999) 4.6013} 0.024] 0.011) 4.3760) 0.010} 0.007| 4.6000) 4.3200) 0.031} 4.4000] 4.7914) 4.7940] 4.7971/0.1534/0. 1550/0. 1569 
, 46 | 4.6985} 4.6999} 4.7013) 0.024) 0.011} 4.4760) 0.010) 0.007) 4.7000} 4.4200} 0.031} 4.5000) 4.8943) 4.8969} 4.9000)0.1534/0.1550/0. 1569 
i 47 | 4.7985] 4.7999] 4.8013} 0.024) 0.011) 4.5760) 0.010) 0.007) 4.8000) 4.5200} 0.030} 4.6000) 4.9915) 4.9941] 4.9972/0.1533|0.1549)0. 1568 
48 | 4.8985) 4.8999) 4.9013) 0.024/ 0.011) 4.6760} 0.010} 0.007) 4.9000) 4.6200) 0.030] 4.7000} 5.0942) 5.0968) 5.0999)0. 1533/0. 1549/0. 1568 
49 | 4.9985) 4.9999} 5.0013} 0.024 0.011) 4.7760} 0.010} 0.007} 5.0000) 4.7200) 0.030) 4.8000} 5.1917} 5.1943] 5.1974/0. 1533/0. 1549/0. 1568 
50 | 5.0985) 5.0999} 5.1013) 0.024) 0.011} 4.8760} 0.010} 0.007| 5.1000) 4.8200) 0.030) 4.9000} 5.2944) 5.2970} 5.3001)0. 1533)0. 1549/0. 1568 
® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 
x This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 
When Col 9B is used for the internal spline, reduce this dimension as covered in Table 12a, footnote c. 
® J = 0.0002 X diameter (Col 24). 
f Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 


made, subtract 60% of the lead error from this dimension (see Table 27). 


1 
7 
® Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
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TABLE 13a—12/24 Diametral Pitch, Internal 


12/24 Diametral Pitch Addendum (Basic), 0.0417 Circular Pitch, 0.2618 
Pressure Angle,. 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.1200 
INTERNAL 
INTERNAL AND EXTERNAL 
Major-diameter fit | Fillet-root side fit All fits 
Flat-Root Side Fit u Space 
. Base- . easure- wi 
N Pee circle Major TIF Major-diam fillet Major diam Minor Major Fillet ment [= 
ref diam, asic diam Minor TIF diam diam rad between Min 
ref diam Rad Ht Full Short diam pins effective 
deden deden® | 0.1309 
1 2 3 4 5 6 7 8 9A OB eu 10, 11 12 13 14 15 
+0.0007 A 
Recommended =1,0-0007 ! +0.0025 +0.0133 | + Ld : +0.0025 | +0.0133 : Dimen- 
tolerance—> fey pie SB <a) —ooney| | ABP Max | “0.0000 | —(0.0007| Mim | 0.0000 | —o:0000 | Min® Max acum 
: ~0. +L) ax’ 


6 | 0.5000 | 0.4330 | 0.5833 | 0.576 | 0.4480 | 0.012 
7 | 0.5833 | 0.5052 | 0.6667 | 0.658 | 0.5152 | 0.013 
8 | 0.6667 | 0.5774 | 0.7500 | 0.739 | 0.5833 | 0.014 
9 | 0.7500 | 0.6495 | 0.8333 | 0.822 | 0.6667 | 0.015 
10 |-0.8333 | 0.7217 | 0.9167 | 0.906 | 0.7500 | 0.015 


0.6040 | 0.5833 | 0.5833 | 0.4430 | 0.6500 | 0.011 | 0.3707 | 0.1333 
0.6873 | 0.6667 | 0.6667 | 0.5152 | 0.7333 | 0.013 | 0.4399 | 0.1334 
0.7707 | 0.7500 | 0.7500 | 0.5833 | 0.8167 | 0.014 | 0.5375 | 0.1334 _ 
0.8540 | 0.8333 | 0.8333 | 0.6667 |-0.9000 | 0.015 | 0.6097 | 0.1334 
0.9373 | 0.9167_| 0.9167 |-0.7500 | 0.9833 | 0.016 | 0.7043 | 0.1334 


11 | 0.9167 | 0.7939 | 1.0000 | 0.987 | 0.8333} 0.016 1.0207 | 1.0000 | 1.0000 | 0.8333 | 1.0667 | 0.017 | 0.7767 | 0.1334 
12 | 1.0000 | 0.8660 | 1.0833 | 1.070 | 0.9167 ; 0.016 1.1040 | 1.0833 | 1.0833 | 0.9167 | 1.1500 | 0.017 | 0.8709 | 0.1334 
13 | 1.0833 | 0.9382 | 1.1667 | 1.154 | 1.0000 | 0.016 1.1873 | 1.1667 | 1.1667 | 1.0000 | 1.2333 | 0.018 | 0.9465 | 0.1334 
14 | 1.1667 | 1.0104 | 1.2500 | 1.237 | 1.0833 | 0.017 1.2707 | 1.2500 | 1.2500 | 1.0833 | 1.3167 | 0.018 | 1.0377 | 0.1334 
15 |. 1.2500 | 1.0825 | 1.3333 | 1.320 | 1.1667 | 0.017 1.3540 | 1.33383 | 1.3333 | 1.1667 | 1.4000 | 0.019 | 1.1142 | 0.1334 
16 | 1.3333 | 1.1547 | 1.4167 | 1.402 | 1.2500 | 0.017 1.4373 | 1.4167 | 1.4167 | 1.2500 | 1.4833 | 0.019 | 1.2044 | 0.1334 
17 | 1.4167 | 1.2269 | 1.5000 | 1.485 | 1.3333 | 0.017 1.5207 | 1.5000 | 1.5000 | 1.3333 | 1.5667 | 0.019 | 1.2816 | 0.1334 
18 | 1.5000 | 1.2990 | 1.5833 | 1.568 | 1.4167 | 0.017 1.6040 | 1.5833 | 1.5833 | 1.4167 | 1.6500 | 0.020 | 1.3710 | 0.1334 
19 | 1.5833 | 1.3712 | 1.6667 | 1.652 | 1.5000 | 0.017 1.6873 | 1.6667 | 1.6667 | 1.5000 | 1.7333 | 0.020 | 1.4489 | 0.1334 
20 | 1.6667 | 1.4434 | 1.7500 | 1.735 | 1.5833 | 0.017 1.7707 | 1.7500 | 1.7500 | 1.5833 | 1.8167 | 0.020 | 1.5376 | 0.1334 
21 | 1.7500 | 1.5155 | 1.8333 | . 1.818 | 1.6667 | 0.018 1.8540 | 1.8333 | 1.8333 | 1.6667 | 1.9000 | 0.020 | 1.6164 | 0.1335 
22 | 1.8333 | 1.5877 | 1.9167 | 1.902 | 1.7500 | 0.018 1.9373 | 1.9167 | 1.9167 | 1.7500 | 1.9833 | 0.020 | 1.7045 | 0.1385 
23 | 1.9167 | 1.6599 | 2.0000 | 1.985 | 1.8333 | 0.018 2.0207 | 2.0000 | 2.0000 | 1.8333 | 2.0667 | 0.021 | 1.7834 | 0.1335 
24 | 2.0000 | 1.7321 | 2.0833 | 2.068 | 1.9167 | 0.018 2.1040 | 2.0833 | 2.0833 | 1.9167 | 2.1500 | 0.021 | 1.8712 | 0.1335 
25 | 2.0833 | 1.8042 | 2.1667 | 2.152 | 2.0000 | 0.018 2.1873 | 2.1667 | 2.1667 | 2.0000 | 2.2333 | 0.021 | 1.9504 | 0.1335 
26 | 2.1667 | 1.8764 | 2.2500 | 2.235 | 2.0833 | 0.018 2.2707 | 2.2500 | 2.2500 | 2.0833 | 2.3167 | 0.021 | 2.0379 | 0.1335 
27 | 2.2500 | 1.9486 | 2.3333 | 2.318 | 2.1667 | 0.018 2.3540 | 2.3333 | 2.3333 | 2.1667 | 2.4000 | 0.021 | 2.1174 | 0.1335 


28 | 2.3333 | 2.0207 | 2.4167 | 2.402 | 2.2500 | 0.018 
29 | 2.4167 | 2.0929 | 2.5000 | 2.485 | 2.3333 | 0.018 
30 | 2.5000 | 2.1651 | 2.5833 | 2.566 | 2.4167 | 0.018 


2.4373 | 2.4167 | 2.1467 | 2.2500 | 2.4833 | 0.021 | 2.2045 | 0.1335 
2.5207 | 2.5000 | 2.5000 | 2.3333 | 2.5667 | 0.021 | 2.2838 | 0.1335 
2.6040 | 2.5833 | 2.5833 | 2.4167 | 2.6500 | 0.021 | 2.3712 | 0.1335 


© OOOCDO OCOOODOO O8F8OOC M0000 comonMqoon NNNNN DD HD Or 


oooss sossS ssssS ss9osS Ssess9 SsS99 SsSsSseS SSeS5 SeSSs9e 
2ess8 38888 S88s8 883s S8883 8838s Sss8s S8ees 38338 


| 
31 | 2.5833 | 2.2372 | 2.6667 | 2.650 | 2.5000 | 0.018 2.6873 | 2.6667 | 2.6667 | 2.5000 | 2.7333 | 0.022 | 2.4512 | 0.1335 
32 | 2.6667 | 2.3094 | 2.7500 | 2.733 | 2.5833 | 0.018 2.7707 | 2.7500 | 2.7500 | 2.5833 | 2.8167 | 0.022 | 2.5379 | 0.1335 
33 | 2.7500 | 2.3816 | 2.8333 | 2.816 | 2.6667 | 0.018 2.8540 | 2.8333 | 2.8333 | 2.6667 | 2.9000 | 0.022 | 2.6182 | 0.1335 
34 | 2.8333 | 2.4537 | 2.9167 | 2.900 | 2.7500 | 0.018 2.9373 | 2.9167 | 2.9167 | 2.7500 | 2.9833 | 0.022 | 2.7046 | 0.1335 
35 | 2.9167 | 2.5259 | 3.0000 | 2.983 | 2.8333 | 0.018 3.0207 | 3.0000 | 3.0000 | 2.8333 | 3.0667 | 0.022 | 2.7851 | 0.1336 
36 | 3.0000 | 2.5981 | 3.0833 | 3.066 | 2.9167 | 0.018 3.1040 | 3.0833 | 3.0833 | 2.9167 | 3.1500 | 0.022 | 2.8713 | 0.1336 
37 | 3.0833 | 2.6702 | 3.1667 | 3.150 | 3.0000 | 0.018 3.1873 | 3.1667 | 3.1667 | 3.0000 | 3.2333 | 0.022 | 2.9519 | 0.1336 
38. | 3.1667 | 2.7424 | 3.2500 | 3.233 | 3.0833 | 0.018 3.2707 | 3.2500 | 3.2500 | 3.0833 |-8.3167 | 0.022 | 3.0380 | 0.1336 
39 | 3.2500 | 2.8146 | 3.3333 | 3.316 | 3.1667 | 0.018 3.3540 | 3.3333 | 3.3333 | 3.1667 | 3.4000 | 0.022 | 3.1187 | 0.1336 
40 | 3.3333 | 2.8867 | 3.4167 | 3.400 | 3.2500 | 0.018 3.4373 | 3.4167 | 3.1467 | 3.2500 | 3.4833 | 0.022 | 3.2047 | 0.1336 
41 | 3.4167 | 2.9589-| 3.5000 | 3.483 | 3.3333 | 0.018 3.5207 | 3.5000 | 3.5000 | 3.3333 | 3.5667 | 0.022 | 3.2855 | 0.1336 
42 | 3.5000 | 3.0311 | 3.5833 | 3.566 | 3.4167 | 0.019 3.6040 | 3.5833 | 3.5833 | 3.4167 | 3.6500 | 0.022 | 3.3713 | 0.1336 
43 | 3.5833 | 3.1033 | 3.6667 | 3.650 | 3.5000 | 0.019 3.6873 | 3.6667 | 3.6667 | 3.5000 | 3.7333 | 0.022 | 3.4523 | 0.1336 
44 | 3.6667 | 3.1754 | 3.7500 | 3.733 | 3.5833 | 0.019 3.7707 | 3.7500 | 3.7500 | 3.5833 | 3.8167 | 0.022 | 3.5380 | 0.1336 
45 | 3.7500 / 3.2476 | 3.8333 | 3.816 | 3.6667 | 0.019 3.8540 | 3.8333 | 3.8333 | 3.6667 | 3.9000 |. 0.022 | 3.6190 | 0.1336 
| 
46 | 3.8333 | 3.3198 | 3.9167 | 3.900 | 3.7500 | 0.019 3.9373 | 3.9167 | 3.9167 | 3.7500 | 3.9833 | 0.022 | 3.7047 | 0.1336 
47 | 3.9167 | 3.3919 | 4.0000 | 3.983 | 3.8333 | 0.019 4.0207 | 4.0000 | 4.0000 | 3.8333 | 4.0667 | 0.022 | 3.7858 | 0.1336 
48 | 4.0000 | 3.4641 4.0833 | 4.066 | 3.9167 | 0.019 4.1040 | 4.0833 | 4.0833 | 3.9167 | 4.1500 | 0.022 | 3.8714 | 0.1336 
49 | 4.0833 | 3.5363 | 4.1667 | 4.150 | 4.0000} 0.019 4.1873 | 4.1667 | 4.1667 | 4.0000 | 4.2333 | 0.022 | 3.9528 | 0.1337 
50 | 4.1667 | 3.6084 | 4.2500 | 4.233 | 4.0833 | 0.019 4.2707 | 4.2500 | 4.2500 | 4.0833 | 4.3167 | 0.022 | 4.0382 | 0.1337 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 

b Intended for cutting by a generating process. 

© If this dimension is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
the chamfer applied. 

47 = 0.0001 X diameter (Col 4). 

© Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 

f Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
made, add 60% of the lead error to this dimension (see Table 27). 
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TABLE 18b—12/24 Diameiral Pitch, External® 


12/24 Diametral Pitch Addendum (Basic), 0.0417 Circular Pitch, 0.2618 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.1600 


EXTERNAL 


Major-diameter fit® Fillet root® | Dimensions op all fits 
Flat-root side fit Sis Tooth thickness 
Major diameter Ma jor-diam nent, t id f cia | cis | cic 
Minor fillet Major | Minor | Fil TIF Gore yon ia 
¥ diam |  —*|: diam4 | diam | rad | diam are Sy. Max effective 
CLI CLIL Cl II Dim Ht Rad Ht CLA C1B CYC 0.1304 | 0.1320 | 0.1339 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
+0.0000 0.0000 | +0.0009 
= (0.0019 (os “t+ Je,| App | Min +0.0000') App | Max | 10-0000 | 0.0000 | inf | Max | Min |° Min | Min Min dimensionalé 
0.5818) 0.5832} 0.5842] 0.019} 0.008! 0.3960] 0.014|.0.014) 0.5833} 0.3500} — | 0.4430) 0.7342] 0.7363] 0.7388/0. 1274/0. 1290/0. 1309 
0.6652) 0.6666) 0.6676) 0.019} 0.008} 0.4793]. 0.013} 0.013) 0.6667) 0.43833) — | 0.5152!) 0.8022) 0.8043} 0.8068/0. 1274/0. 1290]0. 1309 
0.7485) 0.7499] 0.7509) 0.019} 0.008} 0.5627/ 0.012} 0.011) 0.7500} 0.5167] 0.031] 0.5833) 0.9031] 0.9053! 0.9079/0. 1274/0. 1290/0. 1309 
0.8318] 0.8332) 0.8342) 0.019} 0.008; 0.6460} 0.011} 0.011} 0.8333] 0.6000) 0.030) 0.6667) 0.9747) 0.9769] 0.9795/0. 1274/0. 1290/0. 1309 
0.9152} 0.9166) 0.9176) 0.019} 0.008} 0.7293} 0.010} 0.010} 0.9167; 0.6833} 0.030) 0.7500) 1.0711) 1.0734} 1.0761/0. 1273/0. 1289]0. 1308 
0.9985! 0.9999} 1.0009} 0.020) 0.008} 6.8127) 0.010} 0.009) 1.0000) 0.7667] 0.029) 0.8333) 1.1449] 1.1472] 1.1499/0.1273/0.1289|0. 1308 
1.0818} 1.0832) 1.0842! 0.020) 0.008) 0.8960) 0.009} 0.009} 1.0833) 0.8500) 0.029} 0.9167} 1.2389) 1.2412) 1.2440/0.1273]0.1289)0.1308 
1.1652) 1.1666) 1.1676} 0.020} 0.008] 0.9793) 0.009) 0.009} 1.1667) 0.9333] 0.028} 1.0000} 1.3143] 1.3166} 1.3194/0. 1273/0. 1289/0. 1308 
1.2485) 1.2499) 1.2509) 0.020) 0.008} 1.0627} 0.009] 0.008) 1.2500) 1.0167) 0.028) 1.08383] 1.4065] 1.4089) 1.4117/0.1273)0. 1289|0. 1308 
1.3318) 1.3332) 1.3342) 0.020} 0.009) 1.1460) 0.009) 0.008} 1.3333} 1.1000) 0.028) 1.1667) 1.4829] 1.4853] 1.4881|0.1273|0.1289)|0.1308 
16 | 1.4152) 1.4166) 1.4176) 0.020) 0.009} 1.2293| 0.008] 0.008] 1.4167) 1.1833] 0.028) 1.2500) 1.5738] 1.5762] 1.5791\0. 1273/0. 1289/0. 1308 
17 | 1.4985) 1.4999] 1.5010) 0.020) 0.009] 1.3127} 0.008] 0.008) 1.5000) 1.2667| 0.027] 1.3333) 1.6511] 1.6535] 1.6564/0. 1273/0. 1289/0. 1308 
| 18 | 1.5818} 1.5832} 1.5843} 0.020) 0.009] 1.3960) 0.008) 0.007| 1.5833) 1.3500) 0.027) 1.4167] 1.7411] 1.7435] 1.7463]0. 1273/0. 1289|0.1308 
19 | 1.6652) 1.6666] 1.6677} 0.020) 0.009} 1.4793} 0.008| 0.007} 1.6667] 1.43833) 0.027} 1.5000) 1.8191] 1.8215) 1.8243/0.1273/0. 1289/0. 1308 
20 | 1.7485) 1.7499] 1.7510} 0.020] 0.009] 1.5627) 0.008) 0.007] 1.7500} 1.5167} 0.027) 1.5833} 1.9082] 1.9107] 1.9135/0.1273/0.1289)0. 1308 
ia 21 | 1.8318) 1.8332] 1.8343} 0.020) 0.009) 1.6460} 0.008} 0.007} 1.8333} 1.6000} 0.027) 1.6667) 1.9867) 1.9891] 1.9920)0.1273/0.1289)0.1308 
| 22 | 1.9152) 1.9166] 1.9177| 0.020] 0.009} 1.7293} 0.008) 0.007) 1.9167) 1.6833] 0.027) 1.7500} 2.0754| 2.0778] 2.0807/0. 1273/0. 1289|0.1308 
| 23 | 1.9985] 1.9999} 2.0010} 0.020} 0.009] 1.8127) 0.008] 0.007} 2.0000] 1.7667] 0.027) 1.8333] 2.1542) 2.1566) 2.1595)0.1273)0.1289|0.1308 
24 | 2.0818] 2.0832) 2.0843} 0.020} 0.009} 1.8960) 0.008] 0.007} 2.0833) 1.8500) 0.026} 1.9167| 2.2423) 2.2448) 2.2477|0.1273)0.1289)0. 1308 
25 | 2.1652| 2.1666] 2.1677} 0.020] 0.009} 1.9793) 0.008] 0.007} 2.1667) 1.9333) 0.026} 2.0000) 2.3216) 2.3241) 2.3270)0.1273)0.1289)0. 1308 
26 | 2.2485] 2.2499] 2.2510} 0.020} 0.009} 2.0627] 0.008} 0.007} 2.2500} 2.0167| 0.026) 2.0833) 2.4093) 2.4118) 2.4147|0. 1273/0. 1289/0. 1308 
27 | 2.3318} 2.3332} 2.3343) 0.020) 0.009} 2.1460} 0.008} 0.006) 2.3333} 2.1000} 0.026) 2.1667) 2.4889) 2.4914) 2.4943)0.1273/0.1289)0. 1308 
28 | 2.4152) 2.4166) 2.4177] 0.020} 0.009) 2.2293) 0.008] 0.006} 2.4167) 2.1833] 0.026} 2.2500] 2.5761) 2.5786] 2.5816]0. 1272/0. 1288/0. 1307 
29 | 2.4985) 2.4999] 2.5011) 0.020) 0.009) 2.3127) 0.008} 0.006) 2.5000) 2.2667} 0.026) 2.3333] 2.6559) 2.6584) 2.6614/0. 1272/0. 1288)/0.1307 
30 | 2.5818) 2.5832) 2.5844! 0.020} 0.009} 2.3960) 0.008] 0.006} 2.5833] 2.3500} 0.026} 2.4167| 2.7431] 2.7456] 2.7486)0. 1272/0. 1288/0. 1307 
31 | 2.6652) 2.6666] 2.6678) 0.020) 0.009) 2.4793] 0.008] 0.006) 2.6667) 2.4333} 0.026} 2.5000} 2.8231} 2.8256} 2.8286/0. 1272/0. 1288)/0. 1307 
32 | 2.7485) 2.7499] 2.7511) 0.020) 0.009] 2.5627) 0.008] 0.006) 2.7500) 2.5167) 0.026) 2.5833] 2.9099] 2.9124] 2.9155]0. 1272/0. 1288/0. 1307 
33 | 2.8318) 2.8332] 2.8344] 0.020) 0.009] 2.6460} 0.008] 0.006) 2.8333) 2.6000} .0.026) 2.6667] 2.9901) 2.9926] 2.9957|0. 1272/0. 1288/0. 1307 
: 34 | 2.9152) 2.9166] 2.9178] 0.020) 0.009] 2.7293) 0.008] 0.006) 2.9167) 2.6833) 0.026) 2.7500) 3.0767] 3.0792] 3.0823/0. 1272/0. 1288/0. 1307 
\ 35 | 2.9985) 2.9999] 3.0011] 0.020] 0.009} 2.8127| 0.008} 0.006] 3.0000] 2.7667) 0.026) 2.8333) 3.1571] 3.1596) 3.1627|0.1272)0.1288/0. 1307 
* 36 | 3.0818} 3.0832] 3.0844) 0.020) 0.009) 2.8960} 0.008] 0.006) 3.0833) 2.8500) 0.026) 2.9167) 3.2436) 3.2461] 3.2492/0.1272)0.1288)0.1307 
j 37 | 3.1652) 3.1666] 3.1678] 0.020] 0.009] 2.9793] 0.008} 0.006] 3.1667) 2.9333] 0.026} 3.0000) 3.3242) 3.3267| 3.3298/0.1272)/0.1288)0. 1307 
j 38 | 3.2485) 3.2499) 3.2511) 0.020) 0.009) 3.0627) 0.008) 0.006) 3.2500) 3.0167) 0.026] 3.0833) 3.4104) 3.4129 3.4160/0. 1272/0. 1288]0. 1307 
39 | 3.3318) 3.3332) 3.3344] 0.020} 0.009) 3.1460} 0.008/ 0.006) 3.3333] 3.1000) 0.025} 3.1667] 3.4911] 3.4936] 3.4967/0.1272)/0. 1288/0. 1307 
t 40 3.4152} 3.4166) 3.4178) 0.020) 0.009] 3.2293) 0.008) 0.006) 3.4167] 3.1833] 0.025) 3.2500] 3.5772] 3.5798] 3.5830/0. 1272/0. 1288]0. 1807 
: 41 | 3.4985] 3.4999] 3.5012/ 0.020) 0.009) 3.3127] 0.008} 0.006] 3.5000} 3.2667) 0.025] 3.3333] 3.6580) 3.6606] 3.6637/0.1272|0. 1288/0. 1307 
; 42 | 3.5818] 3.5832] 3.5845] 0.020) 0.009) 3.3960} 0.008} 0.006] 3.5833] 3.3500} 0.025} 3.4167) 3.7440] 3.7466] 3.7497/0.1272)0. 1288/0. 1307 
43 | 3.6652) 3.6666) 3.6679] 0.020] 0.009] 3.4793} 0.008} 0.006) 3.6667] 3.4333] 0.025] 3.5000) 3.8249] 3.8275] 3.8306/0.1272|0. 1288/0. 1307 
% 44 | 3.7485] 3.7499] 3.7512) 0.020) 0.009] 3.5627} 0.008) 0.006] 3.7500} 3.5167| 0.025} 3.5833} 3.9108} 3.9134} 3.9165|0. 1272/0. 1288)0. 1307 
; 45 | 3.8318] 3.8332) 3.8345] 0.020] 0.009) 3.6460} 0.008/ 0.006] 3.8333] 3.6000} 0.025] 3.6667] 3.9918] 3.9944] 3.9975/0.1272|0. 1288/0. 1307 
46 | 3.9152] 3.9166) 3.9179] 0.020] 0.009) 3.7293] 0.008] 0.006] 3.9167) 3.6833] 0.025] 3.7500] 4.0776} 4.0802] 4.0833/0.1272|0.1288/0.1307 
; 47 | 3.9985] 3.9999] 4.0012] 0.020| 0.009] 3.8127] 0.008} 0.006] 4.0000) 3.7667} 0.025] 3.8333] 4.1585] 4.1611| 4.1642/0.1271\0. 1287/0. 1306 
} 48 | 4.0818] 4.0832] 4.0845] 0.020] 0.009) 3.8960] 0.008} 0.006] 4.0833) 3.8500} 0.025] 3.9167| 4.2441] 4.2467| 4.2498]0.1271|0. 1287/0. 1306 
49 | 4.1652) 4.1666] 4.1679) 0.020) 0.009] 3.9793] 0.008] 0.006} 4.1667) 3.9333] 0.025) 4.0000] 4.3254) 4.3280} 4.3311]0.1271|0.1287|0. 1306 
50 | 4.2485] 4.2499] 4.2512) 0.020) 0.009] 4.0627] 0.008] 0.005) 4.2500) 4.0167] 0.025) 4.0833] 4.4109] 4.4135] 4.4166|0. 1271/0. 1287|0. 1306 
® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 


© This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 
4 When Col 9B is used for the internal spline, reduce this dimension as covered in Table 13a, footnote c. 
©& J = 0.0002 X diameter (Col 24). : 4 
Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
£ Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 
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TABLE 14a—16/32 Diametral Pitch, Internal* 


INVOLUTE SPLINES 


16/32 Diametral Pitch 


Pressure Angle, 30° 


Addendum (Basic), 0.0313 
Dedendum (See Sec 6) 


Circular Pitch, 0.1963 
Meas-Pin Diam, 0.0900 


ew, 


INTERNAL 
INTERNAL AND EXTERNAL 
Major-diameter fit | Filet-roet side fit All fits 
Flat-Root Side Fit Space 
. Base- . Measure- width 
Pitch circle Major TIF Major-diam fillet Major diam Minor Major Fillet ment 
N dam, diam, om diam MERGE TIF diam diam rad between Min 
tef diam Full Short diam pins effective 
Rad Ht deden> deden® 0.0982 
if 2 3 4 5 6 7 8 9A 9B 10 il 12 13 14 15 
+0.0007 3 
-+0.0007 d Dimen- 
Reggmmented | +2607 | an | $908 | oop | mex | 90 | Edie, | am | 88S | 48H8 | aioe | ate | 
es + L) 
6 | 0.3750 | 0.3248 | 0.4375 0.432 | 0.3348 | 0.009 0.003 | 0.4540 | 0.4375 | 0.4375 | 0.3848 | 0.4875 | 0.006 | 0.2792 | 0.1006 
7 | 0.4875 | 0.8789 | 0.5000 0.483 | 0.3889 | 0.010 0.004 | 0.5165 | 0.5000 | 0.5000 | 0.3889 | 0.5500 | 0.008 | 0.3310 | 0.1007 
8 | 0.5000 | 0.4330 | 0.5625 0.555 | 0.4875 | 0.011 0.004 | 0.5790 | 0.5625 | 0.5625 | 0.4375 | 0.6125 | 0.009 | 0.4043 | 0.1007 | 
9 | 0.5625 | 0.4871 | 0.6250 0.618 | 0.5000 | 0.011 0.004 | 0.6415 | 0.6250 | 0.6250 | 0.5000-|-0.6750 | 0.010 | 0.4584 | 0.1007 
10 | 0.6250 | 0.5413 | 0.6875 0.678 | 0.5625 | 0.012 0.005 | 0.7040 | 0.6875 | 0.6875_|.0.5625 | 0°7375 | 0.011 | 0.5294 0.1007 
11 | 0.6875 | 0.5954 | 0.7500 0.741 | 0.6250 | 0.012 0.005 | 0.7665 | 0.7500 | 0.7500 | 0.6250 | 0.8000 | 0.012 | 0.5849 | 0.1007 
12 | 0.7500 | 0.6495 | 0.8125 0.803 | 0.6875 | 0.012 0.005 | 0.8290 | 0.8125 | 0.8125 | 0.6875 | 0.8625 | 0.012 | 0.6543 | 0.1007 
13 | 0.8125 | 0.7036 | 0.8750 0.866 | 0.7500 | 0.012 0.005 | 0.8915 | 0.8750 | 0.8750 | 0.7500 | 0.9250 | 0.013 | 0.7110 | 0.1007 
14 | 0.8750 | 0.7578 | 0.9375 0.928 | 0.8125 | 0.012 0.005 | 0.9540 | 0.9375 | 0.9375 | 0.8125 | 0.9875 | 0.013 | 0.7794 | 0.1007 
15 | 0.9375 | 0.8119 | 1.0000 0.989 | 0.8750 | 0.013 0.006 | 1.0165 | 1.0000 | 1.0000 | 0.8750 | 1.0500 | 0.014 | 0.8368 | 0.1007 
16 | 1.0000 | 0.8660 | 1.0625 1.051 | 0.9375 | 0.013 0.006 | 1.0790 | 1.0625 | 1.0625 | 0.9375 | 1.1125 | 0.014 | 0.9045 | 0.1007 
17 | 1.0625 | 0.9202 | 1.1250 1.114 | 1.0000 | 0.013 0.006 | 1.1415 | 1.1250 | 1.1250 | 1.0000 | 1.1750 | 0.014 | 0.9623 | 0.1007 
18 | 1.1250 | 0.9743 | 1.1875 1.176 | 1.0625 | 0.013 0.006 | 1.2040 | 1.1875 | 1.1875 | 1.0625 | 1.2375 | 0.014 | 1.0294 | 0.1007 
19 | 1.1875 | 1.0284 | 1.2500 1.239 | 1.1250 | 0.013 0.006 | 1.2665 | 1.2500 | 1.2500 | 1.1250 | 1.3000 | 0.014 | 1.0878 | 0.1007 
20 | 1.2500 | 1.0825 | 1.3125 1.301 | 1.1875 | 0.0138 0.006 | 1.3290 | 1.3125 | 1.3125 | 1.1875 | 1.3625} 0.014 | 1.1543 | 0.1007 
21+) 1.3125 | 1.1867 | 1.3750 1.364 | 1.2500 | 0.013 0.006 | 1.3915 | 1.3750 | 1.3750 | 1.2500 | 1.4250 | 0.015 | 1.2134 | 0.1008 
22 | 1.38750 | 1.1908 | 1.43875 1.426 | 1.3125 | 0.013 0.006 | 1.4540 | 1.4375 | 1.4375 | 1.3125 | 1.4875 | 0.015 | 1.2795 | 0.1008 
23 | 1.4875 | 1.2449 | 1.5000 1.489 | 1.3750 | 0.013 0.006 | 1.5165 | 1.5000 | 1.5000 | 1.3750 | 1.5500 | 0.015 | 1.3387 | 0.1008 
24 | 1.5000 | 1.2990 | 1.5625 1.551 | 1.4875 | 0.013 0.006 | 1.5790 | 1.5625 | 1.5625 | 1.4375 | 1.6125 | 0.015 | 1.4045 | 0.1008 
25 | 1.5625 | 1.3532 | 1.6250 1.614 | 1.5000 | 0.013 0.006 | 1.6415 | 1.6250 | 1.6250 | 1.5000 | 1.6750 | 0.015 | 1.4640 | 0.1008 
26 | 1.6250 | 1.4073 | 1.6875 1.676 | 1.5625 | 0.013 0.006 | 1.7040 | 1.6875 | 1.6875 | 1.5625 | 1.7375 | 0.015 | 1.5296 | 0.1008 
27 | 1.6875 | 1.4614 | 1.7500 1.739 | 1.6250 | 0.013 0.006 | 1.7665 | 1.7500 | 1.7500 | 1.6250 | 1.8000 | 0.015 | 1.5892 | 0.1008 
28 | 1.7500 | 1.5155 | 1.8125 1.801 | 1.6875 | 0.014 0.006 | 1.8290 | 1.8125 | 1.8125 | 1.6875 | 1.8625 | 0.015 | 1.6546 | 0.1008 
29 | 1.8125 | 1.5697 | 1.8750 1.864 | 1.7500 | 0.014 0.006 | 1.8915 | 1.8750 | 1.8750 | 1.7500 | 1.9250 | 0.015 | 1.7144 | 0.1008 
30 | 1.8750 | 1.6288 | 1.9375 1.926 | 1.8125 | 0.014 0.006 | 1.9540 | 1.9375 | 1.9375 | 1.8125 | 1.9875 | 0.016 | 1.7796 | 0.1008 
31 | 1.9375 | 1.6779 | 2.0000 1.989 | 1.8750 | 0.014 0.006 | 2.0165 | 2.0000 | 2.0000 | 1.8750 | 2.0500 | 0.016 | 1.8396 | 0.1008 
32 | 2.0000 | 1.7321 | 2.0625 2.051 | 1.9375 | 0.014 0.006 | 2.0790 | 2.0625 | 2.0625 | 1.9375 | 2.1125 | 0.016 | 1.9046 | 0.1008 
33 | 2.0625 | 1.7862 | 2.1250 2.114 | 2.0000 | 0.014 0.006 | 2.1415 | 2.1250 | 2.1250 | 2.0000 | 2.1750 | 0.016 | 1.9648 | 0.1008 
34 | 2.1250 ; 1.8403 | 2.1875 2.176 | 2.0625 | 0.014 0.006 | 2.2040 | 2.1875 | 2.1875 | 2.0625 | 2.2375 | 0.016 | 2.0296 | 0.1008 
35 | 2.1875 | 1.8944 | 2.2500 2.237 | 2.1250 | 0.014 0.007 | 2.2665 | 2.2500 | 2.2500 | 2.1250 | 2.3000 | 0.016 | 2.0900 | 0.1009 
36 | 2.2500 | 1.9486 | 2.3125 2.299 | 2.1875 | 0.014 0.007 | 2.3290 | 2.3125 | 2.3125 | 2.1875 | 2.3625 | 0.016 | 2.1547 | 0.1009 
Sle poreleo i O02 2aata0 2.362 | 2.2500 | 0.014 0.007 | 2.3915 | 2.3750 | 2.3750 | 2.2500 | 2.4250 | 0.016 | 2.2151 | 0.1009 
38 | 2.3750 | 2.0568 | 2.4375 2.424 | 2.3125 | 0.014 0.007 | 2.4540 | 2.4375 | 2.4375 | 2.3125 | 2.4875 | 0.016 | 2.2797 | 0.1009 
39 | 2.4375 | 2.1109 | 2.5000 2.487 | 2.3750 | 0.014 0.007 | 2.5165 | 2.5000 | 2.5000 | 2.3750 | 2.5500 | 0.016 | 2.3402 | 0.1009 
40 | 2.5000 | 2.1651 | 2.5625 2.550 | 2.4375 | 0.014 0.007 | 2.5790 | 2.5625 | 2.5625 | 2.4375 | 2.6125 | 0.016 | 2.4047 | 0.1009 
41 | 2.5625 | 2.2192 | 2.6250 2.612 | 2.5000 | 0.014 0.007 | 2.6415 | 2.6250 | 2.6250 | 2.5000 | 2.6750 | 0.016 | 2.4653 | 0.1009 
42 | 2.6250 | 2.2733 | 2.6875 2.675 | 2.5625 | 0.014 0.007 | 2.7040 | 2.6875 | 2.6875 | 2.5625 | 2.7375 | 0.016 | 2.5297 | 0.1009 
43 | 2.6875 | 2.3274 | 2.7500 2.737 | 2.6250 | 0.014 0.007 | 2.7665 | 2.7500 | 2.7500 | 2.6250 | 2.8000 | 0.016 | 2.5904 | 0.1009 
44 | 2.7500 | 2.3816 | 2.8125 2.800 | 2.6875 | 0.014 0.007 | 2.8290 | 2.8125 | 2.8125 | 2.6875 | 2.8625 | 0.016 | 2.6547 | 0.1009 
45 | 2.8125 | 2.4857 | 2.8750 2.862 | 2.7500 | 0.014 0.007 | 2.8915 | 2.8750 | 2.8750 | 2.7500 | 2.9250 | 0.016 | 2.7154 | 0.1009 
46 | 2.8750 | 2.4898 | 2.9375 2.925 | 2.8125 | 0.014 0.007 | 2.9540 | 2.9375 | 2.9375 | 2.8125 | 2.9875 | 0.016 | 2.7797 | 0.1009 
47 | 2.9375 | 2.5440 | 3.0000 2.987 | 2.8750 | 0.014 0.007 | 3.0165 | 3.0000 | 3.0000 | 2.8750 | 3.0500 | 0.016 | 2.8385 | 0.1009 
48 | 3.0000 | 2.5981 | 3.0625 3.050 | 2.9375 | 0.014 0.007 | 3.0790 | 3.0625 | 3.0625 | 2.9375 | 3.1125 | 0.016 | 2.9047 | 0.1009 
49 | 3.0625 | 2.6522 | 3.1250 3.112 | 3.0000 | 0.014 0.007 | 3.1415 | 3.1250 | 3.1250 | 3.0000 | 3.1750 | 0.016 | 2.9658 | 0.1010 
50 | 3.1250 | 2.7068 | 3.1875 3.175 | 3.0625 | 0.014 0.007 | 3.2040 | 3.1875 | 3.1875 | 3.0625 | 3.2375 | 0.016 | 3.0299 | 0.1010 


* The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 


b Intended for cutting by a generating process. 
© Tf this dimension is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 


the chamfer applied. 


LT = 0.0001 X diameter (Col 4). 

7 Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
made, add 60% of the lead error to this dimension (see Table 27). 


INVOLUTE SPLINES 


TABLE 14b—16/32 Diametral Pitch, External* 


16/32 Diametral Pitch 
Pressure Angle, 30° 


Addendum (Basic), 0.0313 
Dedendum (See Sec 6) 


| 


Circular Pitch, 0.1963 


Meas-Pin Diam, 0.1200 


EXTERNAL 


Major-diameter fit> 


Fillet root® 


Dimensions for all fits 


Flat-root side fit 


Tooth thickness 


N Major diameter panier gina tes a cia | cp | cic 
Minor fillet Major | Minor | Fil TIF ea mont ever oss : 
diam diam? | diam | rad | diam Max effective 

Cli clit | clu | Dim | Ht Rad | Ht CHA ers C1C_ | 0.0977 | 0.0993 | 0.1012 

1 16 17 18 19 20 21 22 23 24 25 26 21 28 29 30 31 32 33 

40.0000 | +0.0000 | +0.0009 \ ; ; ee oe 
‘el Bad ig oT on App Min Bayi App Max ge eis Mint Max Min Min Min Min dimensional® 
6 | 0.4360] 0.4374! 0.4383] 0.014) 0.006} 0.2960} 0.011) 0.011) 0.4375) 0.2500) — 0.3348] 0.5495} 0.5516] 0.5541/0.0947/0.0963/0.0982 
7 | 0.4985} 0.4999} 0.5009} 0.014) 0.006) 0.3585) 0.009) 0.009} 0.5000) 0.3125) — 0.3889] 0.6005] 0.6026] 0.6051/0.0947/0.0963/0.0982 
8 | 0.5610) 0.5624} 0.5634) 0.014) 0.006) 0.4210} 0.009) 0.009) 0.5625) 0.3750) — 0.4375] 0.6761) 0.6783] 0.6809)0.0947/0.0963/0.0982 
9 | 0.6235) 0.6249) 0.6259) 0.015} 0.006) 0.4835} 0.008} 0.008) 0.6250} 0.4375) — 0.5000) 0.7298} 0.7320} 0.7346/0.0947/0.0963/0.0982 
10 | 0.6860) 0.6874! 0.6884! 0.015) 0.006) 0.5460} 0.008) 0.007) 0.6875) 0.5000; — 0.5625} 0.8021} 0.8044! 0.8071/0.0946/0.0962/0.0981 

11 | 0.7485} 0.7499) 0.7509} 0.015) 0.006} 0.6085} 0.007) 0.007) 0.7500) 0.5625} — 0.6250) 0.8574! 0.8597) 0.8624/0.0946|0.0962)/0.0981 

12 | 0.8110} 0.8124) 0.8134) 0.015} 0.006) 0.6710} 0.007) 0.007) 0.8125) 0.6250) 0.020} 0.6875} 0.9279) 0.9302) 9.9330/0.0946/0.0962/0.0981 

13 | 0.8735) 0.8749) 0.8759} 0.015} 0.006) 0.7335} 0.007) 0.006) 0.8750) 0.6875) 0.019] 0.7500) 0.9844) 0.9876} 0.9895/0.094610 .0962/0.0981 

14 | 0.9360) 0.9374) 0.9384) 0.015} 0.006) 0.7960) 0.007) 0.006) 0.9375} 0.7500} 0.019) 0.8125) 1.0535} 1.0559} 1.058710.0946/0.0962)0.0981 

15 | 0.9985} 0.9999} 1.0009} 0.015) 0.006) 0.8585; 0.006} 0.006) 1.0000} 0.8125) 0.018} 0.8750} 1.1109) 1.1132] 1.1161/0.0946/0.0962/0.0981 

16 | 1.0610] 1.0624] 1.0634] 0.015} 0.006; 0.9210) 0.006) 0.006} 1.0625) 0.8750} 0.018} 0.9375) 1.1790) 1.1814! 1.1843/0.0946)0.0962/0.0981 

17 | 1.1235) 1.1249) 1.1259) 0.015) 0.006; 0.9835} 0.006) 0.006; 1.1250) 0.9375} 0.018} 1.0000) 1.2370} 1.2394] 1.2423/0.0946]0.0962/0.0981 

18 | 1.1860} 1.1874} 1.1884] 0.015) 0.006] 1.0460} 0.006) 0.006) 1.1875} 1.0000] 0.018) 1.0625) 1.3045) 1.3069] 1.3097/0.0946|0.0962/0.0981 

19 | 1.2485) 1.2499} 1.2509} 0.015} 0.006) 1.1085) 0.006) 0.005} 1.2500} 1.0625) 0.017) 1.1250) 1.3629] 1.3653} 1.3681/0.0946/0.096210.0981 

20 | 1.3110} 1.3124!) 1.3134] 0.015} 0.007) 1.1710) 0.006} 0.005) 1.3125) 1.1250) 0.017) 1.1875) 1.4298) 1.4323] 1.4351/0.0946/0.0962/0.0981 

21 | 1.3735) 1.3749] 1.3759} 0.015] 0.007) 1.2335) 0.006! 0.005] 1.3750] 1.1875} 0.017] 1.2500) 1.4886} 1.4910] 1.4939/0.0946|0.0962/0.0981 

22 | 1.4860) 1.4374) 1.4384! 0.015) 0.007} 1.2960) 0.006) 0.005) 1.4375} 1.2500} 0.017] 1.3125) 1.5552} 1.5576} 1.5605/0.0946/0.0962/0.0981 

23 | 1.4985) 1.4999) 1.5010} 0.015} 0.007) 1.3585) 0.006} 0.005} 1.5000} 1.3125) 0.017) 1.3750) 1.6143} 1.6167] 1.6196/0.0946|0 .0962/0.0981 

24 | 1.5610) 1.5624) 1.5635) 0.015] 0.007] 1.4210) 0.006) 0.005} 1.5625) 1.3750} 0.016] 1.4375] 1.6804) 1.6829] 1.6858/0.0946]0.0962/0.0981 

25 | 1.6235) 1.6249} 1.6260} 0.015] 0.007) 1.4835) 0.006} 0.005} 1.6250} 1.4875] 0.016) 1.5000} 1.7398] 1.7423] 1.7452/0.0946/0.0962|0.0981 

26 | 1.6860} 1.6874] 1.6885) 0.015] 0.007} 1.5460] 0.006) 0.005) 1.6875} 1.5000} 0.016) 1.5625] 1.8056} 1.8081} 1.8110|0.0946/9 .0962|/0.0981 

27 | 1.7485) 1.7499} 1.7510) 0.015] 0.007) 1.6085) 0.006} 0.005} 1.7500} 1.5625] 0.016) 1.6250) 1.8653] 1.8678] 1.8707|0.0946/0.0962\0.0981 

28 | 1.8110} 1.8124) 1.8135] 0.015) 0.007] 1.6710] 0.006) 0.005} 1.8125) 1.6250} 0.016} 1.6875] 1.9306] 1.9331] 1.9361|0.0945/0.0961/0.0980 

29 | 1.8735) 1.8749} 1.8760] 0.015} 0.007) 1.7335) 0.006} 0.005} 1.8750} 1.6875] 0.016) 1.7500) 1.9905} 1.9930] 1.9960/0.0945]/0.0961|0.0980 

80 | 1.9360} 1.9374} 1.9385] 0.015} 0.007] 1.7960} 0.006} 0.005} 1.9375] 1.7500} 0.016] 1.8125} 2.0558} 2.0583] 2.0613\0.0945]0.0961/0.0980 

31 | 1.9985} 1.9999] 2.0010} 0.015} 0.007) 1.8585) 0.006] 0.005} 2.0000} 1.8125) 0.016} 1.8750} 2.1159] 2.1184| 2.1214/0.0945|0.0961/0.0980 

32 | 2.0610) 2.0624) 2.0635} 0.015} 0.007) 1.9210} 0.006} 0.005} 2.0625} 1.8750} 0.015] 1.9375} 2.1809} 2.1834} 2. 1865/0.0945]0.0961)0.0980 

33 | 2.1235) 2.1249) 2.1260] 0.015} 0.007! 1.9835] 0.006} 0.005} 2.1250} 1.9375] 0.015] 2.0000} 2.2411) 2.2436) 2.2467|/0.0945/0.0961|0.0980 

34 | 2.1860) 2.1874) 2.1885) 0.015) 0.007} 2.0460} 0.006} 0.005} 2.1875] 2.0000} 0.015) 2.0625) 2.3061) 2.3086] 2.3117|0.0945/0.0961/0.0980 

35 | 2.2485) 2.2499] 2.2510} 0.015} 0.007} 2.1085} 0.006) 0.004] 2.2500] 2.0625} 0.015} 2.1250) 2.3664) 2.3689) 2.3720/0.0945)0.0961|0.0980 

36 | 2.3110} 2.3124) 2.3135} 0.015] 0.007) 2.1710} 0.006) 0.004) 2.3125} 2.1250] 0.015} 2.1875] 2.4312} 2.4337] 2.4368]0.0945/0.0961/0.0980 

37 | 2.3735| 2.3749] 2.3760} 0.015} 0.007) 2.2335] 0.006] 0.004) 2.3750] 2.1875} 0.015} 2.2500] 2.4916} 2.4941] 2.4972/0.0945|0.0961/0.0980 

38 | 2.4360) 2.4374! 2.4385) 0.015] 0.007] 2.2960) 0.006} 0.004! 2.4375) 2.2500) 0.015} 2.3125) 2.5564! 2.5589] 2.5620/0.0945/0.0961/0.0980 

39 | 2.4985] 2.4999} 2.5011) 0.015] 0.007] 2.3585} 0.006} 0.004] 2.5000} 2.3125} 0.015} 2.3750} 2.6169] 2.6194) 2.6225/0.0945]0.0961|0.0980 

AO | 2.5610) 2.5624) 2.5636) 0.015|_0..007| 2.4210} 0.006) 0.004) 2.5625) 2.3750) 0.015) 2.4375] 2.6814) 2.6840} 2.6871/0.0945/0.0961/0.0980 

41 | 2.6235) 2.6249] 2.6261) 0.015] 0.007) 2.4835] 0.006} 0.004) 2.6250) 2.4375] 0.015} 2.5000) 2.7420) 2.7446) 2.7477|0.0945|0.0961/0.0980 

42 | 2.6860} 2.6874] 2.6886] 0.015} 0.007) 2.5460] 0.006] 0.004) 2.6875] 2.5000] 0.015} 2.5625] 2.8065) 2.8091) 2.8122/0.0945|0.0961/0.0980 

43 | 2.7485) 2.7499] 2.7511) 0.015] 0.007} 2.6085] 0.006! 0.004} 2.7500) 2.5625) 0.015) 2.6250) 2.8672) 2.8698) 2.8729|0.0945/0.0961/0.0980 

44 | 2.8110} 2.8124) 2.8136] 0.015} 0.007) 2.6710] 0.006] 0.004] 2.8125) 2.6250] 0.015} 2.6875] 2.9316) 2.9342} 2.9373]0.0945|0.0961/0.0980 

45 | 2.8735) 2.8749} 2.8761) 0.015] 0.007) 2.7335] 0.006] 0.004) 2.8750] 2.6875] 0.015} 2.7500} 2.9924) 2.9950) 2.9981\0.0945|0.0961/0.0980 

46 | 2.9360] 2.9374] 2.9386] 0.015] 0.007] 2.7960} 0.006] 0.004) 2.9375] 2.7500) 0.015] 2.8125} 3.0567| 3.0593] 3.0624/0.0945|0.0961|0.0980 

47 | 2.9985] 2.9999) 3.0011) 0.015} 0.007] 2.8585] 0.006} 0.004) 3.0000} 2.8125] 0.015} 2.8750) 3.1173] 3.1199} 3.1230/0.0944/0.0960)0.0979 

48 | 3.0610) 3.0624) 3.0636] 0.015] 0.007) 2.9210} 0.006} 0.004) 3.0625] 2.8750] 0.014! 2.9375) 3.1816) 3.1842] 3.1873/0.0944/0.0960)0.0979 

49 | 3.1235) 3.1249] 3.1261] 0.015) 0.007} 2.9835] 0.006} 0.004) 3.1250] 2.9375] 0.014! 3.0000] 3.2425] 3.2451] 3.2482/0.0944/0.0960|0.0979 

50 | 3.1860) 3.1874! 3.1886] 0.015] 0.007} 3.0460} 0.006] 0.004) 3.1875] 3.0000] 0.014} 3.0625) 3.3066) 3.3092) 3.3123/0.0944/0.0960|0.0979 


& The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 

° This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 
When Col 9B is used for the internal spline, reduce this dimension as covered in Table 14a, footnote c. 

© J = 0.0002 X diameter (Col 24). 


Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 


© Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 


510 


INVOLUTE SPLINES 


TABLE 15a—20/40 Diametral Pitch, Internal 


20/40 Diametral Pitch 
Pressure Angle, 30° 


Addendum (Basic), 0.0250 
Dedendum (See Sec 6) 


Circular Pitch, 0.1571 
Meas-Pin Diam, 0.0720 


INTERNAL 
INTERNAL AND EXTERNAL — a = — 
Major-diameter fit | Fillet-root side fit All fits 
Flat-Root Side Fit Space 
5 P ao: M . width 
sory Viet | eel: SO ol aah Major-diam fillet Major diam | Minor-+°"Major | Fillet. | ment 
Ferm diam, basié diam Minor = TIF diam diam rad between Min 
ref diam Rad ut Full Short diam DBS effective 
deden® |. deden® 0.0785 
1 2 3 4 5 6 7 8 9A 9B 10 ll He 12 13 14 15 
+0.0007 : 
0.0007 2 | = Dimen- 
megmmm, | ERE |n ) PERE] ap. fone | 488 | Act | min | Ras | Hoek | ame] SU 
=U; | af L) Max 
6 | 0.3000 | 0.2598 | 0.3500 | 0.345 | 0.2698 | 0.007 | 0.003 | 0.3640 | 0.3500 | 0.3500 | 0.2698 | 0.3900 | 0.003 | 0.2243 | 0.0809 : 
7 | 0.3500 | 0.3031 | 0.4000 | 0.395 | 0.3131 0.008 | 0.003 | 0.4140 | 0.4000 | 0.4000 | 0.3131 | 0.4400 | 0.006 | 0.2658 | 0.0810 
8 | 0.4000 | 0.3464 | 0.4500 | 0.445 | 0.3500 | 0.008 | 0.003 | 0.4640 | 0.4500 | 0.4500 | 0.3500 | 0.4900 | 0.007 | 0.3244 | 0.0810 | 
9 | 0.4500 | 0.3897 | 0.5000 | 0.493 | 0.4000 | 0.008 | 0.004 | 0.5140 | 0.5000 | 0.5000 | 0.4000°-~-0.5400 | 0.008 | 0.3676 | 0.0810 
10 | 0.5000 | 0.4330 | 0.5500 | 0.543 | 0.4500 | 0.009 | 0.004 | 0.5640 | 0.5500 | 0.5500 |-0.4500 | 0:5900 | 0.008 | 0.4244 | 0.0810 — 
11 | 0.5500 | 0.4763 | 0.6000 | 0.593 | 0.5000 | 0.009 | 0.004 | 0.6140 | 0.6000 | 0.6000 | 0.5000 | 0.6400 | 0.009 | 0.4688 | 0.0810 : 
12 | 0.6000 | 0.5196 | 0.6500 | 0.643 | 0.5500 | 0.010 | 0.004 | 0.6640 | 0.6500 | 0.6500 | 0.5500 | 0.6900 | 0.009 | 0.5244 | 0.0810 
13 | 0.6500 | 0.5629 | 0.7000 | 0.693 | 0.6000 | 0.010 | 0.004 | 0.7140 | 0.7000 | 0.7000 | 0.6000 | 0.7400 | 0.010 | 0.5697 | 0.0810 © 
14 | 0.7000 | 0.6062 | 0.7500 | 0.743 | 0.6500 0.010 0.004 | 0.7640 | 0.7500 | 0.7500 | 0.6500 | 0.7900 0.010 | 0.6244 | 0.0810 — 
15 | 0.7500 0.6495 | 0.8000 | 0.793 | 0.7000 | 0.010 | 0.004 | 0.8140 | 0.8000 | 0.8000 | 0.7000 | 0.8400 | 0.010 | 0.6703 | 0.0810 
16 | 0.8000 | 0.6928 | 0.8500 | 0.843 | 0.7500 | 0.010 | 0.004 | 0.8640 | 0.8500 | 0.8500 | 0.7500 | 0.8900 | 0.010 | 0.7244 | 0.0810 — 
17 | 0.8500 | 0.7361 | 0.9000 | 0.891 | 0.8000 | 0.010 | 0.005 | 0.9140 | 0.9000 | 0.9000 | 0.8000 | 0.9400 | 0.011 | 0.7707 | 0.0810 
18 | 0.9000 | 0.7794 | 0.9500 0.941 | 0.8500 0.010 0.005 | 0.9640 | 0.9500 | 0.9500 | 0.8500 | 0.9900 0.011 | 0.8244 | 0.0810 
19 | 0.9500 | 0.8227 | 1.0000 | 0.991 | 0.9000 | 0.010 | 0.005 | 1.0140 | 1.0000 | 1.0000 | 0.9000 | 1.0400 | 0.011 | 0.8711 | 0.0810 
20 | 1.0000 | 0.8660 | 1.0500 | 1.041 | 0.9500 | 0.010 | 0.005 | 1.0640 | 1.0500 | 1.0500 | 0.9500 | 1.0900 | 0.011 | 0.9243 | 0.0810 
21 | 1.0500 | 0.9093 | 1.1000 1.091 | 1.0000 | 0.011 0.005 | 1.1140 | 1.1000 | 1.1000 | 1.0000 | 1.1400 | 0.011 | 0.9716 | 0.0811 — 
22 | 1.1000 | 0.9526 | 1.1500 1.141 | 1.0500 0.011 0.005 | 1.1640 | 1.1500 | 1.1500 | 1.0500 | 1.1900 0.011 | 1.0245 | 0.0811 } 
23 | 1.1500 | 0.9959 | 1.2000 1.191 | 1.1000 0.011 0.005 | 1.2140 | 1.2000 | 1.2000 | 1.1000 | 1.2400 0.011 | 1.0719 | 0.0811 © 
24 | 1.2000 | 1.0392 | 1.2500 1.241 | 1.1500 0.011 0.005 | 1.2640 | 1.2500 | 1.2500 | 1.1500 | 1.2900 0.011 | 1.1245 | 0.0811 
25 | 1.2500 | 1.0825 | 1.3000 1.291 | 1.2000 0.011 0.005 | 1.3140 | 1.38000 | 1.8000 | 1.2000 | 1.3400 0.012 | 1.1721 -| 0.0811 
26 | 1.3000 | 1.1258 | 1.3500 1.341 | 1.2500 0.011 0.005 | 1.3640 | 1.3500 | 1.3500 | 1.2500 | 1.3900 0.012 | 1.2246 | 0.0811 
27 | 1.3500 | 1.1691 | 1.4000 1.391 | 1.3000 ; 0.011 0.005 | 1.4140 | 1.4000 | 1.4000 | 1.3000 | 1.4400 | 0.012 | 1.2723 | 0.0811 
28 | 1.4000 | 1.2124 | 1.4500 1.441 | 1.3500 0.011 0.005 | 1.4640 | 1.4500 | 1.4500 | 1.3500 | 1.4900 0.012 | 1.3246 | 0.0811 
29 | 1.4500 | 1.2557 | 1.5000 1.491 | 1.4000 0.011 0.005 | 1.5140 | 1.5000 | 1.5000 | 1.4000 | 1.5400 0.012 | 1.3725 | 0.0811 
30 | 1.5000 | 1.2990 | 1.5500 1.541 | 1.4500 | 0.011 0.005 | 1.5640 | 1.5500 | 1.5500 | 1.4500 | 1.5900 | 0.012 1.4246 | 0.0811 
31 | 1.5500 | 1.3423 | 1.6000 1.591 | 1.5000 | 0.011 0.005 1.6140 | 1.6000 | 1.6000 | 1.5000 | 1.6400 | 0.012 | 1.4726 | 0.0811 
32 | 1.6000 | 1.3856 | 1.6500 1.641 | 1.5500 0.011 0.005 | 1.6640 | 1.6500 | 1.6500 | 1.5500 | 1.6900 0.012 | 1.5246 | 0.0811 
33 | 1.6500 | 1.4289 | 1.7000 1.691 | 1.6000 | 0.011 0.005 | 1.7140 | 1.7000 | 1.7000 | 1.6000 | 1.7400 | 0.012 | 1.5727 | 0.0811 
34 | 1.7000 | 1.4722 | 1.7500 | 1.741 | 1.6500 0.011 0.005 | 1.7640 | 1.7500 | 1.7500 | 1.6500 | 1.7900 0.012 | 1.6246 | 0.0811 
35 | 1.7500 | 1.5155 | 1.8000 1.791 | 1.7000 0.011 0.005 | 1.8140 | 1.8000 | 1.8000 | 1.7000 | 1.8400 0.012 | 1.6729 | 0.0812 
| | | . 
36 | 1.8000 | 1.5588 | 1.8500 1.841 | 1.7500 | 0.011 0.005 | 1.8640 | 1.8500 | 1.8500 | 1.7500 | 1.8900 0.012 | 1.7247.| 0.0812 
37 | 1.8500 | 1.6021 | 1.9000 1.891 | 1.8000 | 0.011 0.005 | 1.9140 | 1.9000 |. 1.9000 | 1.8000 | 1.9400 | 0.012 | 1.7730 | 0.0812 
38 | 1.9000 | 1.6454 | 1.9500 | 1.941 | 1.8500 | 0.011 |} 0.005 | 1.9640 | 1.9500 | 1.9500 | 1.8500 }.1.9900 | 0.012 | 1.8247 | 0.0812 
39 | 1.9500 | 1.6887 | 2.0000 1.991 | 1.9000 0.011 0.005 | 2.0140 | 2.0000 | 2.0000 | 1.9000 | 2.0400 0.012 | 1.8731 | 0.0812 
40 | 2.0000 | 1.7321 | 2.0500 2.041 | 1.9500 0.011 0.005 | 2.0640 | 2.0500 | 2.0500 | 1.9500 | 2.0900 0.012 | 1.9247 | 0.0812 
41 | 2.0500 | 1.7754 | 2.1000 2.091 | 2.0000 0.011 0.005 | 2.1140 | 2.1000} 2.1000 | 2.0000 | 2.1400 0.012 | 1.9732 | 0.0812 
42 | 2.1000 | 1.8187 | 2.1500 2.141 | 2.0500 | 0.011 0.005 | 2.1640 | 2.1500 | 2.1500 | 2.0500 | 2.1900 | 0.012 | 2.0247 | 0.0812 
43 | 2.1500 | 1.8620 | 2.2000 2.191 | 2.1000 | 0.011 0.005 | 2.2140 | 2.2000 | 2.2000 | 2.1000 | 2.2400 | 0.012 | 2.0732 | 0.0812 
44 | 2.2000 | 1.9053 | 2.2500 2.241 | 2.1500 | 0.011 0.005 | 2.2640 | 2.2500 | 2.2500 | 2.1500 | 2.2900 | 0.012 | 2.1247 | 0.0812 
45 | 2.2500 | 1.9486 | 2.3000 2.291 | 2.2000 | 0.011 0.005 | 2.3140 | 2.3000 | 2.3000 | 2.2000 | 2.3400 | 0.012 | 2.1733 | 0.0812 
46 | 2.3000 | 1.9919 | 2.3500 | 2.341 | 2.2500 | 0.011 0.005 | 2.3640 | 2.3500 | 2.3500 | 2.2500 | 2.3900 | 0.013 | 2.2247 | 0.0812 
47 | 2.3500 | 2.0352 | 2.4000 | 2.391 | 2.3000 | 0.011 0.005 | 2.4140 | 2.4000 | 2.4000 | 2.3000 | 2.4400 | 0.013 | 2.2734 | 0.0812 
48 | 2.4000 | 2.0785 | 2.4500 2.441 | 2.3500 |} 0.011 0.005 | 2.4640 | 2.4500 | 2.4500 | 2.3500 | 2.4900 | 0.013 | 2.3247 | 0.0812 
49 | 2.4500 | 2.1218 | 2.5000 | 2.491 | 2.4000 | 0.011 0.005 | 2.5140 | 2.5000 | 2.5000 | 2.4000 | 2.5400 | 0.013 | 2.3736 | 0.0813 
50 | 2.5000 | 2.1651 | 2.5500 | 2.541 | 2.4500 | 0.011 0.005 | 2.5640 | 2.5500 | 2.5500 | 2.4500 | 2.5900 | 0.013 | 2.4249 | 0.0814 


8 The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 


> Intended for cutting by a generat ng process 
© Tf this dimension is used, the dimension in 


the os 


mfer applied. 
= 0.0001 X diameter (Col 4). 


© Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. _ 
f Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
made, add 60% of the lead error to this dimension (see Table 27). 


Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 


| 
| 
| 
| 


INVOLUTE SPLINES 


TABLE 15b—20/40 Diametral Pitch, External 


511. 


20/40 Diametral Pitch 


Pressure Angle, 30° 


Addendum (Basic), 0.0250 
Dedendum (See Sec 6) 


| 


Circular Pitch, 0.1571 


Meas-Pin Diam, ‘0.0960 


EXTERNAL 


Fillet root® 


Majoridiaineter fit® Dimensions for all fits 

Flat-root side fit Tooth thickness 
Majer diameter epior dae Minor-diam M : ae | were | ae 

Minor fillet Major | Minor | Fil | TIF pera gash ata 

‘ (| diam | J diam@ | diam | rad ‘| diam c Max efectine 
air |-cir | cur | Dim | He Rad | Ht clA | CIB | CIC | 0.0780 | 0.0796 | 0.0815 

16 17 18 19 20 21 22 23 ‘ 24 25 = 26 27 28 29 30 31 25 32 . 33 

+0.0000 | +0.0000 | +0.0009 ; te rh fiemine tc 4S 3 

= (ous = c.a006 eat ~App | Min | 19-0001 App | Max Saeed +0000 | Mint | Max Min Min Min Min dimensional£ 
0.3485! 0.3499 0.3508 0.011] 0.005) 0.2360} 0.009} 0.008} 0.3500) 0.2000} — 0.2698] 0.4387| 0.4408} 0.4433/0.0750|0.0766\0.0785 
0.3985} 0.3999} 0.4008) 0.012} 0.005) 0.2860) 0.008} 0.008) 0.4000) 0.2500) — 0.3131) 0.4795) 0.4816] 0.484110.0750|0.0766,0.0785 
0.4485] 0.4499) 0.4508) 0.012) 0.005) 0.3360) 0.007) 0.007) 0.4500) 0.3000) — 0.3500} 0.5398} 0.5421) 0.5447/0.0750|0. 0766/0 .0785 
0.4985} 0.4999} 0.5009} 0.012) 0.005} 0.3860} 0.007) 0.006) 0.5000) 0.3500) — 0.4000) 0.5829) 0.5851} 0.5877\0.0750)0.0766|0.0785 
0.5485} 0.5499 0.5509 0.012} 0.005} 0.4360} 0.006) 0.006} 0.5500) 0.4000; — | 0.4500) 0.6406} 0.6429] 0.6456/0.074910.0765/0.0784 
0.5985!) 0.5999) 0.6009} 0.012} 0.005] 0.4860} 0.006) 0.006).0.6000) 0.4500) 0.016] 0.5000) 0.6849] 0.6872) 0.6899|0.0749/0.0765)0.0784. 
0.6485) 0.6499) 0.6509) 0.012) 0.005} 0.5360} 0.006) 0.005) 0.6500) 0.5000} 0.016] 0.5500} 0.7413) 0.7436) 0.7464/0.0749/0.0765/0.0784 
0.6985; 0.6999; 0.7009} 0.012) 0.005) 0.5860) 0.005) 0.005) 0.7000) 0.5500} 0.015} 0.6000) 0.7865) 0.7888} 0.7916/0.0749|0.0765/0.0784 
0.7485] 0.7499} 0.7509) 0.012) 0.005) 0.6360) 0.005) 0.005} 0.7500) 0.6000) 0.015| 0.6500) 0.8418] 0.8442) 0.8470/0.0749]0.0765/0. 0784 
0.7985} 0.7999} 0.8009} 0.012) 0.005) 0.6860} 0.005) 0.005) 0.8000} 0.6500} 0.014; 0.7000} 0.8876} 0.8900} 0.8928|0.0749|0.0765)0.0784 
0.8485]-0.8499} 0.8509} 0.012) 0.005} 0.7360) 0.005} 0.005) 0.8500) 0.7000) 0.014} 0.7500) 0.9421] 0.9445} 0.9474/0.074910.0765}0. 0784. 
0.8985 0.8999; 0.9009} 0.012) 0.005) 0.7860) 0.005) 0.005} 0.9000} 0.7500} 0.014) 0.8000) 0.9885} 0.9909) 0.9938/0.0749|0.0765)/0 .0784 
0.9485) 0.9499} 0.9509] 0.012} 0.005] 0.8360} 0.005} 0.004) 0.9500} 0.8000) 0.014) 0.8500) 1.0425) 1.0449] 1.0477|0.0749/0.0765|0.0784 
0.9985] 0.9999} 1.0009) 0.012) 0.005) 0.8860} 0.005} 0.004} 1.0000) 0.8500} 0.014) 0.9000) 1.0893) 1.0917) 1.0945)0.0749|0.0765|0.0784 
20 1.0485} 1.0499} 1.0509} 0.012} 0.005} 0.9360} 0.005) 0.004! 1.0500) 0.9000) 0.013) 0.9500] 1.1427) 1.1452] 1.1480/0.0749]0.0765\0.0784 
21 | 1.0985) 1.0999) 1.1009) 0.012} 0.005} 0.9860} 0.005} 0.004] 1.1000} 0.9500} 0.013) 1.0000; 1.1898 1.1929 1.1951/0.0749/0.0765/0. 0784 
22 1.1485 1.1499) 1.1509} 0.012) 0.005) 1.0360) 0.005} 0.004) 1.1500) 1.0000) 0.013) 1.0500} 1.2430) 1.2454] 1.2483/0.0749/0.0765/0.0784 
23 | 1.1985} 1.1999} 1.2009} 0.012) 0.005} 1.0860) 0.005) 0.004] 1.2000) 1.0500} 0.013} 1.1000} 1.2903} 1.2927) 1.2956/0.0749/0.0765|0.0784 
24 | 1.2485] 1.2499) 1.2509) 0.012! 0.005) 1.1360) 0.005) 0.004] 1.2500} 1.1000} 0.013} 1.1500} 1.3432) 1.3457] 1.3486)0.0749|0.0765|0.0784 
25 | 1.2985) 1.2999) 1.3009) 0.012} 0.005} 1.1860} 0.005} 0.004] 1.3000} 1.1500) 0.013) 1.2000} 1.3907) 1.3932] 1.3961|0.0749|0.0765)/0.0784 
26 | 1.3485) 1.3499) 1.3509) 0.012) 0.005} 1.2360) 0.005} 0.004] 1.3500] 1.2000} 0.013) 1.2500] 1.4434] 1.4459] 1.4488/0.0749|0.0765|/0.0784 
27 | 1.3985} 1.3999] 1.4009} 0.012/ 0.005} 1.2860] 0.005) 0.004} 1.4000] 1.2500) 0.012) 1.3000} 1.4911] 1.4936] 1.4965/0.0749|0.0765/0.0784 
28 | 1.4485) 1.4499) 1.4509] 0.012) 0.005} 1.3360} 0.005} 0.004] 1.4500} 1.3000} 0.012) 1.3500} 1.5433] 1.5458} 1.5488/0.0748|0.0764/0.0783 
29 | 1.4985) 1.4999) 1.5010} 0.012) 0.005} 1.3860} 0.005] 0.004) 1.5000) 1.3500} 0.012) 1.4000) 1.5912) 1.5937) 1.5967|0.0748|0.0764|0.0783 
30 | 1.5485) 1.5499) 1.5510) 0.012} 0.005) 1°4360) 0.005) 0.004} 1.5500} 1.4000) 0.012) 1.4500) 1.6435) 1.6460) 1.6490/0.0748/0.0764\0.0783 
31 | 1.5985] 1.5999] 1.6010) 0.012) 0.005} 1.4860} 0.005) 0.004} 1.6000) 1.4500} 0.012) 1.5000; 1.6915) 1.6940} 1.6970)0.0748|0.0764/0.0783 
32 | 1.6485} 1.6499] 1.6510) 0.012} 0.005} 1.5360} 0.005) 0.004} 1.6500) 1.5000) 0.012) 1.5500} 1.7436] 1.7461] 1.7492/0.0748|0.0764/0.0783 
33 | 1.6985] 1.6999] 1.7010) 0.012} 0.005} 1.5860} 0.005) 0.004) 1.7000) 1.5500) 0.012} 1.6000} 1.7917} 1.7942) 1.7973/0.0748|0.0764/0.0783 
34 | 1.7485) 1.7499) 1.7510} 0.012! 0.005} 1.6360} 0.005] 0.004) 1.7500) 1.6000} 0.012) 1.6500) 1.8437) 1.8462) 1.8493)0.0748|0.0764/0.0783 
35 | 1.7985] 1.7999] 1.8010) 0.012) 0.005) 1.6860} 0.005) 0.004) 1.8000) 1.6500) 0.012) 1:7000} 1.8919} 1.8944] 1.8975/0.0748/0.0764)/0.0783 
36 | 1.8485] 1.8499] 1.8510] 0.012) 0.005) 1.7360} 0.005} 0.004) 1.8500} 1.7000) 0.012) 1.7500} 1.9438] 1.9463] 1.9494/0.0748/0.0764|/0.0783 
37 | 1.8985} 1.8999] 1.9010) 0.012) 0.005] 1.7860} 0.005) 0.004) 1.9000) 1.7500) 0.012) 1.8000} 1.9921) 1.9946] 1.9977/0.0748|0.0764|0.0783 
38 | 1.9485) 1.9499) 1.9510) 0.012) 0.005| 1.8360} 0.005} 0.004] 1.9500} 1.8000} 0.012) 1.8500) 2.0439) 2.0464) 2.0495/0.0748/0.0764/0.0783 
39 | 1.9985} 1.9999) 2.0010} 0.012) 0.005) 1.8860) 0.005} 0.003) 2.0000] 1.8500} 0.012} 1.9000} 2.0923) 2.0948) 2.0979|0.0748/0.0764/0.0783 
40 2.0485) 2.0499} 2.0510} 0.012} 0.005] 1.9360} 0.005] 0.003) 2.0500} 1.9000) 0.012} 1.9500) 2.1439) 2.1465) 2.1496|0.0748/0.0764\0.0783 
41 | 2.0985) 2.0999} 2.1010) 0.012) 0.005) 1.9860) 0.005} 0.003} 2.1000] 1.9500} 0.012} 2.0000] 2.1924) 2.1950) 2.1981/0.0748/0.0764/0.0783 
42 | 2.1485) 2.1499} 2.1510) 0.012) 0.005) 2.0360) 0.005} 0.003} 2.1500} 2.0000} 0.012} 2.0500} 2.2440] 2.2466] 2.2497|0.0748/0.0764/0.0783 
43 | 2.1985) 2.1999] 2.2010) 0.012) 0.005) 2.0860] 0.005} 0.003} 2.2000} 2.0500} 0.012} 2.1000) 2.2926) 2.2952) 2.2983/0.0748/0.0764/0.0783 
44 | 2.2485) 2.2499) 2.2510) 0.012) 0.005) 2.1360) 0.005) 0.003) 2.2500) 2.1000] 0.012} 2.1500} 2.3441} 2.3467} 2.3498/0.0748/0.0764|0.0783 
45 | 2.2985) 2.2999} 2.3010} 0.012) 0.005) 2.1860) 0.005) 0.003} 2.3000} 2.1500} 0.011) 2.2000) 2.3927] 2.3953] 2.3984/0.0748/0.0764/0.0783 
46 | 2.3485] 2.3499) 2.3510) 0.012} 0.005} 2.2360) 0.005) 0.003] 2.3500} 2.2000] 0.011) 2.2500] 2.4441] 2.4467| 2.4498|0.0748|0.0764/0.0783 
47 | 2.3985) 2.3999) 2.4010) 0.012) 0.005) 2.2860) 0.005] 0.003) 2.4000} 2.2500} 0.011] 2.3000} 2.4926) 2.4952) 2.4983/0.0747|0.0763\0.0782 
48 | 2.4485] 2.4499] 2.4510) 0.012] 0.005} 2.3360) 0.005] 0.003} 2.4500] 2.3000} 0.011] 2.2500) 2.5440} 2.5466} 2.5497/0.0747/0.0763/0.0782 
AQ | 2.4985} 2.4999} 2.5011] 0.012) 0.005] 2.3860} 0.005) 0.003) 2.5000] 2.3500} 0.011} 2.4000) 2.5928) 2.5954} 2.5985/0.0747/0.0763)/0.0782 
50 | 2.5485] 2.5499] 2.5511] 0.012) 0.005] 2.4360} 0.005} 0.003} 2.5500) 2.4000] 0.011} 2.4500} 2.6441] 2.6467) 2.6498|0.0747|0.0763)/0.0782 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 


Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, : 
© This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 


@ When Col 9B is used for the internal spline, reduce this dimension as covered in Table 15a, footnote c. 
© J = 0.0002 X diameter (Col. 24). ; 

Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
© Allowable errors (Table 27), except lead, i 


Class B (Col 29) may b 


4 
e used. See also Sections 19, 26, and 27. 


have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, substract 60% of the lead error from this dimension (see Table 27). : 
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INVOLUTE SPLINES 


TABLE 16a—24/48 Diametral Pitch, Internal*® 


24/48 Diametral Pitch 


Pressure Angle, 30 


Addendum (Basic), 0.0208 
Dedendum (See Sec 6) 


Circular Pitch, 0.1309 
Meas-Pin Diam, 0.0600 


INTERNAL 
INTERNAL AND EXTERNAL 
Major-diameter fit | Fillet-root side fit All fits 
Flat-Root Side Fit Space 
a é Measur width 
N Rik Bas Malet TIF Major-diam fillet Major diam Minor Major Fillet ment ri 
WE iam, basi’, diam Minor TIF diam diam rad between Min 
Tef diam Rad Ht Full Short diam pins effective 
a deden® | deden® 0.0654 
1 2 3 4 5 6 7 8 9A 9B 10 11 12 13 14 15 : 
+0.0007 A 
+0.0007 : : d . 00 0.0091 ns Dimen- 
neces || RE] wie [19885 | ase | acm | 28885 | kn | mm | Ais | gts | ater | ae | 
6 | 0.2500 | 0.2165 | 0.2917 0.288 | 0.2249 0.006 0.002 | 0.3040 | 0.2917 | 0.2917 | 0.2249 | 0.3250 = 0.1877 | 0.0678 
7 | 0.2917 | 0.2526 | 0.3333 0.328 | 0.2624 0.007 0.003 | 0.3457 | 0.3333 | 0.3333 | 0.2624 | 0.3667 == 0.2222 | 0.0679 : 
8 | 0.3333 | 0.2887 | 0.3750 0.370 | 0.2917 0.007 0.003 | 0.3873 | 0.3750 | 0.3750 | 0.2917 | 0.4083 aS 0.2711 | 0.0679: | 
9 | 0.3750 | 0.3248 | 0.4167 0.411 | 0.3333 0.007 0.003 | 0.4290 | 0.4167 | 0.4167 | 0.3333 | 0.4500 0.006 | 0.3071 | 0.0679 
10 | 0.4167 | 0.3608 | 0.4583 0.453 | 0.3750 0.008 | 0.003 | 0.4707 | 0.4583-} 0.4583] 0.3750 | 0.4917 0.006 | 0.3545 | 0.0679 
11 | 0.4583 | 0.3969 | 0.5000 0.495 | 0.4167 0.008 0.003 | 0.5123 | 0.5000 | 0.5000 | 0.4167 | 0.5333 0.007 | 0.3914 | 0.0679 
12 | 0.5000 | 0.4330 | 0.5417 0.537 | 0.4583 0.008 0.003 | 0.5540 | 0.5417 | 0.5417 | 0.4583 | 0.5750 0.007 | 0.4377 | 0.0679 
13 | 0.5417 | 0.4691 | 0.5833 0.576 | 0.5000 0.008 0.004 | 0.5957 | 0.5833 | 0.5833 | 0.5000 | 0.6167 0.007 | 0.4755 | 0.0679 
14 | 0.5833 | 0.5052 | 0.6250 0.618 | 0.5417 0.008 0.004 | 0.6873 | 0.6250 | 0.6250 | 0.5417 | 0.6583 0.008 | 0.5211 | 0.0679 
15 | 0.6250 | 0.5413 | 0.6667 0.660 | 0.5833 0.008 0.004 | 0.6790 | 0.6667 | 0.6667 | 0.5833 | 0.7000 0.008 | 0.5594 | 0.0679 
16 | 0.6667 | 0.5774 | 0.7083 0.701 | 0.6250 0.008 0.004 | 0.7207 | 0.7083 | 0.7083 | 0.6250 | 0.7417 0.008 | 0.6044 | 0.0679 
17 | 0.7083 | 0.6134 | 0.7500 0.743 | 0.6667 0.009 0.004 | 0.7623 | 0.7500 | 0.7500 | 0.6667 | 0.7833 0.008 | 0.6430 | 0.0679 
18 | 0.7500 | 0.6495 | 0.7917 0.785 | 0.7083 0.009 0.004 | 0.8040 | 0.7917 | 0.7917 | 0.7083 | 0.8250 0.009 | 0.6878 | 0.0679 
19 | 0.7917 | 0.6856 | 0.8333 0.826 | 0.7500 0.009 0.004 | 0.8457 | 0.8333 | 0.8333 | 0.7500 | 0.8667 0.009 | 0.7267 | 0.0679 
20 | 0.83833 | 0.7217 | 0.8750 0.868 | 0.7917 0.009 0.004 | 0.8873 | 0.8750 | 0.8750 | 0.7917 | 0.9083 0.009 | 0.7710 | 0.0679 
21 | 0.8750 | 0.7578 | 0.9167 0.910 | 0.8333 0.009 0.004 | 0.9290 | 0.9167 | 0.9167 | 0.8333 | 0.9500 0.009 | 0.8105 | 0.0680 
22 | 0.9167 | 0.7939 | 0.9583 0.951 | 0.8750 0.009 0.004 | 0.9707 | 0.9588 | 0.9583 | 0.8750 | 0.9917 0.009 | 0.8546 | 0.0680 
23 | 0.9583 | 0.8299 | 1.0000 0.993 | 0.9167 0.009 0.004 | 1.0123 | 1.0000 | 1.0000 | 0.9167 | 1.0333 0.009 | 0.8940 | 0.0680 
24 | 1.0000 | 0.8660 | 1.0417 1.0385 | 0.9583 0.009 0.004 | 1.0540 | 1.0417 | 1.0417 | 0.9583 | 1.0750 0.009 | 0.9379 | 0.0680 
25 | 1.0417 | 0.9021 | 1.0833 1.076 | 1.0000 0.009 0.004 | 1.0957 | 1.0833 | 1.0833 | 1.0000 | 1.1167 0.009 | 0.9775 | 0.0680 
26 | 1.0833 | 0.9382 | 1.1250 1.118 | 1.0417 0.009 0.004 | 1.1373 | 1.1250 | 1.1250 | 1.0417 | 1.1588 0.009 | 1.0212 | 0.0680 
27 | 1.1250 | 0.9743 | 1.1667 1.160 | 1.0833 0.009 0.004 | 1.1790 | 1.1667 | 1.1667 | 1.0833 | 1.2000 0.009 | 1.0610 | 0.0680 
28 | 1.1667 | 1.0104 | 1.2083 1.201 | 1.1250 0.009 0.004 | 1.2207 | 1.2083 | 1.2083 | 1.1250 | 1.2416 0.009 | 1.1046 | 0.0680 
29 | 1.2083 | 1.0464 | 1.2500 1.243 | 1.1667 0.009 0.004 | 1.2623 | 1.2500 | 1.2500.| 1.1667 | 1.2833 0.009 | 1.1445 | 0.0680 
30 | 1.2500 | 1.0825 | 1.2917 1.285 | 1.2088 0.009 0.004 | 1.3040 | 1.2917 | 1.2917 | 1.2083 | 1.3250 0.010 | 1.1879 | 0.0680 
31 | 1.2917 | 1.1186 | 1.3333 1.326 | 1.2500 0.009 0.004 | 1.3457 | 1.3333 | 1.3333 | 1.2500 | 1.3667 0.010 | 1.2280 | 0.0680 
32 | 1.3333 | 1.1547 | 1.3750 1.368 | 1.2917 0.009 0.004 | 1.3873 | 1.8750 | 1.3750 | 1.2917 | 1.4083 0.010 | 1.2712 | 0.0680 
33 | 1.3750 | 1.1908 | 1.4167 1.410 | 1.3333 0.009 0.004 | 1.4290 | 1.4167 | 1.4167 | 1.3333 | 1.4500 0.010 | 1.3114 | 0.0680 
34 | 1.4167 | 1.2269 | 1.4583 1.451) 1.3750 0.009 0.004 | 1.4707 | 1.4583 | 1.4583 | 1.3750 | 1.4917 0.010 | 1.3546 | 0.0680 
35 | 1.4583 | 1.2630 | 1.5000 1.493 | 1.4167 0.009 0.004 | 1.5123 | 1.5000 | 1.5000 | 1.4167 | 1.5333 0.010 | 1.3949 | 0.0681 
36 | 1.5000 | 1.2990 | 1.5417 1.535 | 1.4583 0.009 0.004 | 1.5540 | 1.5417 | 1.5417 | 1.4583 | 1.5750 0.010 | 1.4380 | 0.0681 
37 | 1.5417 | 1.3351 | 1.5833 1.576 | 1.5000 0.009 0.004 | 1.5957 | 1.5833 | 1.5833 | 1.5000 | 1.6167 0.010 | 1.4783 | 0.0681 
38 | 1.5833 | 1.3712 | 1.6250 1.618 | 1.5417 0.009 0.004 | 1.6373 | 1.6250 | 1.6250 | 1.5417 | 1.6583 0.010 | 1.5213 | 0.0681 
39 | 1.6250 | 1.4073 | 1.6667 1.660 | 1.5833 0.009 0.004 | 1.6790 | 1.6667 | 1.6667 | 1.5833 | 1.7000 0.010 | 1.5617 | 0.0681 
40 | 1.6667 | 1.4434 | 1.7083 1.701 | 1.6250 0.009 0.004 | 1.7207 | 1.7083 | 1.7083 | 1.6250 | 1.7417 0.010 | 1.6047 | 0.0681 
41 | 1.7083 | 1.4795 | 1.7500 1.743 | 1.6667 0.009 0.004 | 1.7623 | 1.7500 | 1.7500 | 1.6667 | 1.7833 0.010 | 1.6451 | 0.0681 
42 | 1.7500 | 1.5155 | 1.7917 1.785 | 1.7083 0.009 0.004 | 1.8040 | 1.7917 | 1.7917 | 1.7083 | 1.8250 0.010 | 1.6880 | 0.0681 
43 | 1.7917 | 1.5516 | 1.8333 1.826 | 1.7500 0.009 0.004 | 1.8457 | 1.8333 | 1.8333 | 1.7500 | 1.8667 0.010 | 1.7285 | 0.0681 
44 | 1.8333 | 1.5877 | 1.8750 1.868 | 1.7917 0.009 0.004 | 1.8873 | 1.8750 | 1.8750 | 1.7917 | 1.9083 0.010 | 1.7714 | 0.0681 
45 | 1.8750 | 1.6238 | 1.9167 1.910 | 1.8333 0..009 0.004 | 1.9290 | 1.9167 | 1.9167 | 1.8333 | 1.9500 0.010 | 1.8119 | 0.0681 
46 | 1.9167 | 1.6599 | 1.9583 1.951 | 1.8750 0.009 0.004 | 1.9707 | 1.9583 | 1.9583 | 1.8750 | 1.9917 0.010 | 1.8547 | 0.0681 
47 | 1.9583 | 1.6960 | 2.0000 1.993 | 1.9167 0.009 0.004 | 2.0123 | 2.0000 | 2.0000 | 1.9167 2.0333 0.010 | 1.8952 | 0.0681 
48 | 2.0000 | 1.7321 | 2.0417 2.035 | 1.9583 0.009 0.004 | 2.0540 | 2.0417 | 2.0417 | 1.9583 | 2.0750 0.010 | 1.9380 | 0.0681 
49 | 2.0417 | 1.7681 | 2.0833 2.076 | 2.0000 0.009 0.004 | 2.0957 | 2.0833 | 2.08383 | 2.0000 | 2.1167 0.010 | 1.9788 | 0.0682 
50 | 2.0833 | 1.8042 | 2.1250 2.118 | 2.0417 0.009 0.004 | 2.1373 | 2.1250 | 2.1250 | 2.0417 | 2.1583 0.010 | 2.0216 | 0.0682 


a 
b 


The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating process 


° If this dimension is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
the chamfer applied. 


e 


L = 0.0001 X diameter (Col 4). 
r Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 


Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
made, add 60% of the lead error to this dimension (see Table 27). 
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TABLE 16b—24/48 Diametral Pitch, External* 


24/48 Diametral Pitch Addendum (Basic), 0.0208 Circular Pitch, 0.1309 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.0800 


EXTERNAL 


Major-diameter fit Fillet root® | Dimensions for all fits 
Flat-root side fit Tooth thickness 
c a Major-diam 
N Major diameter gore wise’, te ee ee | ciB | ac 
Minor fillet Major | Minor | Fil | TIF aie Oe 
diam diam diam rad diam ms ective 
CLT CLIl C1II | Dim Ht Rad Ht ClA C1B C1C | 0.0649 | 0.0663 | 0.0684 
1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
+0.0000 | +0.0000 | +0.0009 
Rec | _ (0.0019 | —(0.0006| + J® App | Min ms App | Max RH eee Minf Max Min Min Min Min dimensional 
+J°) | +72) | —0.0000 : é ; 


0.2249) 0.3655) 0.3673} 0.3701/0.0624/0.0638/0.0659 
0.2624| 0.3995) 0.4013) 0.4041/0.0624/0.0638)0.0659 
0.2917| 0.4498) 0.4517) 0.4546/0.0624/0.0638]0.0659 
0.3333] 0.4856) 0.4875} 0.49040 .0624/0.0638/0.0659 
0.3750} 0.5337] 0.5357) 0.5387/0.0623/0.0627|0.0658 


tol 

6 | 0.2902] 0.2916} 0.2925) 0.009) 0.004} 0.1960) 0.007} 0.007) 0.2917) 0.1667 
7 | 0.3318] 0.3332] 0.3341) 0.010) 0.004) 0.2377) 0.006] 0.006) 0.3333} 0.2083 
8 | 0.3735} 0.3749} 0.3758) 0.010} 0.004) 0.2793) 0.006} 0.006} 0.3750} 0.2500 
9 | 0.4152] 0.4166} 0.4175) 0.010} 0.004) 0.3210) 0.005] 0.005} 0.4167} 0.2917 
10 | 0.4568) 0.4582) 0.4591] 0.010) 0.004) 0.3627) 0.005] 0.005) 0.4583) 0.3333 


11 | 0.4985} 0.4999) 0.5009} 0.010} 0.004) 0.4043| 0.005} 0.005} 0.5000) 0.3750} 0.013) 0.4167| 0.5706) 0.5726) 0.5756|0.0623/0.0637/0.0658 
12 | 0.5402) 0.5416) 0.5426) 0.010) 0.004) 0.4460} 0.005] 0.004] 0.5417) 0.4167) 0.013] 0.4583) 0.6176) 0.6197} 0.6227|0.0623)0.0637/0.0658 
13 | 0.5818} 0.5832) 0.5842) 0.010) 0.004; 0.4877) 0.004] 0.004] 0.5833) 0.4583] 0.013] 0.5000) 0.6552) 0.6572) 0.6603|0.0623)0. 0637/0. 0658 
14 | 0.6235) 0.6249] 0.6259) 0.010} 0.004} 0.5293) 0.004] 0.004] 0.6250] 0.5000} 0.012) 0.5417) 0.7014) 0.7034| 0.7065/0.0623)0.0637|0 .0658 
15 | 0.6652) 0.6666) 0.6676) 0.010} 0.004) 0.5710) 0.004} 0.004] 0.6667) 0.5417; 0.012) 0.5833) 0.7395) 0.7416) 0.7447/0.0623\0.0637/0.0658 


lesieel sh 


16 | 0.7068] 0.7082) 0.7092) 0.010) 0.004} 0.6127) 0.004} 0.004] 0.7083} 0.5833) 0.012) 0.6250] 0.7850) 0.7871) 0.7902|0.0623]0 0637/0 .0658 


17 | 0.7485] 0.7499) 0.7509) 0.010) 0.004) 0.6543) 0.004) 0.004! 0.7500) 0.6250) 0.012) 0.6667| 0.8236} 0.8257] 0.8288|0.0623|0.0637|0.0658 
18 | 0.7902) 0.7916) 0.7926} 0.010) 0.004) 0.6960) 0.004} 0.004} 0.7917) 0.6667) 0.011) 0.7083} 0.8686) 0.8707} 0.8739|0.0623/0.0637|/0.0658 
19 | 0.8318) 0.8332) 0.8342) 0.010) 0.004) 0.7377) 0.004) 0.004) 0.8333] 0.7083} 0.011} 0.7500} 0.9075) 0.9096) 0.9128/0.0623/0.0637/0.0658 
20 | 0.8735) 0.8749) 0.8759) 0.010} 0.004) 0.7793) 0.004) 0.004| 0.8750) 0.7500} 0.011] 0.7917) 0.9522) 0.9543) 0.9575/0.0623/0 .0637/0.0658 
21 | 0.9152) 0.9166} 0.9176) 0.010} 0.004| 0.8210} 0.004} 0.003) 0.9167} 0.7917| 0.011) 0.8333] 0.9914) 0.9935} 0.9967|0.0623]0.0637|0.0658 
22 | 0.9568) 0.9582) 0.9592) 0.010) 0.004) 0.8627) 0.004] 0.003} 0.9583) 0.8333] 0.011) 0.8750} 1.0356) 1.0378] 1.0410|0.0623/0.0637/0.0658 
23 | 0.9985) 0.9999} 1.0009} 0.010} 0.004) 0.9043} 0.004} 0.003) 1.0000} 0.8750) 0.011] 0.9167] 1.0751] 1.0773] 1.0805/0.0623)0.0637|0.0658 
24 | 1.0402) 1.0416) 1.0426) 0.010) 0.004) 0.9460) 0.004] 0.003) 1.0417) 0.9167) 0.011} 0.9583} 1.1192} 1.1214} 1.1246/0.0623)0.0637/0.0658 
25 | 1.0818) 1.0832} 1.0842) 0.010; 0.004) 0.9877} 0.004} 0.003) 1.0833} 0.9583} 0.010} 1.0000) 1.1588] 1.1610} 1.1642/0.0623/0.0637/0.0658 
26 | 1.1235) 1.1249} 1.1259} 0.010) 0.004| 1.0293] 0.004/ 0.003] 1.1250} 1.0000) 0.010) 1.0417) 1.2027} 1.2048} 1.2081)0.0623)0.0637\0.0658 
27 | 1.1652) 1.1666] 1.1676) 0.010) 0.004) 1.0710) 0.004) 0.003) 1.1667) 1.0417) 0.010) 1.0833) 1.2424) 1.2445) 1.2478/0.0623|0.0637|0.0658 
28 | 1.2068) 1.2082) 1.2092) 0.010) 0.004) 1.1127| 0.004) 0.003) 1.2083] 1.0833} 0.010} 1.1250) 1.2860) 1.2882] 1.2915)0.0622,0.0636/0.0657 
29 | 1.2485] 1.2499) 1.2509) 0.010) 0.004) 1.1543) 0.004) 0.003) 1.2500) 1.1250} 0.010} 1.1667} 1.3259) 1.3281] 1.3314/0.0622/0.0636/0.0657 
80 | 1.2902) 1.2916) 1.2926) 0.010} 0.004; 1.1960) 0.004) 0.003) 1.2917) 1.1667) 0.010} 1.2083) 1.3694| 1.3716] 1.3749/0.0622/0.0636)0.0657 
31 | 1.3318) 1.3332) 1.3342) 0.010) 0.004) 1.2377) 0.004| 0.003] 1.3333] 1.2083] 0.010} 1.2500} 1.4093] 1.4116} 1.4149]0.0622/0.0636)0.0657 
32 | 1.3735) 1.3749} 1.3759) 0.010) 0.004) 1.2793) 0.004| 0.003) 1.3750} 1.2500) 0.010} 1.2917) 1.4528) 1.4550} 1.4584/0.0622/0.0636|0.0657 
33 | 1.4152) 1.4166) 1.4176) 0.010} 0.004) 1.3210) 0.004] 0.003) 1.4167) 1.2917) 0.010) 1.3333] 1.4929] 1.4951} 1.4985]0.0622/0 .0636|0.0657 
34 | 1.4568) 1.4582) 1.4592) 0.010) 0.004) 1.3627) 0.004/ 0.003) 1.4583) 1.3333) 0.010) 1.3750) 1.5362) 1.5384] 1.5418/0.0622/0 .0636)0.0657 
35 | 1.4985) 1.4999} 1.5010) 0.010) 0.004) 1.4043) 0.004] 0.003) 1.5000} 1.3750} 0.010) 1.4167] 1.5764) 1.5786) 1.5820|0.0622/0.0636|0.0657 
36 | 1.5402) 1.5416) 1.5427) 0.010} 0.004) 1.4460] 0.004} 0.003) 1.5417} 1.4167] 0.010) 1.4583) 1.6196) 1.6218] 1.6252/0.0622/0.0636)0.0657 
37 | 1.5818) 1.5832) 1.5843) 0.010) 0.004) 1.4877] 0.004) 0.003] 1.5833] 1.4583] 0.010} 1.5000} 1.6599} 1.6621} 1.6655/0.0622/0.0636)0.0657 
38 | 1.6235) 1.6249} 1.6260) 0.010} 0.004) 1.5293) 0.004} 0.003] 1.6250] 1.5000) 6.010) 1.5417) 1.7031) 1.7053) 1.7087|0.0622/0 .0636|0.0657 
39 | 1.6652) 1.6666) 1.6677) 0.010} 0.004) 1.5710) 0.004} 0.003] 1.6667) 1.5417) 0.010) 1.5833) 1.7434) 1.7456) 1.7490|0.0622)/0.0636/0.0657 
40 | 1.7068} 1.7082) 1.7093] 0.010) 0,004) 1.6127] 0.004} 0.003] 1.7083] 1.5833] 0.009] 1.6250} 1.7864| 1.7887} 1.7921]0.0622/0.0636|0.0657 
41 | 1.7485] 1.7499} 1.7510) 0.010) 0.004) 1.6543] 0.004] 0.003] 1.7500) 1.6250) 0.009] 1.6667} 1.8268] 1.8291) 1.8325|0.0622/0.0636)/0.0657 
42 | 1.7902] 1.7916) 1.7927] 0.010) 0.004) 1.6960) 0.004} 0.003) 1.7917) 1.6667) 0.009] 1.7083] 1.8698] 1.8721] 1.8755/0.0622|0.0636|0.0657 
43 | 1.8318] 1.8332) 1.8343] 0.010) 0.004) 1.7377) 0.004] 0.003] 1.8333) 1.7083) 0.009] 1.7500} 1.9103} 1.9126) 1.9160/0.0622/0.0636|0.0657 
44 | 1.8735] 1.8749] 1.8760} 0.010) 0.004) 1.7793) 0.004] 0.003] 1.8750) 1.7500) 0.009] 1.7917] 1.9532] 1.9555} 1.9589/0.0622/0.0636|0.0657 
45 | 1.9152] 1.9166) 1.9177| 0.010) 0.004) 1.8210) 0.004} 0.003] 1.9167) 1.7917] 0.009} 1.8333] 1.99387} 1.9960} 1.9994)0.0622/0.0636|0.0657 
46 | 1.9568} 1.9582} 1.9593) 0.010] 0.004) 1.8627) 0.004] 0.003] 1.9583) 1.8333] 0.009] 1.8750} 2.0366] 2.0389] 2.0423|0.0622/0.0636/0.0657 
47 | 1.9985] 1.9999} 2.0010} 0.010] 0.004] 1.9043] 0.004] 0.003} 2.0000) 1.8750} 0.009] 1.9167] 2.0770| 2.0793] 2.0827|0.0621|0.0635/0.0656 
48 | 2.0402) 2.0416} 2.0427] 0.010} 0.004; 1.9460] 0.004) 0.003] 2.0417] 1.9167] 0.009] 1.9583) 2.1198} 2.1221] 2.1255)0.0621|0.0635/0.0656 
49 | 2.0818] 2.0832} 2.0843} 0.010} 0.004) 1.9877) 0.004! 0.003] 2.0833] 1.9583} 0.009} 2.0000] 2.1604) 2.1627} 2.1661\0.0621'0.0635/0.0656 
50 | 2.1235) 2.1249) 2.1260} 0.010) 0.004! 2.0293} 0.004/ 0.003} 2.1250; 2.0000) 0.009] 2.0417| 2.2032} 2.2055) 2.2089/0.0621/0.0635)0.0656 


R The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 
* This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 
When Col 9B is used for the internal spline, reduce this dimension as covered in Table 6a, footnote c. 
re = 0.0002 X diameter (Col 24). 
Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
£ Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 


514 INVOLUTE SPLINES 


TABLE 17a—32/64 Diametral Pitch, Internal* 


32/64 Diametral Pitch Addendum (Basic), 0.0156 Circular Pitch, 0.0982 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.0450 
INTERNAL 
INTERNAL AND EXTERNAL ; 
Major-diameter fit Fillet-root side fit All fits 
Flat-Root Side Fit / | Space 
‘i 3 F | | M idth 
Pitch eo ae TIF Major diam fillet Major diam Minor Major Fillet meat Mk 
N on diam, adie diam Minor TIF diam diam rad between NEA 
ref diam Rad Ht Full Short diam BUS effective 
deden> deden® 0.0491 
1 2 3 4 5 6 7 8 9A 9B 10 11 12 13 14 15 
+0.0007 : 
-+0.0007 % = Dimen - 
Reomments ABBE | aa | 9008 | aw | ex | 29885 | oon | mie | 88 | ARR | oe | aes | 
6 | 0.1875 | 0.1624 | 0.2188 0.216 | 0.1687 0.005 | 0.002 | 0.2290 | 0.2188 | 0.2188 | 0.1687 | 0.2438 —_ 0.1419 | 0.0515 
7 | 0.2188 | 0.1894 | 0.2500 0.247 | 0.1967 0.005 0.002 | 0.2603 | 0.2500 | 0.2500 | 0.1967 | 0.2750 = 0.1678 | 0.0516 
8 | 0.2500 | 0.2165 | 0.2813 0.278 | 0.2188 0.005 0.002 | 0.2915.) 0.2813 | 0.2813 | 0.2188 | 0.3063 — 0.2045 | 0.0516 
9 | 0.2813 | 0.24386 | 0.3125 0.309 | 0.2500 0.006 0.002 | 0.3228 | 0.3125 | 0.3125 | 0.2500} 0-383875 0.003 | 0.2314 | 0.0516 
10 | 0.3125 | 0.2706 | 0.3438 0.341 | 0.28138 0.006 0.002 | 0.3540 | 0.3438 |-0.3438 |0.2813 | 0.3688 | 0.004 | 0.2670 0.0516 
11 | 0.3438 | 0.2977 | 0.3750 0.372 | 0.3125 0.006 | 0.002 | 0.3853 | 0.3750 | 0.3750 | 0.3125 | 0.4000 0.004 | 0.2947 | 0.0516 
12 | 0.3750 | 0.3248 | 0.4063 0.401 | 0.3438 0.006 0.003 | 0.4165 | 0.4063 | 0.4063 | 0.3438 | 0.4313 0.004 | 0.3294 | 0.0516 
13 | 0.4063 | 0.3518 | 0.4875 0.432 | 0.3750 0.006 0.003 | 0.4478 | 0.4375 | 0.4375 | 0.3750 | 0.4625 | 0.005 | 0.3578 0.0516 
14 | 0.4375 | 0.3789 | 0.4688 | 0.464 | 0.4063 0.006 | 0.003 | 0.4790 | 0.4688 | 0.4688 | 0.4063 | 0.4938 0.005 | 0.3919 | 0.0516 
15 | 0.4688 | 0.4059 | 0.5000 0.495 | 0.4375 0.006 0.003 | 0.5103 | 0.5000 | 0.5000 | 0.4375 | 0.5250 0.005 | 0.4206 | 0.0516 
16 | 0.5000 | 0.4830 | 0.5313 0.526 | 0.4688 0.006 0.003 | 0.5415 | 0.5313 | 0.5313 | 0.4688 | 0.5563 0.005 | 0.4544 | 0.0516 
17 | 0.5313 | 0.4601 | 0.5625 0.557 | 0.5000 0.006 0.003 | 0.5728 | 0.5625 | 0.5625 | 0.5000 | 0.5875 | 0.005 | 0.4834 0.0516 
18 | 0.5625 | 0.4871 | 0.5938 0.589 | 0.5313 0.006 0.003 | 0.6040 | 0.5938 | 0.5938 | 0.5313 | 0.6188 | 0.006 | 0.5170 0.0516 
19 | 0.5938 | 0.5142 | 0.6250 0.620 | 0.5625 0.007 0.003 | 0.6353 | 0.6250 | 0.6250 | 0.5625 | 0.6500 0.006 | 0.5461 | 0.0516 
20 | 0.6250 | 0.5413 | 0.6563 0.651 | 0.5938 0.007 0.003 | 0.6665 | 0.6563 | 0.6563 | 0.5938 | 0.6813 0.006 | 0.5794 0.0516 
21 | 0.6563 | 0.5683 | 0.6875 0.682 | 0.6250 0.007 0.003 | 0.6978 | 0.6875 | 0.6875 | 0.6250 | 0.7125 0.006 | 0.6090 | 0.0517 
22 | 0.6875 | 0.5954 | 0.7188 0.714 | 0.6563 0.007 0.003 | 0.7290 | 0.7188 | 0.7188 | 0.6563 | 0.7488 | 0.006 | 0.6421 |. 0.0517 
23 | 0.7188 | 0.6225 | 0.7500 0.745 | 0.6875 0.007 0.003 | 0.7603 | 0.7500 | 0.7500 | 0.6875 | 0.7750 | 0.006 | 0.6717 0.0517 
24 | 0.7500 | 0.6495 | 0.7813 0.776 | 0.7188 0.007 0.003 | 0.7915 | 0.7813 | 0.7813 | 0.7188 | 0.8063 0.006 | 0.7046 | 0.0517 
25 | 0.7813 | 0.6766 | 0.8125 | 0.807 | 0.7500 | 0.007 | 0.003 | 0.8228 | 0.8125 | 0. 8125 | 0.7500 | 0.8375 | 0.006 | 0.7343 | 0.0517 
26 | 0.8125 | 0.7036 | 0.8438 0.839 | 0.7813 0.007 0.003 | 0.8540 | 0.8438 | 0.8438 | 0.7813 | 0.8688 | 0.006 | 0.7671 0.0517 
27 | 0.8488 | 0.7307 | 0.8750 0.870 | 0.8125 0.007 0.003 | 0.8853 | 0.8750 | 0.8750 | 0.8125 | 0.9000 0.006 | 0.7969 | 0.0517 
28 | 0.8750 | 0.7578 | 0.9063 0.901 | 0.8438 0.007 0.003 | 0.9165 | 0.9063 | 0.9063 | 0.8438 | 0.9313 0.006 | 0.8296 | 0.0517 
29 | 0.9063 | 0.7848 | 0.9375 | 0.932 | 0.8750 0.007 0.003 | 0.9478 | 0.9375 | 0.9375 | 0.8750 | 0.9625 | 0.006 | 0.8595 0.0517 
30 | 0.9375 | 0.8119 | 0.9688 0.964 | 0.9063 0.007 0.003 | 0.9790 | 0.9688 | 0.9688 | 0.9063 | 0.99388 0.007 | 0.8921 | 0.0517 
31 | 0.9688 | 0.8390 | 1.0000 0.995 | 0.9375 0.007 0.003 | 1.0103 | 1.0000 | 1.0000 | 0.9375 | 1.0250 0.007 | 0.9221 | 0.0517 
32 | 1.0000 | 0.8660-| 1.0313 1.026 | 0.9688 0.007 0.003 | 1.0415 | 1.0313 | 1.0313 | 0.9688 | 1.0563 0.007 | 0.9546 | 0.0517 
33 | 1.0313 | 0.8931 | 1.0625 1.057 | 1.0000 0.007 0.003 | 1.0728 | 1.0625 | 1.0625 | 1.0000 | 1.0875 0.007 | 0.9847 | 0.0517 
34 | 1.0625 | 0.9202 | 1.0938 1.089 | 1.0313 0.007 0.003 | 1.1040 | 1.0938 | 1.0938 | 1.0313 | 1.1188 | 0.007 | 1.0171 0.0517 
35 | 1.0988 | 0.9472 | 1.1250 1.120 | 1.0625 0.007 0.003 | 1.1353 | 1.1250 | 1.1250 | 1.0625 | 1.1500 0.007 | 1.0473 | 0.0518 
36 | 1.1250 | 0.9743 | 1.1563 1.151 | 1.0938 0.007 | 0.003 | 1.1665 | 1.1563 | 1.1563 | 1.0938 | 1.1813 | 0.007 1.0797 | 0.0518 
37 | 1.1563 | 1.0013 | 1.1875 1.182 | 1.1250 0.007 | 0.003 | 1.1978 | 1.1875 | 1.1875 | 1.1250 | 1.2125 | 0.007 | 1.1097 0.0518 
38 | 1.1875 | 1.0284 | 1.2188 1.214 | 1.1563 0.007 | 0.003 | 1.2290 | 1.2188 | 1.2188 | 1.1563 1.2438 | 0.007 | 1.1422 | 0.0518 
39 | 1.2188 | 1.0555 | 1.2500 1.245 | 1.1875 0.007 | 0.003 | 1.2603 | 1.2500 | 1.2500 | 1.1875 | 1.2750 | 0.007 | 1.1724 0.0518 
40 | 1.2500 | 1.0825 | 1.2813 1.276 | 1.2188 0.007 | 0.003 | 1.2915 | 1.2813 | 1.2813 | 1.2188 | 1.3063 0.007 | 1.2047 | 0.0518 
| | 
41 | 1.2813 | 1.1096 | 1.3125 1.307 | 1.2500 0.007 0.003 | 1.3228 | 1.3125 | 1.3125 | 1.2500 | 1.3375 0.007 | 1.2350 | 0.0518 
42 | 1.3125 | 1.1367 | 1.3488 1.339 | 1.2813 0.007 | 0.003 | 1.3540 | 1.3488 | 1.3438 | 1.2813 | 1.3688 | 0.007 | 1.2672 | 0.0518 
43 | 1.3488 | 1.16387 | 1.3750 1.370 | 1.3125 0.007 0.003 | 1.3853 | 1.3750 | 1.3750 | 1.3125 | 1.4000 0.007 | 1.2975 | 0.0518 
44 | 1.3750 | 1.1908 | 1.4063 1.401 | 1.3488 0.007 | 0.003 | 1.4165 | 1.4063 | 1.4063 | 1.3438 | 1.43813 0.007 | 1.3297 | 0.0518 
45 | 1.4063 | 1.2178 | 1.4875 1.432 | 1.3750 0.007 | 0.003 | 1.4478 | 1.4375 | 1.4375 | 1.3750 | 1.4625 | 0.007 1.3601 | 0.0518 
46 | 1.4875 | 1.2449 | 1.4688 1.464 | 1.4063 0.007 0.003 | 1.4790 | 1.4688 | 1.4688 | 1.4063 | 1.4938 | 0.007 | 1.8922 0.0518 
47 | 1.4688 | 1.2720 | 1.5000 1.495 | 1.4375 | 0.007 | 0.003 | 1.5103 | 1.5000 | 1.5000 1.4375 | 1.5250 0.007 | 1.4226 | 0.0518 
, 48 | 1.5000 | 1.2990 | 1.5313 1.526 | 1.4688 0.007 0.003 | 1.5415 | 1.5313 | 1.5313 | 1.4688 | 1.5563 0.007 | 1.4547 | 0.0518 
49 | 1.5313 | 1.3261 | 1.5625 1.557 | 1.5000 0.007 0.003 | 1.5728 | 1.5625 | 1.5625 | 1.5000 | 1.5875 0.007 | 1.4854 | 0.0519 
50 | 1.5625 | 1.3532 | 1.5938 1.589 | 1.5313 0.007 0.003 | 1.6040 | 1.5938 | 1.5938 | 1.5313 | 1.6188 0.007 | 1.5174 | 0.0519 


- The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating proc 


- . * . . . * ess. . . . 
© Tf this dimension is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
ee ee applied. 


«4 = 90-0001 X diameter (Col 4). 
Represents minimum allowable radius of curvature, and is based on 75% of the f ull tangent radius for maximum depth. 


f Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
made, add 60% of the lead error to this dimension (see Table 27). 
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TABLE 17b—32/64 Diametral Pitch, External 
32/64 Diametral Pitch Addendum (Basic), 0.0156 Circular Pitch, 0.0982 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.0600 
EXTERNAL 
Major-diameter fit? Fillet root® Dinansions for all fits 
Flat-root side fit Tooth thickness 
N Major diameter Sefer. diam ta ae | cia | ciB | cic 
Minor fillet | Major Minor Fil TIF Measurement over pins : 
diam diamé | diam | rad | diam : Max effective 
cli; cim | cim |} Dim, He Rad | Ht CLA | CIB | CIC | 0.0486 { 0.0500 | 0.0521 
1 16 17 18 19 20 21 22 23 | 24 25 26 27 28 29 30 31 32 33 
Rec | +9.0000 | +0.0000 | +0.0009 . ; : : . d : Ee raapeteee 
tol Bros aa see, App Min Teo App Max se fooes eth Min‘ Max Min Min Min Min dimensional® 
6 | 0.2173) 0.2187} 0.2196) 0.007| 0.003) 0.1460) 0.005) 0.005) 0.2188) 0.1250) — 0.1687) 0.2732) 0.2750) 0.2778|0.0461|0.0475|0.0496 
7 | 0.2485! 0.2499] 0.2508) 0.007) 0.003) 0.1773) 0.005) 0.005) 0.2500} 0.1563} — 0.1967} 0.2987} 0.3005) 0.3033/0.0461/0.0475|0.0496 
8 | 0.2798; 0.2812) 0.2821) 0.007| 0.003) 0.2085; 0.004) 0.004) 0.2813) 0.1875) — 0.2188) 0.3364) 0.3383) 0.3412 0.0461/0.0475/0.0496 
9 | 0.3110) 0.3124) 0.3133) 0.007) 0.003) 0.2398) 0.004) 0.004) 0.3125) 0.2188) — 0.2500} 0.3632) 0.3651) 0.3680/0.0461\0.0475|0.0496 
10 | 0.3423) 0.3437} 0.3446) 0.007} 0.003) 0.2710) 0.004) 0.004) 0.3438) 0.2500} — 0.2813) 0.3992) 0.4012 0.4042/0.0460|0.0474/0.0495 
11 | 0.3735) 0.3749] 0.3758) 0.007) 0.003} 0.3023) 0.004) 0.004! 0.3750! 0.2813) 0.010) 0.3125) 0.4269) 0.4289) 0.4319/0.0460/0.0474/0.0495 
12 | 0.4048) 0.4062) 0.4071) 0.007; 0.003} 0.3335] 0.003) 0.003) 0.4063) 0.3125) 0.010) 0.3438 0.4620} 0.4641) 0.4671/0.0460)/0.0474/0.0495 
13 | 0.4360) 0.4374! 0.4383] 0.007| 0.003) 0.3648) 0.003) 0.003) 0.4375) 0.3438) 0.009) 0.3750 0.4903) 0.4923) 0.4954/0.0460/0.0474/0.0495 
14 | 0.4673) 0.4687| 0.4696) 0.007} 0.003) 0.3960) 0.003) 0.003) 0.4688] 0.3750} 0.009) 0.4063) 0.5249) 0.5269) 0.5300|0.0460/0.0474\0.0495 
15 | 0.4985) 0.4999} 0.5009) 0.007) 0.003) 0.4273) 0.003) 0.003) 0.5000} 0.4063) 0.009) 0.4375) 0.5535) 0.5556) 0.5587|0.0460/0.0474/0.0495 
16 | 0.5298} 0.5312| 0.5322) 0.007} 0.003) 0.4585) 0.003) 0.003 0.5313) 0.4375} 0.009) 0.4688] 0.5876) 0.5897} 0.5928/0.0460/0.0474/0.0495 
17 | 0.5610} 0.5624! 0.5634) 0.007; 0.003) 0.4898} 0.003) 0.003) 0.5625) 0.4688) 0.008} 0.5000) 0.6166) 0.6187| 0.6218/0.0460/0.0474|0.0495 
18 | 0.5923) 0.5937| 0.5947) 0.007} 0.003) 0.5210) 0.003) 0.003) 0.45938) 0.5000) 0.008) 0.5313) 0.6503) 0.6524; 0.6556/0.0460/0.0474/0.0495 
19 | 0.6235) 0.6249) 0.6259) 0.007| 0.003) 0.5523) 0.003) 0.003) 0.6250) 0.5313) 0.008} 0.5625 0.6795) 0.6816} 0.6848/0.0460|0 .0474/0.0495 
20 | 0.6548) 0.6562) 0.6572) 0.007) 0.003) 0.5835) 0.003) 0.003) 0.6563) 0.5625) 0.008! 0.5938} 0.7130) 0.7151) 0.7183\0.0460|0.0474\0.0495 
. 21 | 0.6860) 0.6874| 0.6884; 0.007) 0.003) 0.6148) 0.003) 0.003) 0.6875) 0.5938) 0.008) 0.6250 0.7424) 0.7445) 0.7477|0.0460/0 .0474/0.0495 
22 | 0.7173) 0.7187) 0.7197; 0.007} 0.003) 0.6460) 0.003) 0.003) 0.7188) 0.6250) 0.008) 0.6563) 0.7755) 0.7777| 0.7809|0.0460/0 .0474/0.0495 
23 | 0.7485) 0.7499) 0.7509] 0.007| 0.003) 0.6773) 0.003) 0.003) 0.7500) 0.6563) 0.008) 0.6875) 0.8051) 0.8073) 0.8105|0.0460)0.0474/0.0495 
24 | 0.7798) 0.7812) 0.7822) 0.007) 0.003) 0.7085) 0.003} 0.003) 0.7813) 0.6875) 0.008) 0.7188) 0.8382) 0.8404! 0.8436)0.0460)0.0474\0.0495 
| 25 | 0.8110} 0.8124) 0.8134) 0.007} 0.003) 0.7398) 0.003) 0.002) 0.8125) 0.7188) 0.008) 0.7500) 0.8679] 0.8701) 0.8733/0.0460|0.0474/0.0495 
i 
/ 26 | 0.8423) 0.8437) 0.8447) 0.007} 0.003) 0.7710) 0.003} 0.002) 0.8438) 0.7500} 0.007) 0.7813} 0.9008) 0.9029} 0.9062/0.0460/0.0474/0.0495 
27 | 0.8735) 0.8749) 0.8759) 0.007) 0.003) 0.8023) 0.003) 0.002} 0.8750) 0.7813) 0.007) 0.8125) 0.9306); 0.9327| 0.9360/0.0460)0.0474/0.0495 
28 | 0.9048! 0.9062) 0.9072) 0.007; 0.003) 0.8335) 0.003} 0.002| 0.9063) 0.8125) 0.007) 0.8438) 0.9632) 0.9654) 0.9687\0.0459)/0.0473)0.0494 
| 29 | 0.9360) 0.9374) 0.9384] 0.007; 0.003; 0.8648) 0.003} 0.002} 0.9375) 0.8438) 0.007| 0.8750) 0.9931) 0.9953) 0.9986/0.0459/0.0473)0.0494 
| 30 | 0.9673) 0.9687) 0.9697) 0.007; 0.003) 0.8960} 0.003) 0.002) 0.9688) 0.8750) 0.007) 0.9063) 1.0258) 1.0280) 1.0313/0.0459|0.0473)0.0494 
} 31 | 0.9985) 0.9999) 1.0009) 0.007) 0.003) 0.9273) 0.003) 0.002) 1.0000} 0.9063) 0.007) 0.9375) 1.0557) 1.0580} 1.0613)0.0459/0.0473)0.0494 
; 32 | 1.0298} 1.0312] 1.0322) 0.007) 0.003) 0.9585) 0.003) 0.002) 1.0313) 0.9375) 0.007} 0.9688) 1.0883) 1.0905| 1.0939|0.0459/0.0473)0.0494 
1 33 | 1.0610} 1.0624) 1.0634) 0.007) 0.003) 0.9898) 0.003) 0.002) 1.0625) 0.9688} 0.007} 1.0000) 1.1184! 1.1206) 1.1240|0.0459\0.0473/0.0494 
\s 34 | 1.0923} 1.0937} 1.0947) 0.007) 0.003} 1.0210} 0.003) 0.002) 1.0938} 1.0000} 0.007} 1.0313] 1.1509} 1.1531] 1.1565|0.0459|0.0473/0.0494 
35 | 1.1235} 1.1249} 1.1259) 0.007} 0.003} 1.0523) 0.003) 0.002) 1.1250} 1.0313) 0.007} 1.0625) 1.1810} 1.1832) 1.1866/0.0459|0.0473/0.0494 
36 | 1.1548) 1.1562) 1.1572] 0.008} 0.003] 1.0835] 0.003] 0.002} 1.1563| 1.0625] 0.007| 1.0938] 1.2135] 1.2157) 1.2191/0.0459/0.0473)/0.0494 
37 | 1.1860} 1.1874] 1.1884} 0.008) 0.003) 1.1148) 0.003) 0.002} 1.1875) 1.0938) 0.007) 1.1250) 1.2437) 1.2459) 1.2493/0.0459/0.0473/0.0494 
38 | 1.2173] 1.2187] 1.2197} 0.008) 0.003) 1.1460} 0.003) 0.002} 1.2188) 1.1250) 0.007} 1.1563) 1.2760) 1.2782) 1.2816/0.0459/0.0473/0 .0494 
39 | 1.2485] 1.2499) 1.2509) 0.008] 0.003) 1.1773] 0.003) 0.002} 1.2500) 1.1563) 0.007) 1.1875) 1.3063) 1.3085) 1.3119/0.0459|0.0473/0.0494 
40 | 1.2798) 1.2812) 1.2822) 0.088) 0.003) 1.2085) 0.003) 0.002) 1.2813) 1.1875) 0.007} 1.2188) 1.3385) 1.3408) 1.3442/0.0459/0.0473 0.0494 
> | | 
41 | 1.3110} 1.3124) 1.3134} 0.008} 0.003) 1.2398) 0.003) 0.002} 1.3125) 1.2188) 0.007} 1.2500) 1.3688) 1.3711) 1.3744|0.0459|0.0473|0.0494 
42 | 1.3423) 1.3437) 1.3447| 0.008) 0.003) 1.2710} 0.003) 0.002) 1.3438) 1.2500) 0.007) 1.2813) 1.4010) 1.4033) 1.4067|0.0459\0.0473/0 .0494 
43 | 1.3735| 1.3749} 1.3759] 0.008) 0.003) 1.3023) 0.003] 0.002) 1.3750) 1.2813} 0.007) 1.3125) 1.4314, 1.4337) 1.4371)0.0459|0.0473)0.0494 
44 | 1.4048} 1.4062) 1.4072) 0.008) 0.003) 1.3335] 0.003).0.002| 1.4063} 1.3125] 0.007} 1.3488) 1.4636) 1.4659} 1.4693|0.0459/0.0473)|0.0494 
45 | 1.4360) 1.4374) 1.4384/ 0.008} 0.003) 1.3648! 0.003) 0.002) 1.4375) 1.3438) 0.007) 1:3750| 1.4940) 1.4963) 1.4997/0.0459\0.0473)0.0494 
46 | 1.4673) 1.4687| 1.4697; 0.008} 0.003} 1.3960) 0.003) 0.002) 1.4688) 1.3750) 0.007) 1.4063) 1.5261) 1.5284 1.5318|0.0459|0.0473)0.0494 
47 | 1.4985) 1.4999] 1.5010) 0.008] 0.003) 1.4273) 0.003) 0.002| 1.5000) 1.4063) 0.007) 1.4375, 1.5564) 1.5587) 1.5621|0.0458/0.0472|0.0493 
48 | 1.5298} 1.5312) 1.5323) 0.008) 0.003} 1.4585) 0.003] 0.002) 1.5313) 1.4875) 0.006) 1.4688 1.5885) 1.5908} 1.5942|0.0458/0.0472/0.0493 
49 | 1.5610} 1.5624) 1.5635} 0.008) 0.003) 1.4898) 0.003} 0.002) 1.5625) 1.4688) 0.006} 1.5000; 1.6191) 1.6214) 1.6248 0.0458)0.0472)0.0493 
50 | 1.5923} 1.5937) 1.5948) 0.008) 0.003} 1.5210) 0.003] 0.002/ 1.5938] 1.5000) 0.006 1.5313} 1.6510) 1.6533} 1.6567/0.0458)0.0472/0.0493 


made, substract 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writin, 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 

© This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 

4 When Col 9B is used for the internal spline, reduce this dimension as covered in Table 17a, footnote c. 

© J = 0.0002 X diameter (Col 24). : ’ 
Represents minimum allowable radius of curvature, and is based on 75% of the fulltangent radius for maximum depth. __ 

£ Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness . When allowances for lead errors must be 

60% of the lead error from this dimension (see Table 27). 


ig. 
19, 26, and 27. 
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INVOLUTE SPLINES 


TABLE 18a—40/80 Diametral Pitch, Internal® 


40/80 Diametral Pitch 
Pressure Angle, 30° 


Addendum (Basic), 0.0125 
Dedendum (See Sec 6) 


Circular Pitch, 0.0785 
Meas-Pin Diam, 0.0360 


INTERNAL AND 


EXTERNAL 


INTERNAL 


Major-diameter fit Fillet-root side fit All fits 
Flat-Root Side Fit Space 
' Base- : Measure- | width 
N es circle Maier TIF Major-diam fillet Major diam Minor Major Fillet ment 
rape diam, Bacte diam Minor TIF diam diam rad between Min 
ref diam Rad Ht Full Short diam pins effective 
deden? deden® 0.0393 
1 2 3 4 5 6 7 8 9A 9B 10 il 12 13 14 15 
-+0.0007 : 
+0.0007 f ( 00 d . . J ; wep es 
sRommmenet | EP | an | S88] asm | on RARE | oi Bln| ame] HRS | ARNE | cath See 
= ; + L) 
6 | 0.1500 | 0.1299 | 0.1750 | 0.174 | 0.13849 | 0.004 | 0.001 | 0.1840 | 0.1750 | 0.1750 | 0.1349 | 0.1950 = 0.1144 | 0.0417 
7 | 0.1750 | 0.1516 | 0.2000 | 0.197 | 0.1575 | 0.004 | 0.002 | 0.2090 | 0.2000 | 0.2000 | 0.1575 | 0.2200 = 0.1352 | 0.0418 
8 | 0.2000 | 0.1732 | 0.2250 | 0.222 | 0.1750 | 0.004 | 0.002 | 0.2340 |, 0.2250 | 0.2250 | 0.1750 | 0.2450 = 0.1645 | 0.0418 
9 | 0.2250 | 0.1949 | 0.2500 0.247 | 0.2000 0.004 0.002 | 0.2590 | 0.2500 | 0.2500 | 0.2000; 0-2700 0.002 | 0.1860 | 0.0418 
10 | 0.2500 | 0.2165 | 0.2750 | 0.272 | 0.2250 | 0.005 | 0.002 | 0.2840 | 0.2750 |_0.2750-|-0.2250 | 0.2950 | 0.002 | 0.2145 | 0.0418 
11 | 0.2750 | 0.2382 | 0.3000 | 0.297 | 0.2500 | 0.005 | 0.002 | 0.3090 | 0.3000 | 0.3000 | 0.2500 | 0.3200 | 0.003 | 0.2367 | 0.0418 
12 | 0.3000 | 0.2598 | 0.3250 | 0.322 | 0.2750 | 0.005 |} 0.002 | 0.3340 | 0.3250 | 0.3250 | 0.2750 | 0.3450 | 0.003 | 0.2644 | 0.0418 
13 | 0.3250 | 0.2815 | 0.3500 | 0.347 | 0.38000 | 0.005 | 0.002 | 0.3590 | 0.3500 | 0.3500 | 0.3000 | 0.3700 | 0.003 | 0.2871 | 0.0418 
14 | 0.3500 | 0.3031 | 0.3750 | 0.372 | 0.3250 | 0.005 | 0.002 | 0.3840 | 0.3750 | 0.3750 | 0.3250 | 0.3950 | 0.003 | 0.3144 | 0.0418 
15 | 0.3750 | 0.3248 | 0.4000 | 0.397 | 0.3500 | 0.005 | 0.002 | 0.4090 | 0.4000 | 0.4000 | 0.3500 | 0.4200 | 0.003 | 0.3374 | 0.0418 
16 | 0.4000 | 0.3464 | 0.4250 | 0.422 | 0.3750 | 0.005 | 0.002 | 0.4340 | 0.4250 | 0.4250 | 0.3750 | 0.4450 | 0.004 | 0.3645 | 0.0418 
17 | 0.4250 | 0.3681 | 0.4500 | 0.447 | 0.4000 | 0.005} 0.002 | 0.4590 | 0.4500 | 0.4500 | 0.4000 | 0.4700 | 0.004 | 0.3876 | 0.0418 
18 | 0.4500 | 0.3897 | 0.4750 | 0.472 | 0.4250 | 0.005 | 0.002 | 0.4840 | 0.4750 | 0.4750 | 0.4250 | 0.4950 | 0.004 | 0.4145 | 0.0418 
19 | 0.4750 | 0.4114 | 0.5000 | 0.497 | 0.4500 | 0.005 | 0.002 | 0.5090 | 0.5000 | 0.5000 | 0.4500 | 0.5200 | 0.004 | 0.4378 | 0.0418 
20 | 0.5000 | 0.4830 | 0.5250 | 0.522 | 0.4750 | 0.005 | 0.002 | 0.5340 | 0.5250 | 0.5250 | 0.4750 | 0.5450 | 0.004 | 0.4644 | 0.0418 
21 | 0.5250 | 0.4547 | 0.5500 | 0.547 | 0.5000 | 0.005 | 0.002 | 0.5590 | 0.5500 | 0.5500 | 0.5000 | 0.5700 | 0.004 | 0.4881 | 0.0419 
22 | 0.5500 | 0.4763 | 0.5750 | 0.572 | 0.5250 | 0.005 | 0.002 | 0.5840 | 0.5750 | 0.5750 | 0.5250 | 0.5950 | 0.004 | 0.5146 | 0.0419 
23 | 0.5750 | 0.4980 | 0.6000 | 0.597 | 0.5500 | 0.005 | 0.002 | 0.6090 | 0.6000 | 0.6000 | 0.5500 | 0.6200 | 0.004 | 0.5383 | 0.0419 
24 | 0.6000 | 0.5196 | 0.6250 | 0.622 | 0.5750 | 0.005 | 0.002 | 0.6340 | 0.6250 | 0.6250 | 0.5750 | 0.6450 | 0.004 | 0.5646 | 0.0419 
25 | 0.6250 | 0.5413 | 0.6500 | 0.647 | 0.6000 | 0.005 | 0.002 | 0.6590 | 0.6500 | 0.6500 | 0.6000 | 0.6700 } 0.004 | 0.5884 | 0.0419 
26 | 0.6500 | 0.5629 | 0.6750 | 0.670 | 0.6250 | 0.005 | 0.003 | 0.6840 | 0.6750 | 0.6750 | 0.6250 | 0.6950 | 0.005 | 0.6146 | 0.0419 
27 | 0.6750 | 0.5846 | 0.7000 | 0.695 | 0.6500 | 0.005 | 0.003 | 0.7090 | 0.7000 | 0.7000 | 0.6500 | 0.7200 | 0.005 | 0.6385 | 0.0419 
28 | 0.7000 | 0.6062 | 0.7250 | 0.720 | 0.6750} 0.005 | 0.003 | 0.7340 | 0.7250 | 0.7250 | 0.6750 | 0.7450 | 0.005 | 0.6646 | 0.0419 
29 | 0.7250 | 0.6279 | 0.7500 | 0.745 | 0.7000 | 0.005 | 0.003 | 0.7590 | 0.7500 | 0.7500 | 0.7000 | 0.7700 | 0.005 | 0.6886 | 0.0419 
30 | 0.7500 | 0.6495 | 0.7750 | 0.770 | 0.7250 | 0.005 | 0.003 | 0.7840 | 0.7750 | 0.7750 | 0.7250 | 0.7950 | 0.005 | 0.7146 | 0.0419 
31 | 0.7750 | 0.6712 | 0.8000 | 0.795 | 0.7500 | 0.005 | 0.003 | 0.8090 | 0.8000 | 0.8000 | 0.7500 | 0.8200 | 0.005 | 0.7386 | 0.0419 
32 | 0.8000 | 0.6928 | 0.8250 | 0.820 | 0.7750 | 0.005 | 0.003 | 0.8340 | 0.8250 | 0.8250 | 0.7750 | 0.8450 | 0.005 | 0.7646 | 0.0419 
33 | 0.8250 | 0.7145 | 0.8500 | 0.845 | 0.8000 | 0.005 | 0.003 | 0.8590 | 0.8500 | 0.8500 | 0.8000 | 0.8700 | 0.005 | 0.7887 | 0.0419 
34 | 0.8500 | 0.7361 | 0.8750 | 0.870 | 0.8250 |} 0.005 | 0.003 | 0.8840 | 0.8750 | 0.8750 | 0.8250 | 0.8950 | 0.005 | 0.8146 | 0.0419 
35 | 0.8750 | 0.7578 | 0.9000 | 0.895 | 0.8500 | 0.005 | 0.003 | 0.9090 | 0.9000 | 0.9000 | 0.8500 | 0.9200 | 0.005 | 0.8388 | 0.0420 
36 | 0.9000 | 0.7794 | 0.9250 | 0.920 | 0.8750 | 0.006 | 0.003 | 0.9340 | 0.9250 | 0.9250 | 0.8750 | 0.9450 | 0.005 | 0.8647 | 0.0420 
37 | 0.9250 | 0.8011 | 0.9500 | 0.945 | 0.9000 | 0.006 | 0.003 | 0.9590 | 0.9500 | 0.9500 | 0.9000 | 0.9700 | 0.005 | 0.8889 | 0.0420 
38 | 0.9500 | 0.8227 | 0.9750 | 0.970 | 0.9250 | 0.006 | 0.003 | 0.9840 | 0.9750 | 0.9750 | 0.9250 | 0.9950 | 0.005 | 0.9147 | 0.0420 
39 | 0.9750 | 0.8444 | 1.0000 | 0.995 | 0.9500 | 0.006 | 0.003 | 1.0090 | 1.0000 | 1.0000 | 0.9500 | 1.0200 | 0.005 | 0.9389 | 0.0420 
40 | 1.0000 | 0.8660 | 1.0250 | 1.020 | 0.9750 | 0.006 | 0.003 | 1.0340 | 1.0250 | 1.0250 | 0.9750 | 1.0450 | 0.005 | 0.9647 | 0.0420 
41 | 1.0250 | 0.8877 | 1.0500 1.045 | 1.0000 | 0.006 | 0.003 | 1.0590 | 1.0500 | 1.0500 | 1.0000 | 1.0700 | 0.005 | 0.9889 | 0.0420 
42 | 1.0500 | 0.9093 | 1.0750 | 1.070 | 1.0250 | 0.006 | 0.003 | 1.0840 | 1.0750 | 1.0750 | 1.0250 | 1.097" 0.005 | 1.0147 | 0.0420 
43 | 1.0750 | 0.9310 | 1.1000 | 1.095 | 1.0500 |} 0.006 | 0.003 | 1.1090 | 1.1000 | 1.1000 | 1.0500 | 1.120u | 0.005 | 1.0390 | 0.0420 
44 | 1.1000 | 0.9526 | 1.1250 | 1.120 | 1.0750 | 0.006 | 0.003 | 1.1340 | 1.1250 | 1.1250 | 1.0750 | 1.1450 | 0.005 | 1.0647 | 0.0420 
45 | 1.1250 | 0.9743 | 1.1500 | 1.145 | 1.1000 | 0.006 | 0.003 | 1.1590 | 1.1500 | 1.1500 | 1.1000 | 1.1700 | 0.005 | 1.0890 | 0.0420 
46 | 1.1500 | 0.9959 | 1.1750 | 1.170 | 1.1250 | 0.006 | 0.003 | 1.1840 | 1.1750 | 1.1750 | 1.1250 | 1.1950 | 0.005 | 1.1147 | 0.0420 
47 | 1.1750 | 1.0176 | 1.2000 | 1.195 | 1.1500 | 0.006 | 0.003 | 1.2090 | 1.2000 | 1.2000 | 1.1500 | 1.2200 | 0.005 | 1.1390 | 0.0420 
48 | 1.2000 | 1.0392 | 1.2250 | 1.220 | 1.1750 | 0.006 | 0.003 | 1.2340 | 1.2250 | 1.2250 | 1.1750 | 1.2450 | 0.005 | 1.1647 | 0.0420 
49 | 1.2250 | 1.0609 | 1.2500 | 1.245 | 1.2000 | 0.006 | 0.003 | 1.2590 | 1.2500 | 1.2500 | 1.2000 | 1.2700 | 0.005 | 1.1893 | 0.0421 
50 | 1.2500 | 1.0825 | 1.2750 | 1.270 | 1.2250} 0.006 | 0.003 | 1.2840 | 1.2750 | 1.2750 | 1.2250 | 1.2950 | 0.005 | 1.2149 | 0.0421 


. The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Intended for cutting by a generating process 


° If this dimension is used 
the chamfer applied. 


ZL = 0.0001 


X diameter (Col 4). 


° Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 


f Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 


made, add 60% of the lead error to this dimension (see Table 27). 


, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 


no ena ati 


40/80 Diametral Pitch 
Pressure Angle, 30° 


INVOLUTE SPLINES 


TABLE 18b—40/80 Diametral Pitch, External 


Addendum (Basic), 0.0125 
Dedendum (See Sec 6) 
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EXTERNAL 


Circular Pitch, 0.0785 
Meas-Pin Diam, 0.0480 


Major-diameter fit> 


Major diameter 


Major-diam 
chamfer 


CHT 


CLI 


Cl WI 


Fillet root® 


Dimensions for all fits 


Flat-root side fit 


Minor 
diam 


Minor-diam 
fillet 


Rad Ht 


Major 
diam‘ 


Tooth thickness 


Measurement over pins 


ClA | CclB | 


cle 


Max effective 


C1B 


cre 


0.0388 | 0.0402 


0.0423 


i 16 


17 


18 


21 


22 23 


24 


25 


29 


30 


31 32 


33 


+0.0000 
— (0.0019 
J) 


+0.0000 
— (0.0006 
a) 


+0.0009 
ae 
—0.0000 


++0.0000 
—0.0075 


App Max 


+0.0000 
—0,0030 


+0.0000 
—0.0075 


Min 


6 | 0.1735 
7 | 0.1985 
8 | 0.2235 
9 | 0.2485 
0.2735 


0.2985 
0.3235 
0.3485 
0.3735 
0.3985 


0.4235 
0.4485 
0.4735 
0.4985 
0.5235 


0.5485 
0.5735 
0.5985 
0.6235 
0.6485 


0.6735 
0.6985 
0.7235 
0.7485 
0.7735 


0.7985 
0.8235 
0.8485 
0.8735 
0.8985 


0.9235 
0.9485 
0.9735 
0.9985 
1.0235 


1.0485 
1.0735 
1.0985 
1.1235 
1.1485 


1.1735 
1.1985 
1.2235 
1.2485 
1.2735 


0.1749 
0.1999 


0.2249 
0.2499 
0.2749 


0.2999 
0.3249 
0.3499 
0.3749 
0.3999 


0.4249 
0.4499 
0.4749 
0.4999 
0.5249 


0.5499 
0.5749 
0.5999 
0.6249 
0.6499 


0.6749 
0.6999 
0.7249 
0.7499 
0.7749 


0.7999 
0.8249 
0.8499 
0.8749 
0.8999 


0.9249 
0.9499 
0.9749 
0.9999 
1.0249 


.0499 
0749 
0999 
. 1249 
. 1499 


ae a 


1:1749 
1.1999 
1.2249 
1.2499 
1.2749 


0.1758 
0.2008 
0.2258 
0.2508 
0.2758 


0.3008 
0.3258 
0.3508 
0.3758 
0.4008 


0.4258 
0.4508 
0.4758 
0.5009 
0.5259 


0.5509 
0.5759 
0.6009 
0.6259 
0.6509 


0.6759 
0.7009 
0.7259 
0.7509 
0.7759 


0.8009 
0.8259 
0.8509 
0.8759 
0.9009 


0.9259 
0.9509 
0.9759 
1.0009 
1.0259 


1.0509 
1.0759 
1.1009 
1.1259 
1.1509 


1.1759 
1.2009 
1.2259 
1, 2509 
1.2759 


0.006 
0.006 
0.006 
0.006 
0.006 


0.006 
0.006 
0.006 
0.006 
0.006 


0.006 
0.006 
0.006 
0.006 
0.006 


0.006 
0.006 
0.006 
0.006 
0.006 


0.006 
0.006 
0.006 
0.006 
0.006 


0.006 
0.006 
0.006 
0.006 
0.006 


0.006 
0.006 
0.006 
0.006 
0.006 


0.006 
0.006 
0.006 
0.006 
0.006 


0.006 
0.006 
0.006 
0.006 
0.006 


0.002 
0.002 
0.002 
0.002 
0.002 


0.002 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.1160 
0.1410 
0.1660 
0.1910 
0.2160 


0.2410 
0.2660 
0.2910 
0.3160 
0.3410 


0.3660 
0.3910 
0.4160 
0.4410 
0.4660 


0.4910 
0.5160 
0.5410 
0.5660 
0.5910 


0.6160 
0.6410 
0.6660 
0.6910 
0.7160 


0.7410 
0.7660 
0.7910 
0.8160 
0.8410 


0.8660 
0.8910 
0.9160 
0.9410 
0.9660 


0.9910 
.0160 
.0410 
.0660 
.0910 


. 1160 
. 1410 
. 1660 
1910 
. 2160 


ee a 


pe ee oe 


0.004 
0.004 
0.004 
0.003 
0.003 


0.004 
0.004 
0.003 
0.003 
0.003 


0.003 
0.008 


0.003 
0.003 


0.003} 0.003 
0.003} 0.002 
0.003} 0.002 


0.003} 0.002 
0.003) 0.002 
0.003} 0.002 
0.003} 0.002 
0.003) 0.002 


0.002 
0.002 
0.002 
0.002 
0.002 


0.002 
0.002 
0.002 
0.002 
0.002 


0.002 
0.002 
0.002 
0.002 
0.002 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.003 
0.003 
0.003 
0.003 
0.003 


0.002 
0.002 
0.002 
0.002 
0.002 


0.002 
0.002 
0.002 
0.002 
0.002 


0.002 
0.002 
0.002 
0.002 
0.002 


0.003 
0.003 
0.003 
0.003 
0.008 


0.1750 
0.2000 
0.2250 
0.2500 
0.2750 


0.3000 
0.3250 
0.3500 


0.3750 
0.4000 


0.4250 
0.4500 
0.4750 
0.5000 
0.5250 


0.5500 
0.5750 
0.6000 
0.6250 
0.6500 


0.6750 
0.7000 
0.7250 
0.7500 
0.7750 


0.8000 
0.8250 
0.8500 
0.8750 
0.9000 


0.9250 
0.9500 
0.9750 
1.0000 
1.0250 


1.0500 
1.0750 
1.1000 
1, 1250 
1.1500 


1.1750 
1.2000 
1.2250 
1.2500 
1.2750 


0.1000 
0.1250 


0.1500 
0.1750 
0.2000 


0.2250 
0.2500 
0.2750 
0.3000 
0.3250 


0.3500 
0.3750 
0.4000 
0.4250 
0.4500 


0.4750 
0.5000 
0.5250 
0.5500 
0.5750 


0.6000 
0.6250 
0.6500 
0.6750 
0.7000 


0.7250 
0.7500 
0.7750 
0.8000 
0.8250 


0.8500 
0.8750 
0.9000 
0.9250 
0.9500 


0.9750 
.0000 
0250 
.0500 
.0750 


. 1000 
1250 
. 1500 
. 1750 
. 2000 


St 


et 


0.1349 
0.1575 
0.1750 
0.2000 
0.2250 


0.2500 
0.2750 
0.3000 
0.3250 
0.3500 


0.3750 
0.4000 
0.4250 
0.4500 
0.4750 


0.5000 
0.5250 
0.5500 
0.5750 
0.6000 


0.6250 
0.6500 
0.6750 


31 0.7000 


0.7250 


0.7500 
0.7750 
0.8000 
0.8250 
0.8500 


0.8750 
0.9000 
0.9250 
0.9500 
0.9750 


1.0000 
1.0250 
1.0500 
1.0750 
1.1000 


1.1250 
1.1500 
1.1750 
1.2000 
1.2250 


0.2178 
0.2382 
0.2683 
0.2897 
0.3185 


0.3406 
0.3687 
0.3913 
0.4190 
0.4419 


0.4692 
0.4924 
0.5193 
0.5426 
0.5694 


0.5930 
0.6195 
0.6431 
0.6696 
0.6934 


0.7197 
0.7435 
0.7696 
0.7935 
0.8197 


0.8436 
0.8696 
0.8937 
0.9197 
0.9438 


0.9698 
0.9939 
.0198 
0440 
0698 


.0940 
1198 
1441 
. 1698 
1942 


2199 
2440 
2697 
2941 
3197 


ee Hee 


Hee ep 


0.2196 
0.2400 
0.2702 
0.2916 
0.3205 


0.3426 
0.3708 
0.3933 
0.4210 
0.4440 


0.4713 
0.4945 
0.5214 
0.5447 
0.5715 


0.5951 
0.6217 
0.6453 
0.6718 
0.6956 


0.7218 
0.7456 
0.7718 
0.7957 
0.8219 


0.8459 
0.8718 
0.8959 
0.9219 
0.9460 


eRe 
i) 
“J 
LS) 
i=) 


Min dimensio! 


0.0363)/0.0377 
0.0363/0.0377 
0.0363/0.0377 


\0.0363/0.0377 
\0.0362|0.0376 


0.0362/0.0376 
0.0362/0.0376 


\(0.0362/0.0376 


0.0362/0.0376 
0.03620 .0376 


0.0362/0.0376 
0.0362/0.0376 
0.0362|0.0376 
0.0362)/0.0376 
0.0362/0.0376 


0.0362)0.0376 
0.0362)/0.0376 
0.0362)0.0376 
0.0362/0.0376 
0 .0362/0.0376 


0.0362 
0.0362 
0.0361 
0.0361 
0.0361 


0.0376 
0.0376 
0.0375 
0.0375 
0.0375 


0.0375 
0.0375 
0.0375 
0.0375 
0.0375 


0.0375 
0.0375 
0.0375 
0.0375 
0.0375 


0.0361 
0.0361 
0.0361 
0.0361 
0.0361 


0.0361 
0.0361 
0.0361 
0.0361 
0.0361 


0.0361 
0.0361 
0.0361 
0.0361 
0.0361 


0.0375 
0.0375 
0.0375 
0.0375 
0.0375 


0.0361)0.0375 
0.0360|0.0374 
0.0360)0.0374 
0.0360)0.0374 
0.0360/0.0374 


nal® 


0.0398 
0.0398 
0.0398 
0.0398 
0.0397 


0.0397 
0.0397 
0.0397 
0.0397 
0.0397 


0.0387 
0.0397 
0.0397 
0.0397 
0.0397 


0.0397 
0.0397 
0.0397 
0.0397 
0.0397 


0.0397 
0.0397 
0.0396 
0.0396 
0.0396 


0.0396 
0.0396 
0.0396 
0.0396 
0.0396 


0.0396 
0.0396 
0.0396 
0.0396 
0.0396 


0.0396 
0.0396 
0.0396 
0.0396 
0.0396 


0.0396 
0.0395 
0.0395 
0.0395 
0.0395 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Measurement over pins for Class A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 


© This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 


d When Col 9B is used for the internal spline, reduce this dimension as covered in Table 18a, footnote c. 
© J = 0.0002 X diameter (Col 24). 
f Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 
® Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 


518 INVOLUTE SPLINES 


TABLE 19a—48/96 Diametral Pitch, Internal 


48/96 Diametral Pitch Addendum (Basic), 0.0104 Circular Pitch, 0.0654 
Pressure Angle, 30° Dedendum (See Sec 6) Meas-Pin Diam, 0.0300 
INTERNAL 
INTERNAL AND EXTERNAL 
Major-diameter fit F illet-root side fit All fits 
Flat-Root Side Fit | Space 
: fs idth 
N bia Rae ps TIF Major-diam fillet | Major diam Minor Major Fillet errs Mais: 
eaee ra Wanic: diam Naor . ae diam diam rad between Min 
: mil as | oat Se ee | ton 
1 3 3 4 5 6 7 8 9A 9B 10 11 12 13 14 15 
+0.0007 | 
0007 = a D a 
Recommended | HE | atin | E005 | Avo | Max | *3S0H0 | —fotoor | ™im | 8.8m | Fhicoon | Mine | Max sonal 
ee) Et + L) ax 
6 | 0.1250 | 0.1083 | 0.1458 | 0.145 | 0.1125 | 0.003 | 0.001 0.1540 | 0.1458 | 0.1458 | 0:1125 | 0.1625 aie 0.0961 | 0.0351 
7 | 0.1458 | 0.1263 | 0.1667 | 0.165 | 0.1312 | 0.003 | 0.001 | 0.1748 0.1667 | 0.1667 | 0.1312 | 0.1833 — 0.1134 | 0.0352 
8 | 0.1667 | 0.1443 | 0.1875 | 0.186 | 0.1458 | 0.004) 0.001 | 0.1956 | 0.1875 | 0.1875 | 0.1458 | 0.2042 | — 0.1378 | 0.0352 
9 | 0.1875 | 0.1624 | 0.2083 | 0.207 | 0.1667 | 0.004 | 0.001 | 0.2165 0.2083 | 0.2083 | 0.1667 | 0.2250 | 0.001 | 0.1558 | 0.0352 ; 
10 | 0.2083 | 0.1804 | 0.2292 | 0.226 0.1875 | 0.004 | 0.002 | 0.2373 °| 0.2292 | 0.2292 | 0.1875 0.2458 | 0.001 | 0.1795 | 0.0352 2 
11 | 0.2292 | 0.1985 | 0.2500 | 0.247 | 0.2083 | 0.004 | 0.002 | 0.2582 | 0.2500 | 0.2500 | 0.2083 0.2667 | 0.001 | 0.1979 | 0.0352 
12 | 0.2500 | 0.2165 | 0.2708 | 0.268 | 0.2292 | 0.004 0.002 | 0.2790 | 0.2708 | 0.2708 | 0.2292 | 0.2875 0.002 | 0.2211 | 0.0352 : 
13 | 0.2708 | 0.2345 | 0.2917 | 0.288 | 0.2500 | 0.004 | 0.002 | 0.2998 0.2917 | 0.2917 | 0.2500 | 0.3083 | 0.002 | 0.2400 0.0352 
14 | 0.2917 | 0.2526 | 0.3125 | 0.309 | 0.2708 | 0.004 | 0.002 | 0.3207 0.3125 | 0.3125 | 0.2708 | 0.3291 | 0.002 | 0.2628 | 0.0352 
15 | 0.3125 | 0.2706.) 0.3333 0.330 | 0.2917 | 0.004) 0.002 | 0.3415 | 0.3383 | 0.3333 | 0.2917 | 0.3500 | 0.002 0.2819 | 0.0352 
16 | 0.3333 | 0.2887 | 0.3542 | 0.351 | 0.3125 | 0.004 | 0.002 } 0.3623 | 0.3542 | 0.3542 | 0.3125 | 0.3708 | 0.002 | 0.3045 | 0.0352 
17 | 0.3542 | 0.3067 | 0.3750 | 0.372 | 0.3333 | 0.004 | 0.002 | 0.3832 0.3750 | 0.3750 | 0.3333 | 0.3917 | 0.003 | 0.3237 | 0.0352 
18 | 0.3750 | 0.3248 | 0.3958 | 0.393 | 0.3542 | 0.004 | 0.002 | 0.4040 0.3958 | 0.3958 | 0.3542 | 0.4125 | 0.003 | 0.3461 | 0.0352 
19 | 0.3958 | 0.3428 | 0.4167 | 0.413 | 0.3750 | 0.004 | 0.002 0.4248 | 0.4167 | 0.4167 | 0.3750 | 0.4333 | 0.003 0.3655 | 0.0352 
20 | 0.4167 | 0.3608 | 0.4375 | 0.434 | 0.3958 | 0.004 | 0.002 | 0.4457 | 0.4375 0.4375 | 0.3958 | 0.4542 | 0.003 | 0.3877 | 0.0352 
21 | 0.4375 | 0.3789 | 0.4583 | 0.455 | 0.4167 | 0.004 | 0.002 0.4665 | 0.4583 | 0.4583 | 0.4167 | 0.4750 | 0.003 | 0.4075 | 0.0353 
92 | 0.4583 | 0.3969 | 0.4792 | 0.476 | 0.4375 | 0.004 | 0.002 | 0.4873 | 0.4792 0.4792 | 0.4875 | 0.4958 | 7.003 | 0.4296 | 0.0353 
93 | 0.4792 | 0.4150 | 0.5000 | 0.497 | 0.4583 | 0.004 | 0.002 | 0.5082 0.5000 | 0.5000 | 0.4583 | 0.5167 | 0.008 | 0.4493 | 0.0353 
24 | 0.5000 | 0.4330 | 0.5208 | 0.518 | 0.4792 | 0.004 | 0.002 | 0.5290 | 0.5208 0.5208 | 0.4792 | 0.5375 | 0.003 | 0.4712 | 0.0353 
25 | 0.5208 | 0.4511 | 0.5417 | 0.538 | 0.5000 | 0.004 | 0.002 | 0.5498 | 0.5417 0.5417 | 0.5000 | 0.5583 | 0.003 | 0.4911 | 0.0353 
26 | 0.5417 | 0.4691 | 0.5625 | 0.559 | 0.5208 | 0.004 | 0.002 | 0.5707 | 0.5625 | 0.5625 | 0.5208 | 0.5791 0.003 | 0.5129 | 0.0353 
97 | 0.5625 | 0.4871 | 0.5833 | 0.580 | 0.5417 | 0.004 | 0.002 | 0.5915 | 0.5833 0.5833 | 0.5417 | 0.6000 | 0.003 | 0.5328 .| 0.0353 
98 | 0.5833 | 0.5052 | 0.6042 | 0.601 | 0.5625 | 0.005 | 0.002 | 0.6123 | 0.6042 0.6042 | 0.5625 | 0.6208 | 0.003 | 0.5546 | 0.0353 
29 | 0.6042 | 0.5232 | 0.6250 | 0.622 | 0.5833 | 0.005 | 0.002 | 0.6332 | 0.6250 0.6250 | 0.5833 | 0.6417 | 0.003 | 0.5746 | 0.0353 
30 | 0.6250 | 0.5413 | 0.6458 | 0.643 | 0.6042 | 0.005 | 0.002 | 0.6540 | 0.6458 0.6458 | 0.6042 | 0.6625 | 0.003 | 0.5963 | 0.0353 
31 | 0.6458 | 0.5593 | 0.6667 | 0.664 | 0.6250 | 0.005 | 0.002 | 0.6748 | 0.6667 0.6667 | 0.6250 | 0.6833 | 0.003 | 0.6163 | 0.0353 
39 | 0.6667 | 0.5774 | 0.6875 | 0.684 | 0.6458 | 0.005 | 0.002 | 0.6957 | 0.6875 0.6875 | 0.6458 | 0.7042 | 0.004 | 0.6379 | 0.0353 
33 | 0.6875 | 0.5954 | 0.7083 | 0.705 | 0.6667 | 0.005 | 0.002 | 0.7165 | 0.7083 0.7083 | 0.6667 | 0.7250 | 0.004 | 0.6580 | 0.0353 
34 | 0.7083 | 0.6134 0.7292 | 0.726 | 0.6875 | 0.005 | 0.002 | 0.7373 | 0.7292 | 0.7292 | 0.6875 | 0.7458 | 0.004 0.6796 | 0.0353 
35 | 0.7292 | 0.6315 | 0.7500 | 0.747 | 0.7083 | 0.005 | 0.002 | 0.7582 | 0.7500 0.7500 | 0.7083 | 0.7667 | 0.004 | 0.6998 | 0.0354 
36 | 0.7500 | 0.6495 | 0.7708 | 0.768 | 0.7292 | 0.005 | 0.002 | 0.7790 | 0.7708 0.7708 | 0.7292 | 0.7875 | 0.004 | 0.7214 | 0.0354 
37 | 0.7708 | 0.6676 | 0.7917 | 0.789 | 0.7500 | 0.005 | 0.002 | 0.7998 | 0.7917 0.7917 | 0.7500 | 0.8083 | 0.004 | 0.7415 | 0.0354 
38 | 0.7917 | 0.6856 | 0.8125 | 0.809 | 0.7708 | 0.005 | 0.002 | 0.8207 | 0.8125 0.8125 | 0.7708 | 0.8291 | 0.004 | 0.7680 | 0.0354 
39 | 0.8125 | 0.7036 | 0.8333 } 0.830 | 0.7917} 0.005 | 0.002 | 0.8415 | 0.8333 0.8333 | 0.7917 | 0.8500 | 0.004 | 0.7832 | 0.0354 
40 | 0.8333 | 0.7217 | 0.8542 | 0.851 | 0.8125 | 0.005 | 0.002 | 0.8623 | 0.8542 0.8542 | 0.8125 0.8708 | 0.004 | 0.8047 | 0.0354 
| 
41 | 0.8542 | 0.7397 | 0.8750 | 0.872 | 0.8333 | 0.005 | 0.002 | 0.8832 | 0.8750 | 0.8750 | 0.83383 0.8917 | 0.004 | 0.8249 | 0.0354 
42 | 0.8750 | 0.7578 | 0.8958 |’ 0.893 | 0.8542 | 0.005 | 0.002 | 0.9040 | 0.8958 | 0.8598 0.8542 | 0.9125 | 0.004 | 0.8464 | 0.0354 
43 | 0.8958 | 0.7758 | 0.9167 0.914 | 0.8750 | 0.005 | 0.002 | 0.9248 | 0.9167 | 0.9167 | 0.8750 | 0.9333 | 0.004 0.8666 | 0.0354 
44 | 0.9167 | 0.7939 | 0.9375 | 0.934 | 0.8958 | 0.005 | 0.002 | 0.9457 | 0.9375 | 0.9375 0.8958 | 0.9542 | 0.004 | 0.8880 | 0.0354 
45 | 0.9375 | 0.8119 | 0.9583 | 0.955 | 0.9167 | 0.005 | 0.002 | 0.9665 | 0.9583 | 0.9583 0.9167 | 0.9750 0.004 | 0.9083 | 0.0354 - 
46 | 0.9583 | 0.8299 | 0.9792 | 0.976 | 0.9375 | 0.005 | 0.002 | 0.9873 | 0.9792 | 0.9792 0.9375 | 0.9958 | 0.004 | 0.9297 0.0354 
47 | 0.9792 | 0.8480 | 1.0000 | 0.997 | 0.9583 | 0.005 | 0.002 1.0082 | 1.0000 | 1.0000 | 0.9583 | 1.0167 | 0.004 | 0.9500 0.0354 
48 | 1.0000 | 0.8660 | 1.0208 | 1.018 | 0.9792 | 0.005 | 0.002 | 1.0290 | 1.0208 | 1.0208 0.9792 | 1.0375 | 0.004 | 0.9714 | 0.0354 
49 | 1.0208 | 0.8841 | 1.0417 1.039 | 1.0000 | 0.005 | 0.002 | 1.0498 | 1.0417 | 1.0417 | 1.0000 | 1.0583 | 0.004 0.9919 | 0.0355 
50 | 1.0417 | 0.9021 | 1.0625 | 1.059 | 1.0208 | 0.005 | 0.002 1.0707 | 1.0625 | 1.0625 | 1.0208 | 1.0791 0.004 | 1.0132 | 0.0855 


8 The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 

b Intended for cutting by a generating process. 

© Tf this dimension is used, the dimension in Col 24 should be decreased by twice the amount of maximum dimensional tooth clearance (see footnote a under Table 2) and 
the chamfer applied. 

4 = 0.0001 X diameter (Col 4). 

© Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. 

f Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the maximum space width. When allowances for lead errors must be 
made, add 60% of the lead error to this dimension (see Table 27). 


INVOLUTE SPLINES 


TABLE 19b—48/96 Diametral Pitch, External* 


519 


48/96 Diametral Pitcl 


o 


Pressure Angle, 30 


Addendum (Basic), 0.0104 
Dedendum (See Sec 6) 


Circular Pitch, 0.0654 
Meas-Pin Diam, 0.0400 


EXTERNAL 


Major-diameter fit> Fillet root® Dimensions for all fits 
Flat-root side fit Tooth thickness 
N Major diameter Major dig det Oe ; cia | cig | cic 
Minor fillet Major Wee Fil TIF Measurement over pins ; 
diam diam4 diam rad Diam Max effective 
Cll: Clit Cl U1 Dim Ht Rad Ht ClA C1B C1C |} 0.0322 | 0.0336 | 0.0357 
1 16 17 18 19 20 21 22 Ze 24 25 26 27 28 29 30 31 32 33 
+0.0000 | +0.0000 | +0.0009 
Ri : é q .0000 { i : F x eee : 
toh — gg = ue a A ae App Min re App Max Ep ees eons Mint Max Min Min Min Min dimensional® 
6 | 0.1443) 0.1457} 0.1466) 0.005) 0.002) 0.0960} 0.004) 0.004) 0.1458} 0.0833} — | 0.1125} 0.1808) 0.1826) 0.1854/0.0297|0.031110.0332 
7 | 0.1652} 0.1666) 0.1675] 0.005) 0.002} 0.1168} 0.003) 0.003) 0.1667) 0.1042) — 0.1312} 0.1978) 0.1996) 0.2024/0.0297|0.0311/0.0332 
8 | 0.1860} 0.1874} 0.1883} 0.005) 0.002} 0.1377} 0.003] 0.003) 0.1875) 0.1250) — 0.1458] 0.2229) 0.2248) 0.2277/0.0297|0.0311|0.0332 
9 | 0.2068) 0.2082} 0.2091} 0.005; 0.002} 0.1585} 0.003] 0.003) 0.2083] 0.1458) — 0.1667) 0.2408] 0.2427) 0.2456/0.0297/0.0311/0.0332 
10 | 0.2277) 0.2291) 0.2300) 0.005} 0.002) 0.1793} 0.003} 0.002) 0.2292) 0.1667) — 0.1875) 0.2646} 0.2666] 0.2696/0.0296/0.0310)0.0331 
“11 | 0.2485} 0.2499} 0.2508] 0.005] 0.002) 0.2002] 0.002} 0.002] 0.2500] 0.1875] 0.007] 0.2083] 0.2831] 0.2851] (0. 2881/0.0296/0.0310/0.0331 
12 | 0.2693) 0.2707) 0.2716) 0.005) 0.002) 0.2210} 0.002} 0.002} 0.2708} 0.2083} 0.006} 0.2292) 0.3065] 0.3086) 0.3116/0.0296/0.0310/0.0331 
13 | 0.2902} 0.2916) 0.2925) 0.005) 0.002) 0.2418) 0.002] 0.002} 0.2917] 0.2292) 0.006) 0.2500] 0.3254] 0:3274| 0.330510.0296/0.0310/0.0331 
14 | 0.3110} 0.3124) 0.3133) 0.005) 0.002) 0.2627} 0.002} 0.002} 0.3125] 0.2500} 0.006) 0.2708] 0.3484] 0.3504] 0.3535/0.0296]/0.0310/0.0331 
15 | 0.3318} 0.3332) 0.3341] 0.005) 0.002) 0.2835) 0.002} 0.002) 0.3333] 0.2708} 0.006} 0.2917] 0.3675] 0.3696} 0.3727/0.0296/0.0310/0.0331 
16 | 0.3527) 0.3541) 0.3550} 0.005) 0.002} 0.3043) 0.002} 0.002) 0.3542) 0.2917) 0.006} 0.3125] 0.3902} 0.3923) 0.3954/0.0296/0.0310/0.0331 
_17 | 0.3735} 0.3749} 0.3758) 0.005) 0.002} 0.3251) 0.002} 0.002] 0.3750} 0.3125] 0.005} 0.3333] 0.4095] 0.4116] 0.4147|0.0296/0.0310|0.0331 
18 | 0.3943] 0.3957| 0.3966} 0.005) 0.002| 0.3460) 0.002} 0.002} 0.3958] 0.3333] 0.005} 0.3542] 0.4319] 0.4340] 0.437210.0296/0.0310/0.0331 
19 | 0.4152) 0.4166) 0.4175} 0.005) 0.002) 0.3668) 0.002] 0.002} 0.4167) 0.3542) 0.005) 0.3750] 0.4514] 0.4535] 0.4567/0.0296|0.0310|0.0331 
20. | 0.4860} 0.4374] 0.4383} 0.005 0.002 0.3877) 0.002} 0.002) 0.4375] 0.3750) 0.005} 0.3958] 0.4737] 0.4758] 0.4790]0.0296/0.0310 0.0331 
21 | 0.4568) 0.4582} 0.4591) 0.005} 0.002) 0.4085] 0.002) 0.002] 0.4583) 0.3958] 0.005} 0.4167] 0.4933) 0.4954] 0.4986/0.0296/0.0310/0.0331 
22 | 0.4777) 0.4791] 0.4800} 0.005) 0.002} 0.4293) 0.002) 0.002) 0.4792} 0.4167) 0.005] 0.4375} 0.5154] 0.5176) 0.5208]0.0296/0.0310/0. 0331 
23 | 0.4985} 0.4999] 0.5009) 0.005] 0.002} 0.4502) 0.002} 0.002] 0.5000} 0.4375] 0.005} 0.4583] 0.5351! 0.5373] 0.5405/0.0296/0.0310|0.0331 
24 | 0.5193) 0.5207) 0.5217) 0.005) 0.002) 0.4710} 0.002} 0.002) 0.5208} 0.4583} 0.005) 0.4792) 0.5572] 0.5594] 0.5626/0.0296/0.0310|0.0331 
25 | 0.5402) 0.5416] 0.5426) 0.005} 0.002) 0.4918) 0.002) 0.002) 0.5417) 0.4792) 0.005] 0.5000} 0.5770) 0.5792] 0.5824/0.0296/0.0310/0.0331 
26 | 0.5610} 0.5624) 0.5634! 0.005 0.002 0.5127] 0.002) 0.002] 0.5625] 0.5000} 0.005] 0.5208] 0.5989) 0.6010} 0.6043)/0.0296/0.0310|0.0331 
27 | 0.5818) 0.5832) 0.5342) 0.005} 0.002] 0.5345} 0.002] 0.002) 0.5833) 0.5208] 0.005) 0.5417} 0.6188] 0.6209] 0.6242/0.0296/0.0310)0.0331 
28 | 0.6027) 0.6041} 0.6051) 0.005) 0.002) 0.5543} 0.002} 0.002) 0.6042} 0.5417] 0.004} 0.5625) 0.6405] 0.6427] 0.6460/0.0295|0.0309/0.0330 
29 | 0.6235) 0.6249] 0.6259) 0.005} 0.002) 0.5751] 0.002) 0.002] 0.6250) 0.5625} 0.004] 0.5833] 0.6604) 0.6626] 0.6659]0.0295/0.0309|0.0330 
30 | 0.6443] 0.6457) 0.6467} 0.005} 0.002) 0.5960) 0.002] 0.002) 0.6458] 0.5833) 0.004] 0.6042] 0.6822) 0.6844) 0.6877/0.0295|0.0309]0.0330 
31 | 0.6652! 0.6666) 0.6676) 0.005} 0.002} 0.6168) 0.002) 0.002) 0.6667} 0.6042] 0.004) 0.6250] 0.7021) 0.7044] 0.7077/0.0295/0.0309|0.0330 
82 | 0.6860} 0.6874| 0.6884) 0.005) 0.002) 0.6377) 0.002) 0.002) 0.6875] 0.6250) 0.004! 0.6458} 0.7238] 0.7260] 0.7294/0.0295/0.0309/0.0330 
33 | 0.7068} 0.7082) 0.7092) 0.005) 0.002) 0.6585) 0.002) 0.002) 0.7083] 0.6458; 0.004! 0.6667] 0.7439] 0.7461] 0.7495/0.0295/0.0309|0.0330 
34 | 0.7277) 0.7291! 0.7301} 0.005) 0.002} 0.6793} 0.002) 0.002) 0.7292) 0.6667| 0.004! 0.6875] 0.7656) 0.7678] 0.7712/0.0295/0.0309/0.0330 
35 | 0.7485) 0.7499] 0.7509) 0.005} 0.002) 0.7002} 0.002) 0.001) 0.7500) 0.6875} 0.004} 0.7083) 0.7857] 0.7879} 0.7913}0.0295/0.0309|0.0330 
36 | 0.7693} 0.7707) 0.7717) 0.005} 0.002} 0.7210} 0.002} 0.001] 0.7708] 0.7083) 0.004) 0.7292) 0.8073) 0.8095} 0.8129]0.0295|0.0309|0.0330 
37 | 0.7902) 0.7916} 0.7926) 0.005} 0.002) 0.7418) 0.002) 0.001) 0.7917] 0.7292) 0.004} 0.7500) 0.8274} 0.8296} 0.8330/0.0295/0.0309|0.0330 
38 | 0.8110} 0.8124! 0.8134) 0.005) 0.002) 0.7627) 0.002) 0.001) 0.8125) 0.7500) 0.004} 0.7708} 0.8490) 0.8512] 0.8546/0.0295/0.0309/0.0330 
39 | 0.8318} 0.8332} 0.8342) 0.005) 0.002} 0.7835) 0.002) 0.001) 0.8333] 0.7708) 0.004] 0.7917] 0.8692) 0.8714] 0.8748]0.0295/0.0309/0.0330 
40 | 0.8527) 0.8541] 0.8551} 0.005] 0.002| 0.8043] 0.002) 0.001) 0.8542) 0.7917| 0.004} 0.8125) 0.8906) 0.8929] 0.8963]/0.0295/0. 0309/0. 0330 
41 | 0.8735] 0.8749] 0.8759) 0.005) 0.002) 0.8251) 0.002} 0.001) 0.8750] 0.8125} 0.004] 0.8333] 0.9108] 0.9131] 0.9165/0.0295/0.0309]0.0330 
42 | 0.8943} 0.8957] 0.8967) 0.005) 0.002] 0.8460] 0.002} 0.001) 0.8958} 0.8333} 0.004] 0.8542] 0.9323) 0.9346] 0.9380/0.0295/0.0309/0.0330 
43 | 0.9152) 0.9166} 0.9176) 0.005) 0.002} 0.8668) 0.002) 0.001) 0.9167} 0.8542} 0.004) 0.8750} 0.9525} 0.9548} 0.958210.0295|0.0309|0.0330 
44 | 0.9360! 0.9374! 0.9384) 0.005) 0.002] 0.8877) 0.002} 0.001) 0.9375] 0.8750} 0.004} 0.8958] 0.9740) 0.9762] 0.9797/0.0295|0.0309]0.0330 
45 | 0.9568) 0.9582) 0.9592| 0.005) 0.002} 0.9085) 0.002) 0.001) 0.9583) 0.8958] 0.004) 0.9167) 0.9943) 0.9966] 1.0000)0.0295/0.0309|0. 0330 
46 | 0.9777| 0.9791) 0.9801) 0.005} 0.002! 0.9293] 0.002) 0.001) 0.9792) 0.9167] 0.004} 0.9375] 1.0157} 1.0180} 1.0214/0.0295|0.0309|0.0330 
47 | 0.9985} 0.9999} 1.0009} 0.005) 0.002} 0.9502) 0.002] 0.001) 1.0000) 0.9375} 0.004) 0.9583} 1.0358} 1.0381} 1.0415/0.0294/0.0308/0.0329 
48 | 1.0193) 1.0207} 1.0217) 0.005} 0.002} 0.9710} 0.002) 0.001} 1.0208] 0.9583) 0.004) 0.9792} 1.0572} 1.0595] 1.0629]0.0294/0.0308/0.0329 
49 | 1.0402} 1.0416] 1.0426) 0.005) 0.002) 0.9918} 0.002| 0.001) 1.0417) 0.9792} 0.004] 1.0000] 1.0775] 1.0798} 1.0832/0.0294/0.0308}0.0329 
50 | 1.0610} 1.0624) 1.0634) 0.005) 0.002} 1.0127) 0.002) 0.001) 1.0625) 1.0000) 0.004} 1.0208] 1.0989} 1.1012} 1.1046/0.0294/0.0308|0.0329 


Measurement over pins for C 


4 When Col 9B is used for the internal spline, reduce this dimension as covered in Table 19a, footnote c. 


© J = 0.0002 X diameter (Col 24). 


Represents minimum allowable radius of curvature, and is based on 75% of the full tangent radius for maximum depth. | 
£ Allowable errors (Table 27), except lead, have been added to the machining tolerance in computing the minimum tooth thickness. When allowances for lead errors must be 
made, subtract 60% of the lead error from this dimension (see Table 27). 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
A is recommended (Col 28), but if tighter fits are required, Class B (Col 29) may be used. See also Sections 19, 26, and 27. 
© This may be used for a major-diameter fit by using dimension in Col 16, 17, or 18 instead of that in Col 24. 


520 


5/10 Diametral Pitch 
Pressure Angle, 30° 


INVOLUTE SPLINES 


TABLE 20—45/10 Diametral Pitch, Minor-Diameter Fits® 


Addendum? (Basic), 0.1000 
Meas-Pin Diam (Int), 0.2880 


Internal and External 


Circular Pitch, 0.6283 
Meas-Pin Diam (Ext), 0.3840 


MINOR-DIAMETER FITS® 


Internal 


External 


Pitch | Base- | yp Deine Major Mer an Minor diameter feabune Major | Minor aa ial Trp | Measure- 
N diam, circle diam ——| diam between diam eam, diam | ment over 
Bei) Mie Rad | Ht Ang | Ht | CIX ] CLY | C1Z | pins Sah Rad apeeirtt ae 
1 2 3 10 7 8 9-A 34 35 36 37 38 14 24 39 22 23 40 28 
+0.0019 |-+-0.0006 | -++0.0000 -++0.0000 
Repmended a Min App | Max pee Deg | Min Be ps ins cae Be Max aoe - Ae App | Max | Max Min! 
6 1.2000)1.0392) 1.4000/0.029 |0.010 | 1.4440 | 53.5 |0.040 |1.0015)1.0001/0.9991) 0.8859 | 1.4000 |1.0000/0.034 |0.034 |1.067 | 1.7676 
if 1.4000)1.2124) 1.6000/0.032 |0.012 | 1.6440 | 53.5 |0.036 |1.2015]1.2001/1.1991) 1.0505 | 1.6000 |1.2000/0.030 |0.030 |1.259 | 1.9307 
8 | 1.6000)1.3856) 1.8000/0.034 |0.013 | 1.8440 | 53.5 10.033 |1.4015]1.4001/1.3990} 1.2861 | 1.8000 |1.4000/0.028 |0.027 |1.453 | 2.1729 
9 1.8000)1.5588} 2.0000/0.036 |0.014 | 2.0440 | 58.5 |0.030 |1.6015)1.6001)1.5990} 1.4593 | 2.0000 |1.6000/0.026 |0.025 |1.649 | 2.3447 
10 | 2.0000)1.7321) 2.2000)0.037 |0.015 | 2.2440 | 53.5 |0.029 |1.8015)1.8001)1.7989) 1.6862 | 2.2000 |1.8000)0.024 |0.024 |1.847 | 2.5767 
ll 2.2000/1.9053} 2.4000/0.038 |0.016 | 2.4440 | 53.5 10.027 |2.0015/2.0001)1.9989) 1.8641 | 2.4000 |2:0000)0.023 |0.023 |2.045 | 2.7539 
12 | 2.4000/2.0785} 2.6000|0.039 |0.016 | 2.6440 | 53.5 |0.026 |2.2015/2.2001/2.1989| 2.0864} 2.6000 |2.2000/0.022 |0.021 |2.241 | 2.9796 
13 | 2.6000/2.2517} 2.8000|0.039 |0.017 | 2.8440 | 53.5 |0.025 |2.4015|2.4001/2.3988] 2.2676 | 2.8000 |2.4000/0.022 |0.021 |2.441 | 3.1604 
14 | 2.8000/2.4249} 3.0000/0.040 |0.017 | 3.0440 | 53.5 10.024 |2.6015|/2.6001/2.5988} 2.4864 | 3.0000 |2.6000/0.021 |0.020 |2.639 | 3.3817 
15 | 3.0000/2.5981) 3.2000/0.040 |0.018 | 3.2440 | 53.5 |0.023 |2.8015/2.8001/2.7987| 2.6701 | 3.2000 |2.8000/0.020 |0.019 |2.837 | 3.5652 
16 | 3.2000/2.7713) 3.4000/0.041 j0.018 | 3.4440 | 53.5 |0.022 |3.0015/3.0001/2.9987| 2.8866 | 3.4000 |3.0000/0.020 |0.019 |3.037 | 3.7835 
17 | 3.4000/2.9445} 3.6000/0.041 |0.018 | 3.6440 | 53.5 |0.022 |3.2015|3.2001/3.1987| 3.0722 | 3.6000 |3.2000/0.020 |0.018 |3.235 | 3.9690 
18 | 3.6000/3.1177| 3.8000/0.041 |0.019 | 3.8440 | 53.5 |0.021 |3.4015)3.4001/3.3986| 3.2866 | 3.8000 |3.4000)0.020 |0.018 |3.435 | 4.1851 
19 | 3.8000/3.2909} 4.0000|0.042 |0.019 | 4.0440 | 53.5 {0.021 |3.6015)3.6001/3.5986| 3.4738 | 4.0000 |3.6000/0.020 |0.017 |3.633 | 4.3720 
20 | 4.0000)/3.4641) 4.2000/0.042 |0.019 | 4.2440 | 53.5 |0.020 |3.8015/3.8001/3.7985| 3.6866 | 4.2000 |3.8000/0.020 |0.017 |3.833 | 4.5863 
21 4,2000|3.6373) 4.4000/0.042 |0.019 | 4.4440 | 53.5 |0.020 |4.0015]4.0001|3.9985] 3.8750 | 4.4000 |4.0000/0.020 |0.017 |4.033 | 4.7742 
22 | 4.4000|3.8105| 4.6000/0.042 |0.019 | 4.6440 | 53.5 |0.020 |4.2015/4.2001/4.1985] 4.0867 | 4.6000 |4.2000/0.020 |0.016 |4.231 | 4.9872 
23 | 4.6000/3.9837| 4.8000/0.042 |0.019 | 4.8440 | 52.5 |0.019 |4.4015/4.4001/4.3984| 4.2760 | 4.8000 |4.4000|0.020 |0.016 |4.431 | 5.1765 
24 | 4.8000/4.1569} 5.0000)0.043 |0.020 | 5.0440 | 53.5 |0.019 |4.6015/4.6001/4.5984| 4.4867 | 5.0000 |4.600010.020 |0.016 |/4.631 | 5.3880 
25 | 5.0000/4.3801| 5.2000/0.043 |0.020 | 5.2440 | 58.5 10.019 |4.8015/4.8001/4.7983} 4.6769 | 5.2000 |4.8000/0.020 |0.016 |4.830 | 5.5782 
26 | 5.2000/4.5033) 5.4000/0.043 |0.020 | 5.4440 | 53.5 10.019 |5.0015]5.0001/4.9983] 4.8867 | 5.4000 |5.0000/0.020 |0.016 |5.030 | 5.7889 
27 =| 5.4000/4.6765} 5.6000}0.043 10.020 | 5.6440 | 53.5 0.018 |5.2015/5.2001|5.1983] 5.0778 | 5.6000 |5.2000/0.020 |0.015 |5.228 | 5.9797 
28 | 5.6000)4.8497} 5.8000)0.043 |0.020 | 5.8440 | 53.5 10.018 |5.4015/5.4001/5.3982] 5.2870 | 5.8000 |5.4000/0.020 |0.015 |5.428 | 6.1895. 
29 | 5.8000/5.0229| 6.0000/0.043 |0.020 | 6.0440 | 53.5 0.018 |5.6015]5.6001/5.5982) 5.4784 | 6.0000 |5.6000/0.020 |0.015 15.628 | 6.3810 
30 | 6.0000/5.1962) 6.2000,0.043 |0.020 | 6.2440 | 58.5 |0.018 |5.8015/5.8001/5.7981) 5.6869 | 6.2000 |5.8000/0.020 |0.015 |5.828-| 6.5901 
31 6. 2000|5.3694) 6.4000/0.044 0.020 | 6.4440 | 53.5 |0.018 |6.0015/6.0001/5.9981] 5.8790 | 6.4000 |6.0000/0.020 |0.015 |6.028 | 6.7822 
32 | 6.4000/5.5426) 6.6000/0.044 |0.021 | 6.6440 | 53.5 |0.018 |6.2015/6.2001/6.1981| 6.0869 | 6.6000 |6.2000/0.020 |0.015 |6.228 | 6.9907 
33 | 6.6000/5.7158) 6.8000)0.044 |0.021 | 6.8440 | 53.5 |0.017 |6.4015/6.4001/6.3980) 6.2795 | 6.8000 |6.4000/0.020 |0.014 |6.426 | 7.1832 
34 | 6.8000/5.8890) 7.0000/0.044 0.021 | 7.0440 | 53.5 |0.017 |6.6015/6.6001/6.5980| 6.4869 | 7.0000 |6.6000/0.020 |0.014 |6.626 | 7.3911 
35 | 7.0000)6.0622) 7.2000/0.044 |0.021 | 7.2440 | 538.5 |0.017 |6.8015/6.8001/6.7979| 6.6799 | 7.2000 |6.8000/0.020 [0.014 |6.826 | 7.5840 
36 | 7.2000)6.2354; 7.4000/0.044 |0.021 | 7.4440 | 53.5 |0.017 |7.0015/7.0001/6.9979] 6.8869 | 7.4000 |7.0000/0.020 |0.014 17.026 | 7.7914 
37 | 7.4000/6.4086| 7.6000/0.044 |0.021 | 7.6440 | 53.5 |0.017 |7.2015/7.2001/7.1979] 7.0805 | 7.6000 |7.2000/0.020 |0.014 |7.226 | 7.9847 
38 | 7.6000/6.5818} 7.8000/0.044 |0.021 | 7.8440 | 54.0 |0.017 |7.4015)7.400117.3978] 7.2871 | 7.8000 |7.4000/0.020 |0.014 |7.426 | 8.1918 
39 | 7.8000)/6.7550| 8.0000/0.044 |0.021 | 8.0440 | 54.0 |0.017 |7.6015/7.6001/7.5978| 7.4808 | 8.0000 |7.6000/0.020 |0.014 17.626 | 8.3855 
40 | 8.0000/6.9282) 8.2000/0.044 |0.021 | 8.2440 | 54.0 |0.017 |7.8015/7.8001/7.7977| 7.6871 | 8.2000 |7.8000/0.020 |0.014 |7.826 | 8.5922 
41 8.2000/7.1014| 8.4000)0.044 |0.021 | 8.4440 | 54.0 |0.017 |8.0015/8.0001|7.9977| 7.8812 | 8.4000 |8.0000/0.020 |0.014 |8.026 | 8.7862 
42 | 8.4000)7.2746) 8.6000/0.044 |0.021 | 8.6440 | 54.0 |0.016 |8.2015/8.2001/8.1977| 8.0871 | 8.6000 |8.2000/0.020 |0.014 |8.226 | 8.9925 
43 | 8.6000|7.4478) 8.8000/0.044 |0.021 | 8.8440 | 54.0 10.016 |8.4015/8.4001/8.3976) 8.2814 | 8.8000 |8.4000/0.020 |0.014 |8.426 | 9.1868 
44 | 8.8000|7.6210} 9.0000,0.044 |0.021 | 9.0440 | 54.0 10.016 |8.6015/8.6001'8.5976) 8.4872 | 9.0000 |8.6000/0.020 |0.014 |8.626 | 9.3928 
45 | 9.0000|7.7942) 9.20000.044 (0.021 | 9.2440 | 54.0 |0.016 |8.8015/8.8001/8.7975) 8.6817 | 9.2000 |8.8000|0.020 |0.013 |8.824 | 9.5873 
46 | 9.2000|7.9674| 9.4000/0.044 |0.021 | 9.4440 | 54.0 |0.016 |9.0015/9.0001/8.9975| 8.8872 | 9.4000 |9.0000/0.020 |0.013 |9.024 | 9.7931 
47 9.4000/8. 1406! 9.6000)0.045 |0.021 | 9.6440 | 54.0 |0.016 |9.2015/9. 2001/9. 1975} 9.0820 | 9.6000 |9.2000/0.020 |0.013 |9.224 | 9.9878 
48 | 9.6000|/8.3138) 9.8000)0.045 |0.021 | 9.8440 | 54.0 |0.016 |9.4015/9.4001/9.3974| 9.2873 | 9.8000 |9.4000/0.020 |0.013 |9.424 110.1933 
49 | 9.8000)/8.4870)10.0000/0.045 |0.021 |10.0440 | 54.0 |0.016 |9.6015|9.6001/9.5974| 9.4823 |10.0000 |9.6000/0.020 10.013 |9.624 |10.3881 
50 |10.0000)8.6603/10.2000)0.045 |0.021 |10.2440 | 54.0 |0.016 |9.8015/9.8001/9.7973/ 9.6873 |10.2000 |9.8000/0.020 10.013 |9.823 |10.5934 


x The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
For dedendum, see Section 6. Dedendum of external spline is the same as the addendum. 


© For space width and tooth thickness, see Tables 9a and 9b. 


47 = 0.0001 X diameter (Col 39). 
“2, = 0.0002 X diameter (Col 39). 
If tighter fits are desired, use Col 29 or 30, Table 9b. 


ETE ae 


Soe 


INVOLUTE SPLINES 521 


TABLE 21—6/12 Diametral Pitch, Minor-Diameter Fits* 


6/12 Diametral Pitch | Addendum? (Basic), 0.0833 Circular Pitch, 0.5236 


Pressure Angle, 30° Meas-Pin Diam (Int), 0.2400 Meas-Pin Diam (Ext), 0.3200 


MINOR-DIAMETER FITS® 


Internal and External Internal External 
Pitch | Base- | 7p aes a Mayor | Este Minor diameter peeonire: Major | Minor Minor diam Trp | Measure- 
N diam, =e diam’ | ————————|_ diam between diam ae Ne dina caterer 
ae vem Rad | Ht Ang | Ht | 1X | cly | c1z | pins Bete Rad |. He pis 
1 2 3 10 7 8 9-A 34 35 36 37 38 14 24 39 22 23 40 28 
40.0019 | +-0.0006 | -+0.0000 +0.0000 

Recommended Min | App | Max | TO-02l7 | Deg | Min dA] + 28 [00009] Max eee le (0.0006) App; | ‘Max | Maz Min‘ 
6 | 1.0000/0.8660} 1.1667/0.024 |0.009 | 1.2040 | 53.5 0.034 |0.8348/0.8334/0.8324) 0.7379 | 1.1667 |0.8333/0.028 0.028 0.889 | 1.4730 
7 | 1.1667/1.0104| 1.3333/0.027 |0.010 | 1.3707 | 53.5 |0.030 {1.00151 .0001/0.9991| 0.8762 | 1.3333 |1.0000|0.025 |0.025 |1.049 | 1.6090 
8 | 1.3333/1.1547| 1.5000/0.028 |0.011 | 1.5373 | 53.5 J0.027 |1.1682/1.1668/1.1658} 1.0716 | 1.5000 |1.1667|0.023 |0.023 1.212 | 1.8108 
9 | 1.5000/1.2990' 1.6667/0.030 |0.012 | 1.7040 | 53.5 10.025 |1.3348]1.3334/1.3323) 1.2159 | 1.6667 |1.3333)0.022 0.021 |1.374 | 1.9540 
10 | 1.6667/1.4434| 1.8333/0.031 0.013 | 1.8707 | 53.5 |0.024 |1.5015]1.5001|1.4990) 1.4051 | 1.8333 |1.5000)0.020 |0.020 |1.539 | 2.1472 
11 1.8333/1.5877| 2.0000|0.032 |0.013 | 2.0373 | 53.5 |0.023 |1.6682/1.6668]1.6657| 1.5534 | 2.0000 |1.6667\0.019 0.019 |1.704 | 2.2949 
12 | 2.0000/1.7321| 2.1667/0.032 |0.014 | 2.2040 | 53.5 |0.022 |1.8348]1.8334)1.8322) 1.7385 | 2.1667 |1.8333)0.018 |0.018 |1.868 | 2.4830 
13 | 2.1667/1.8764| 2.3333/0.033 |0.014 | 2.3707 | 53.5 |0.021 |2.0015/2.0001)1.9989} 1.8895 | 2.3333 |2.0000)0.018 |0.017 |2.033 | 2.6336 
14 | 2.3333/2.0207| 2.5000}0.033 |0.014 | 2.5373 | 53.5 |0.020 |2.1682/2.1668)2.1656] 2.0719 | 2.5000 |2.1667|0.018 |0.017 |2.200 | 2.8181 
15 | 2.5000/2.1651) 2.6667/0.034 |0.015 | 2.7040 | 53.5 |0.019 |2.3348)/2.3334/2.3321) 2.2250 | 2.6667 |2.3333)0.017 |0.016 |2.364 | 2.9710 
16 | 2.6667/2.3094| 2:8333/0.034 |0.015 | 2.8707 | 53.5 |0.019 |2.5015/2.5001/2.4988| 2.4052 | 2.8333 |2.5000)0.017 |0.016 2.531 | 3.1530 
17. | 2.8333/2.4537) 3.0000/0.034 10.015 | 3.0373 | 53.5 |0.018 |2.6682|/2.6668/2.6655| 2.5599 | 3.0000 |2.6667|0.017 |0.015 |2.696 | 3.3075 
18 | 3.0000/2.5981) 3.1667/0.035 |0.016 | 3.2040 | 53.5 |0.018 |2.8348|/2.8334/2.8320] 2.7386 | 3.1667 |2.8333|0.017 |0.015 |2.862 | 3.4875 
19 | 3.1667/2.7424| 3.3333/0.035 |0.016 | 3.3707 | 53.5 |0.017 |3.0015|/3.0001/2.9987| 2.8946 | 3.3333 |3.0000|0.017 /0.015 [3.029 | 3.6433 
20 | 3.3333/2.8868! 3.5000/0.035 |0.016 | 3.5373 | 53.5 10.017 |3.1682/3.1668|3.1654| 3.0720 | 3.5000 |3.1667|0.017 |0.014 |3.194 | 3.8219 
21 3.5000/3.0311| 3.6667/0.035 |0.016 | 3.7040 | 53.5 10.017 |3.3348/3.3334|3.3319] 3.2291 | 3.6667 |3.3333]0.017 0.014 |3.360 | 3.9788 
22 | 3.6667/3.1754| 3.8333/0.035 |0.016 | 3.8707 | 53.5 0.016 |3.5015/3.5001/3.4986) 3.4055 | 3.8333 |3.5000}0.017 j0.014 [3.527 | 4.1560 
23 | 3.8333/3.3198] 4.0000/0.035 |0.016 | 4.0373 | 53.5 10.016 |3.6682/3.6668]/3.6653| 3.5633 | 4.0000 |3.6667/0.017 |0.014 |3.693 | 4.3138 
24 | 4.0000/3.4641| 4.1667/0.036 |0.016 | 4.2040 | 53.5 0.016 |3.8348/3.8334/3.8318] 3.7389 | 4.1667 |3.8333/0.017 |0.013 |3.858 | 4.4902 
25 | 4.1667/3.6084| 4.333310.036 0.017 | 4.3707 | 53.5 10.016 |4.0015/4.0001/3.9985) 3.8973 | 4.3333, |4.0000)0.017 0.013 |4.025 | 4.6486 
26 | 4.333313.7528| 4.5000/0.036 10.017 | 4.5373 | 53.5 |0.016 |4.1682/4.1668/4.1652) 4.0721 | 4.5000 |4.1667|0.017 |0.013 |4.191 | 4.8241 
27 | 4.5000/3.8971| 4.6667|0.036 |0.017 | 4.7040 | 53.5 10.015 |4.3348]/4.3334/4.3317) 4.2312 | 4.6667 |4.3333]0.017 |0.013 |4.358 | 4.9832 
28 | 4.6667|/4.0415| 4.8333/0.036 10.017 | 4.8707 | 53.5 |0.015 |4.5015}4.5001/4. 4984) 4.4055 | 4.8333 |4.5000]0.017 |0.013 [4.525 | 5.1578 
29 | 4.8333/4.1858) 5.0000/0.036 10.017 | 5.0373 | 53.5 |0.015 |4.6682/4.6668/4.6651| 4.5651 | 5.0000 |4:6667|0.017 |0.013 [4.691 | 5.3174 
30 | 5.0000/4.3301| 5.1667/0.036 |0.017 | 5.2040 | 53.5 10.015 }|4.8348]4.833414.8316} 4.7388 | 5.1667 |4.8333/0.017 |0.012 |4.856 | 5.4917 
31 | 5.1667/4.4745| 5.3333/0.036 10.017 | 5.3707 | 53.5 10.015 |5.0015]5.0001/4.9983] 4.8989 | 5.3333 |5.0000)0.017 |0.012 [5.022 | 5.6518 
32 | 5.3333/4.6188! 5.5000/0.036 |0.017 | 5.5373 | 53.5 |0.015 |5.1682/5.1668]5. 1650} 5.0722 | 5.5000 |5.1667|0.017 |0.012 |5.189 | 5.8255 
33 | 5.5000/4.7631| 5.6667|0.037 10.017 | 5.7040 | 53.5 |0.015 |5.3348]5.333415.3315) 5.2327 | 5.6667 |5.3333/0.017 0.012 [5.356 | 5.9860 
34 | 5.6667/4.9075| 5.8333/0.037 |0.017 | 5.8707 | 53.5 10.014 {5.5015)5.5001|5.4982| 5.4055 | 5.8333 |5.5000)0.017 |0.012 |5.522 | 6.1592 
35 | 5.8333/5.0518] 6.0000/0.037 |0.017 | 6.0373 | 53.5 {0.014 |5.6682)/5.6668]/5.6649| 5.5666 | 6.0000 |5.6667/0.017 |0.012 |5.689 | 6.3200 
36 | 6.0000/5.1962] 6.1667/0.037 |0.017 | 6.2040 | 53.5 |0.014 |5.8348]/5.8334|5.8314| 5.7391 | 6.1667 |5.8333]0.017 |0.012 |5.856 | 6.4929 
37 | 6.1667|/5.3405) 6.3333/0.037 |0.017 | 6.3707 | 53.5 |0.014 |6.0015}6 .0001/5.9981} 5.9002 | 6.3333 |6.0000/0.017 |0.012 (6.022 | 6.6540 
38 | 6.3333/5.4848] 6.5000/0.037 |0.018 | 6.5373 | 54.0 |0.014 |6.1682/6. 1668/6. 1648] 6.0724 | 6.5000 |6.1667)0.017 |0.012 |6.189 | 6.8266 
39 | 6.5000/5.6292| 6.6667/0.037 |0.018 | 6.7040 | 54.0 |0.014 |6.3348]/6.3334/6.3313] 6.2338 | 6.6667 |6/3333/0.017 0.012 |6.355 | 6.9980 
40 | 6.6667/5.7735| 6.8333/0.037 |0.018 | 6.8707 | 54.0 |0.014 |6.5015)6.5001/6.4980) 6.4058 | 6.83383 |6.5000|0.017 |0.012 |6.522 | 7.1602 
41 | 6.833315.9178| 7.0000|0.037 |0.018 | 7.0373 | 54.0 |0.014 |6.6682|/6.6668|6.6647] 6.5674 | 7.0000 |6.6667\0.017 |0.012 (6.689 | 7.3219 
. 42 | 7.0000|6.0622| 7.1667/0.037 10.018 | 7.3707 | 54.0 10.014 16.8348/6.8334/6.8312) 6.7391 | 7.1667 |6.8333/0.017 (0.011 |6.853 | 7.4938 
43 | 7.1667/6.2065| 7.3333/0.037 |0.018 | 7.5373 | 54.0 |0.014 |7.0015!7.0001/6.9979} 6.9010 | 7.3333 |7.0000)/0.017 0.011 |7.020 | 7.6558 
44 | 7.3333/6.3509) 7.5000/0.037 |0.018 | 7.7040 | 54.0 |0.014 |7.1682|7.1668]/7. 1646] 7.0724 | 7.5000 |7.1667/0.017 |0.011 |7.187 | 7.8274 
45 | 7.5000/6.4952| 7.6667/0.037 |0.018 | 7.8707 | 54.0 |0.014 |7.3348/7.3334/7.3311] 7.2346 | 7.6667 |7.3333/0.017 0.011 |7.353 | 7.9895 
46 | 7.6667/6.6395| 7.8333/0.037 |0.018 | 8.0373 | 54.0 |0.013 |7.5015|7.5001|7.4978| 7.4058 | 7.8333 |7.5000)0.017 0.011 |7.520 | 8.1609 
47 | 7.8333/6.7839| 8.0000|0.037 0.018 | 8.3707 | 54.0 |0.013 |7.6682)7.6668|7.6645| 7.5681 | 8.0000 |7.6667|0.017 0.011 |7.687 | 8.3231 
48 | 8.0000/6.9282) 8.1667|0.037 |0.018 | 8.5373 | 54.0 |0.013 |7 -8348)7 8334 7.8310) 7.7391 | 8.1667 |7.8333/0.017 0.011 |7.853 | 8.4944 
49 | 8.1667/7.0725| 8.3333/0.037 |0.018 | 8.7040 | 54.0 /0.013 |8.0015/8.0001|7.9977| 7.9017 | 8.3333 |8.0000|0.017 0.011 ‘8.020 | 8.6569 
50 | 8.3333/7.2169| 8.5000/0.037 |0.018 | 8.8707 | 54.0 |0.013 |8.1682/8.1668/8.1644| 8.0726 | 8.5000 |8.1667/0.017 0.011 |8.187 | 8.8279 


4, phe fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
For dedendum, see Section 6. Dedendum of external spline is the same as the addendum. 

5 For space width and tooth thickness, see Tables 10a and 10b. 
L = 0,0001 X diameter(Col 39). 

© J = 0.0002 X diameter (Col 39). 

f If tighter fits are desired, use Col 29 or 30, Table 10b. 
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INVOLUTE SPLINES 


TABLE 22—8/16 Diametral Pitch, Minor-Diameter Fits* 


8/16 Diametral Pitch 
Pressure Angle, 30° 


Addendum? (Basic), 0.0625 
Meas-Pin Diam (Int), 0.1800 


MINOR-DIAMETER FITS® 


Circular Pitch, 0.3927 
Meas-Pin Diam (Ext), 0.2400 


Internal and External Internal External 
Pitch | Base- TIF me pee Majer oer eg Minor diameter Meats: Masor Minor ine ips TIF | Measure- 
N diam, | circle | diam diam between diam diam diam | Ment over 
et Rad | Ht Ang | Ht | C1X | Cly | clz | pins Basie | Rad |) He ae 
1 a 3 10 7 8 9-A 34 35 36 37 38 14 24 39 22 23 40 28 
+0.0019 |-+-0.0006 |+-0.0000 0.0000 a 
Beene et Min | App | Max | *9-0U5 | Deg | Min El Aol om] Mex aor. “eos App | Max | Max | Minf 
6 | 0.7500/0.6495) 0.8750)0.018 |0.007 | 0.9040 | 53.5 |0.025 |0.6265/0.6251|0.6242) 0.5549 | 0.8750 0.6250/0.021 |0.021 |0.666 | 1.1036 
7 | 0.8750|0.7578) 1.0000)0.020 |0.008 | 1.0290 | 53.5 |0.022 |0.7515/0.7501|0.7491) 0.6586 | 1.0000 \0.7500/0.019 |0.019 |0.787 | 1.2055 
8 | 1.0000)0.8660| 1.1250)0.021 |0.008 | 1.1540 | 53.5 |0.020 |0.8765/0.8751|0.8741) 0.8051 | 1.1250 |0.8750/0.018 |0.017 |0.908 | 1.3569 
9 | 1.1250|0.9743) 1.2500)0.022 [0.009 | 1.2790 | 53.5 |0.019 |1.0015/1.0001/0.9991) 0.9133 | 1.2500 |1.0000|0.016 |0.016 |1.031 | 1.4643 
10 | 1.2500/1.0825) 1.3750/0.023 |0.009 | 1.4040 | 53.5 |0.018 |1.1265/1.1251)1.1241) 1.0553 | 1.3750 |1.1250)0.015 |0.015 {1.154 | 1.6091 
11 | 1.3750)1.1908| 1.5000/0.024 |0.010 | 1.5290 | 53.5 |0.017 |1.2515]1.2501|1.2490) 1.1664-+ 1.5000 |1.2500/0.015 |0.014 |1.277 | 1.7198 
12 | 1.5000)1.2990) 1.6250)0.024 |0.010 | 1.6540 | 53.5 |0.016 |1.3765)1.3751|1.3740} 1.3053 | 1.6250 |1.3750/0.014 |0.013 |1.400 | 1.8609 
13 | 1.6250/1.4073) 1.7500/0.024 (0.010 | 1.7790 | 58.5 |0.016 |1.5015/1.5001)1.4990} 1.4185 | 1.7500 |1.5000|0.014 [0.013 |1.525 | 1.9739 
14 | 1.7500/1.5156) 1.8750/0.025 0.011 | 1.9040 | 53.5 |0.015 |1.6265/1.6251/1.6240) 1.5553 | 1.8750 |1.6250/0.013 0.012 |1.648 | 2.1123 
15 | 1.8750/1.6238) 2.0000/0.025 (0.011 | 2.0290 | 53.5 \0.014 |1.7515/1.7501]1.7489) 1.6701 | 2.0000 |1.7500/0.013 |0.012 |1.773 | 2.2269 
16 | 2.0000/1.7321) 2.1250|0.025 |0.011 | 2.1540 | 53.5 |0.014 |1.8765/1.8751]1.8739) 1.8053 | 2.1250 |1.8750/0.013 |0.011 |1.896 | 2.3633 
17 | 2.1250)1.8403) 2.2500/0.026 |0.011 | 2.2790 | 53.5 |0.014 /2.0015|2.0001}1.9989) 1.9213 | 2.2500 |2.0000/0.013 {0.011 |2.021 | 2.4792 
18 | 2.2500/1.9486) 2.3750/0.026 |0.012 | 2.4040 | 53.5 |0.013 |2.1265/2.1251/2.1239) 2.0553 | 2.3750 |2.1250/0.013 |0.011 |2.146 | 2.6142 
19 | 2.3750/2.0568| 2.5000/0.026 |0.012 | 2.5290 | 53.5 |0.013 |2.2515/2.2501/2.2488] 2.1723 | 2.5000 |2.2500/0.013 |0.011 |2.271 | 2.7311 
20 | 2.5000/2.1651| 2.6250/0.026 |0.012 | 2.6540 | 53.5 |0.013 |2.3765/2.3751|2.3738] 2.3053 | 2.6250 |2.3750/0.013 |0.011 |2.396 | 2.8650 
21 | 2.6250/2.2733) 2.7500/0.026 |0.012 | 2.7790 | 53.5 0.013 |2.5015/2.5001|2.4988] 2.4233 | 2.7500 |2.5000/0.013 |0.010 |2.519 | 2.9827 
22 | 2.7500/2.3816|} 2.8750|0.026 |0.012 | 2.9040 | 53.5 |0.012 |2.6265/2.6251|2.6238) 2.5556 | 2.8750 |2.6250/0.013 |0.010 |2.644 | 3.1156 
23 | 2.8750|2.4898) 3.0000)0.026 |0.012 | 3.0290 | 53.5 |0.012 |2.7515/2.7501/2.7487| 2.6739 | 3.0000 |2.7500)0.013 |0.010 |2.769 | 3.2339 
24 | 3.0000/2.5981) 3.1250|0.027 |0.012 | 3.1540 | 53.5 0.012 |2.8765/2.8751|/2.8737| 2.8056 | 3.1250 2.8750|/0.013 |0.010 |2.894 | 3.3662 
25 | 3.1250/2.7063) 3.2500/0.027 |0.012 | 3.2790 | 53.5 |0.012 |3.0015/3.0001|2.9987| 2.9244 | 3.2500 |3.0000/0.013 |0.010 |3.019 | 3.4850 
26 | 3.2500/2.8146, 3.3750|0.027 |0.012 | 3.4040 | 53.5 j0.012 |3.1265/3.1251/3.1237| 3.0555 | 3.3750 '3.1250/0.013 |0.010 |3.144 | 3.6166 
27 =| 3.3750/2.9228' 3.5000/0.027 0.013 | 3.5290 | 53.5 |0.011 !3.2515/3.2501/3.2486 3.1748 | 3.5000 3.2500/0.013 |0.010 |3.269 | 3.7359 
28 | 3.5000/3.0311| 3.6250/0.027 [0.013 | 3.6540 | 53.5 (0.011 3.3765|/3.3751/3.3736| 3.3055 | 3.6250 3.3750,0.013 |0.010 |3.394 | 3.8669 
29 | 3.6250/3.1393) 3.7500|0.027 0.018 | 3.7790 | 53.5 0.011 3.5015/3.5001|3.4986) 3.4252 | 3.7500 3.5000,0.013 (0.009 |3.517 | 3.9866 
30 | 3.7500/3.2476) 3.8750)0.027 0.013 | 3.9040 | 53.5 0.011 |3.6265)3.6251|3.6236) 3.5555 | 3.8750 3.6250/0.013 |0.009 3.642 | 4.1173 
31 | 3.8750)3.3559) 4.0000|/0.027 0.013 | 4.0290 | 53.5 0.011 '3.751513.7501 3.7485 3.6756 | 4.0000 |3.7500/0.013 |0.009 |3.767 | 4.2373 
32 | 4.0000/3.4641| 4.1250/0.027 |0.013 | 4.1540 | 53.5 0.011 3.8765|3.8751/3.8735) 3.8055 | 4.1250 '3.8750,0.013 |0.009 3.892 | 4.3676 
33 4.1250/3.5724' 4.2500)0.027 0.013 | 4.2790 | 53.5 0.011 4.0015/4.0001/3.9985 3.9260 | 4.2500 '4_0000|0.013 |0.009 4.017 | 4.4880 
34 | 4.2500|3.6806 4.3750/0.027 0.013 | 4.4040 | 53.5 0.011 4.1265)4.1251/4.1235' 4.0555 | 4.3750 |4.1250|0.013 |0.009 |4.142 | 4.6179 
35 | 4.3750/'3.7889) 4.5000|0.027 0.013 | 4.5290 | 53.5 ee 4.2515)4.2501/4.2484| 4.1764 | 4.5000 |4.2500/0.013 |0.008 |4.265 | 4.7385 
36 | 4.5000)3.8971 4.6250/0.027 0.013 | 4.6540 | 58.5 0.011 4.3765/4.3751/4.3734| 4.3058 | 4.6250 |4.3750)0.013 |0.008 4.390 | 4.8681 
37 | 4.6250/4.0054 4.7500)0.028 (0.013 | 4.7790 | 53.5 0.011 4.5015/4.5001/4.4984! 4.4266 | 4.7500 |4.5000/0.013 |0.008 |4.515 | 4.9890 
38 4.7500/4.1136 4.8750)0.028 0.013 | 4.9040 | 54.0 0.011 4 .6265/4.6251|4. 6234 4.5558 | 4.8750 4.6250/0.013 |0.008 |4.640 | 5.1184 
39 | 4.8750/4.2219 5.0000)0.028 [0.013 | 5.0290 | 54.0 0.010 4.7515|4. 7501/4. 7483] 4.6768 | 5.0000 |4.7500|0.013 |0.008 |4.764 | 5.2395 
40 | 5.0000)4.3301| 5.1250/0.028 |0.013 | 5.1540 | 54.0 0.010 aa ee a 4.8058 | 5.1250 4.8750/0.013 |0.008 |4.889 | 5.3687 
41 | 5.1250/4.4384) 5.2500/0.028 |0.013 | 5.2790 | 54.0 |0.010 '5.0015/5.0001/4.9983] 4.9270 | 5.2500 |5.0000/0.013 |0.008 |5.014 | 5.4899 
42 5.2500/4.5466) 5.3750/0.028 (0.013 | 5.4040 | 54.0 (0.010 '5.1265/5.1251/5.1233) 5.0558 | 5.3750 '5.1250)0.013 0.008 |5.139 | 5.6184 
43 | 5.3750/4.6549) 5.5000/0.028 0.013 | 5.5290 | 54.0 0.010 5.2515)5.2501|5.2482) 5.1772 | 5.5000 |5.2500/0.013 |0.008 |5.264 | 5.7403 
44 | 5.5000/4.7631| 5.6250/0.028 |0.013 | 5.6540 | 54.0 0.010 5.3765|5.3751/5.3732) 5.3058 | 5.6250 5.3750|0.013 |0.008 |5.389 | 5.8690 
45 5.6250/4.8714) 5.7500|0.028 [0.013 | 5.7790 | 54.0 0.010 5.5015/5.5001/5.4982) 5.4274 | 5.7500 |5.5000/0.013 |0.008 |5.514 | 5.9906 
| 
46 | 5.7500|/4.9797| 5.8750/0.028 |0.013 | 5.9040 | 54.0 0.010 5.6265)/5.6251/5.6232) 5.5558 | 5.8750 '5.6250|0.013 |0.008 |5.639 | 6.1191 
47 | 5.8750/5.0879 6.00000.028 0.013 | 6.0290 | 54.0 0.010 5.7515|5.7501/5.7481| 5.6775 | 6.0000 |5.7500\0.013 (0.008 5.764 | 6.2408 
48 | 6.0000/5.1962 6.1250)0.028 |0.013 | 6.1540 | 54.0 0.010 |5.8765)5.8751/5.8731) 5.8058 | 6.1250 |5.8750/0.013 |0.008 |5.889 | 6.3692 
49 6.1250/5.3044 6.2500)0.028 |0.013 | 6.2790 | 54.0 0.010 \6.0015|6.0001/5.9981) 5.9277 | 6.2500 6.0000/0.013 |0.008 |6.014 | 6.4911 
50 6. 2500/5.4127| 6.3750/0.028 0.013 | 6.4040 | 54.0 0.010 (6. 1265)6. 1251/6. 1231 6.0559 | 6.3750 |6.1250/0.013 |0.008 |6.139 | 6.6193 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller onl: 


For dedendum, see Section 6. Dedendum of external spline is the same as the addendum. 
5 For space width and tooth thickness, see Tables lla and 11b. 
L = 0.0001 X diameter (Col 39). 
pes = 0.0002 X diameter (Col 39). 
If tighter fits are desired, use Col 29 or 30, Table 11b. 


y when specifically agreed to in writing. 
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INVOLUTE SPLINES 523° 
TABLE 23—10/20 Diametral Pitch, Minor-Diameter Fits* 
10/20 Diametral Pitch Addendum? (Basic), 0.0500 Circular Pitch, 0.3142: 
Pressure Angle, ‘30° Meas-Pin Diam (Int), 0.1440 Meas-Pin Diam (Ext), 0.1920 
MINOR-DIAMETER FITS ° 
| Internal and External ||"' Internal ue External '¢<*22: 
| Major-diam Minor-di i f i M. . z Minor-di ; 
| 14g ee Base- ne ajorae Major as Minor diameter ment - Major Minor “aie | 2 eetge eee 
tef diam ebyeen diam basic diant pins 
| Rad Ht Ang Ht cx CUy C1Z pins Rad Ht 
1 2 3 10 tf 8 9-A 34 35 36 37 38 14 24 39 22 23 40 28 - 
| R ded ‘ 0.015 ___ |4-0.0019 |+-0.0006 | +-0.0000 ‘ -+0.0000 
Sees Min | App | Max | 75'G999 | Des | Min | + 14 | + 29 |—(0.0009) Max one ~(0.0006] App | Max | Max | Min! 
| 6 | 0.6000/0.5196] 0.7000/0.015 |0.005 | 0.7240 | 53.5 |0.020 |0.5015|0.5001/0.4992) 0.4489 | 0.7000 |0.5000/0.017 [0.017 |0.533 | 0.8820 
i 7 | 0.7000/0.6062| 0.8000/0.016 |0.006 | 0.8240 | 53.5 |0.018 |0.6015/0.6001|0.5992] 0.5269 | 0.8000 |0.6000/0.015 0.015 |0.629 | 0.9636 
| 8 | 0.8000/0.6928] 0.9000/0.017 |0.007 | 0.9240 | 53.5 |0.016 |0.7015)0.7001|0.6992] 0.6441 | 0.9000 |0.7000/0.014 |0.014 |0.727 | 1.0846 
9 | 0.9000/0.7794| 1.0000|0.017 0.007 | 1.0240 | 53.5 |0.015 |0.8015/0.8001/0.7991| 0.7307 | 1.0000 |0.8000/0.0138 |0.013 |0.825 | 1.1706 
10 | 1.0000/0.8660} 1.1000|0.018 |0.008 | 1.1240 | 53-5 |0.014 |0.9015/0.9001/0.8991} 0.8443 | 1.1000 |0.9000/0.012 |0.012 |0.923 | 1.2863 
11 1.1000/0.9526) 1.2000/0.019 |0.008 | 1.2240 | 53.5 |0.014 /1.0015/1.0001/0.9991| 0.9832 | 1.2000 |1.0000/0.012 [0.011 |1.020'| 1.3749 
12 1.2000|1.0392| 1.3000/0.019 |0.008 | 1.3240 | 53.5 |0.013 |1.1015/1.1001/1.0991} 1.0442 | 1.3000 |1.1000/0.011 {0.011 j1.121 | 1.4878 
13 1.3000]1.1258) 1.4000/0.020 |0.008 | 1.4240 | 53.5 |0.012 |1.2015/1.2001/1.1991} 1.1349 | 1.4000 |1.2000)0.011 [0.010 [1.219 | 1.5782 
14 1.4000)1.2124) 1.5000/0.020 |0.009 |} 1.5240 | 53.5 |0.012 |1.3015/1.3001]1.2990} 1.2443 | 1.5000 |1.3000/0.010 {0.010 |1.319 | 1.6888 
15 1.5000/1.2990] 1.6000/0.020 |0.009 | 1.6240 | 53.5 10.012 |1.4015/1.4001/1.3990) 1.3362 | 1.6000 /1.4000)0.010 |0.010 {1.419 | 1.7805 
| 
| 16 1.6000}1.3856, 1.7000|0.020 |0.009 | 1.7240 | 53.5 |0.011 /1.5015/1.5001/1.4990) 1.4443 | 1.7000 |1.5000}0.010 (0.009 |1.517 | 1.8897 
| 17 1.70001 .4722) 1.8000|0.020 |0.009 | 1.8240 | 53.5 |0.011 |1.6015/1.6001/1.5990| 1.5371 | 1.8000 |1.6000|0.010 0.009 [1.617 | 1.9824 
18 1.8000]1.5588' 1.9000/0.021.|0.009 | 1.9240 | 53.5 j0.011 |1.7015)1.7001/1.6990) 1.6444 | 1.9000 |1.7000\0.010 0.009 |1.717 | 2.0904 
19 1.9000]1.6454) 2.0000/0.021 |0.009 | 2.0240 | 53.5 |0.010 |1.8015/1.8001/1.7989} 1.7379 | 2.0000 |1.8000]0.010 0.009 |1.817 | 2.1839 
20 2.0000]1.7321| 2.1000/0.021 |0.010 | 2.1240 | 53.5 0.010 |1.9015)1.9001/1.8989| 1.8443 | 2.1000 |1.9000/0.010 eae 1.917 | 2.2910 
21 2.1000|1.8187| 2.2000/0.021 |0.010 | 2.2240 | 53.5 |0.010 |2.0015/2.0001}1.9989) 1.9387 | 2.2000 2.0000/0.010 0.008 |2.015 | 2.3851 
\ 22 | 2.2000)1.9053) 2.3000,0.021 |0.010 | 2.3240 | 53.5 /0.010 |2.1015/2.1001/2.0989, 2.0445 | 2.3000 '2.1000,0.010 0.008 |2.115 | 2.4915 
23 | 2.3000/1.9919) 2.4000,0.021 |0.010 | 2.4240 | 53.5 |0.010 |2.2015)2.2001/2.1989) 2.13892 | 2.4000 2.2000)0.010 0.008 |2.215 | 2.5862 
24 | 2.4000/2.0785, 2.5000,0.021 |0.010 | 2.5240 | 53.5 |0.010 |2.3015/2.3001|2.2988) 2.2445 ) 2.5000 ,2.3000/0.010 0.008 2.315 | 2.6919 
25 | 2.5000/2.1651| 2.6000/0.021 |0.010 | 2.6240 | 53.5 |0.009 2.4015/2.4001/2.3988] 2.3396 | 2.6000 2.4000,0.010 0.008 |2.415 | 2.7870 
26 | 2.6000/2.2517} 2.7000,0.021 |0.010 | 2.7240 | 53.5 |0.009 2.5015/2.5001|2.4988) 2.4445 | 2.7000 ,2.5000)0.010 0.008 |2.515 | 2.8923 
27 | 2.7000|2.3383| 2.8000|0.021 |0.010 | 2.8240 | 53.5 |0.009 2.6015|2.6001|2.5988, 2.5400 | 2.8000 2.6000/0.010 0.008 |2.615 | 2.9878 
28 | 2.8000)/2.4249} 2.9000/0.022 |0.010 | 2.9240 | 53.5 |0.009 2.7015|2.7001/2.6988) 2.6445 | 2.9000 |2.7000/0.010 0.008 |2.715 | 3.0925 
29 | 2.9000/2.5115) 3.0000|0.022 |0.010 | 3.0240 | 53.5 0.009 2.8015|/2.8001|/2.7987) 2.7403 | 3.0000 |2.8000)0.010 0.008 |2.815 | 3.1883 
30 | 3.0000/2.5981) 3.1000|0.022 |0.010 | 3.1240 | 53.5 |0.009 |2.9015}2.9001|2.8987) 2.8445 | 3.1000 |2.9000/0.010 ieee 2.913 | 3.2928 
7 31 3.1000|2.6847| 3.2000/0.022 |0.010 | 3.2240 | 53.5 |0.009 |3.0015/3.0001)2.9987| 2.9406 | 3.2000 3.0000/0.010 0.007 3.013 | 3.3889 
32 | 3.2000/2.7713] 3.3000/0.022 |0.010 | 3.3240 | 53.5 |0.009 3.1015|/3.1001/3.0987| 3.0446 | 3.3000 3.1000/0.010 (0.007 |3.113 | 3.4930 
33 3.3000/2.8579| 3.4000/0.022 10.010 | 3.4240 | 53.5 |0.009 |3.2015/3.2001/3.1987| 3.1409 | 3.4000 '3.2000/0.010 \0.007 3.213 | 3.5893 
34 | 3.4000/2.9445) 3.5000/0.022 |0.010 | 3.5240 | 53.5 |0.009 |3.3015)3.3001/3.2986) 3.2446 | 3.5000 3.3000/0.010 0.007 3.313 | 3.6933 
i 35 3.5000/3.0311| 3.6000/0.022 |0.010 | 3.6240 | 53.5 |0.009 |3.4015|3.4001/3.3986 3.3412 | 3.€000 3.4000)0.010 ee 3.413 | 3.7898 
| 36 | 3.6000/3.1177) 3.7000/0.022 |0.010 | 3.7240 | 53.5 |0.009 3.5015/3.5001/3.4986 3.4447 | 3.7000 |3.5000/0.010 0.007 {3.513 | 3.8935 
| 37 | 3.7000/3. 2043] 3.8000/0.022 |0.010 | 3.8240 | 53.5 10.009 3.6015/3.6001/3.5986, 3.5413 | 3.8000 3.6000)0.010 0.007 3.613 | 3.9902 
| 38 | 3.8000/3.2909| 3.9000/0.022 |0.011 | 3.9240 | 54.0 .|0.008 \3.7015|/3.7001/3.6986| 3.6447 | 3.9000 3,7000/0.010 0.007 3.713 | 4.0937 
1 39 | 3.9000|3.3775, 4.0000|0.022 0.011 | 4.0240 | 54.0 |0.008 3.8015)3.8001/3.7985 3.7415 | 4.0000 3.8000/0.010 0.007 |3.813 | 4.1906 
| 40 | 4.0000/3.4641) 4.1000/0.022 |0.011 | 4.1240 | 54.0 |0.008 3.9015/3.9001/3.8985| 3.8447 | 4.1000 3.9000)0.010 0.007 |3.913 | 4.2938 
| : | 
| - 4l 4.1000/3.5507| 4.2000|0.022 |0-011 | 4.2240 | 54.0 0.008 |4.0015/4.0001|3.9985) 3.9416 | 4.2000 4.0000/0.010 0.007 4.013 | 4.3908 
| 42 | 4.2000/3.6373 4.3000/0.022 |0.011 | 4.3240 | 54.0 |0.008 |4.1015)4.1001/4.0985| 4.0447 | 4.3000 4.1000/0.010 0.007 |4.113 | 4.4940 
43 | 4.3000/3.7239' 4.4000/0.022 [0.011 | 4.4240 | 54.0 |0.008 '4.2015/4.2001/4.1985) 4.1418 | 4.4000 4.20000.010 0.007 |4.213 | 4.5911 
44 | 4.4000/3.8105) 4.5000/0.022 |0.011 | 4.5240 | 54.0 |0.008 |4.3015/4.3001/4.2984| 4.2447 | 4.5000 4.3000,0.010 0.007 |4.313 | 4.6941 
| 45 4.5000/3.8971| 4.6000/0.022 |0.011 | 4.6240 | 54.0 |0.008 '4.4015)/4.4001/4.3984| 4.3420 | 4.6000 ges Rake 0.007 |4.413 | 4.7914 
46 | 4.6000/3.9837| 4.7000/0.022 |0.011 | 4.7240 | 54.0 |0.008 4.5015)4.5001/4.4984, 4.4447 | 4.7000 '4.5000|0.010 |0.007 |4.512 | 4.8943 
47 | 4.7000|4.0703 4.8000/0.022 |0.011 | 4.8240 | 54.0 0.008 4.6015/4.6001/4.5984 4.5420 | 4.8000 \4.6000)0.010 0.007 |4.612 | 4.9915 
48 4.8000)/4.1569; 4.9000/0.022 |0.011 | 4.9240 | 54.0 |0.008 4.7015)4.7001 4.6984) 4.6447 | 4.9000 4.7000)0.010 0.007 4.712 | 5.0942 
49 | 4.9000/4.2435' 5.0000/0.022 |0.011 | 5.0240 | 54.0 0.008 4.8015|)4.8001/4.7983, 4.7424 | 5.0000 \4.8000)0.010 0.007 |4.812 | 5.1917 
; 50 5.0000/4.3301| 5.1000/0.022 |0.011 | 5.1240 | 54.0 |0.008 |4.9015/4.9001/4.8983) 4.8449 | 5.1000 \4.9000/0 010 0.007 |4.912 | 5.2944 


f The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
§ For dedendum, see Section 6. Dedendum of external spline is the same as the addendum. 
| ‘ ror space width and tooth thickness, see Tables 12a and 12b. 
L = 0.0001 X diameter (Col 39). 
© J = 0.0002 X diameter (Col 39). 


f If tighter fits are desired, use Col 29 or 30, Table 12b. 


524 INVOLUTE SPLINES 


TABLE 24—12/24 Diametral Pitch, Minor-Diameter Fits* 


12/24 Diametrai Pitch Addendum? (Basic), 0.0417 
Pressure Angle, 30° Meas-Pin Diam (Int), 0.1200 


Circular Pitch, 0.2618 
Meas-Pin Diam (Ext), 0.1600 


MINOR-DIAMETER FITS® 


Internal and External Internal External 
y | Bitch | Base | ore | MABE | seajoe | Mehamier” | Minordiameter | Metre | 5. | minor | “MSiice™™ | yp | Measure 
iy lea EOS fear i ee dia between | diam a EE 

ne | = Rad | Ht Ang | He | Ax | cly | ciz | pins arya? fl ey pam 
teh 2 2 10 7 8 9-A 34 35 36 37 38 14 24 39 22 23 40 28 

+0.0019 |-+-0.0006 |+-0.0000 +0.0000 
Reconencnded Min App | Max pate Deg | Min e; — ae iat Max payee eo App | Max | Max Min! 
; 
6} 0.500010. 4330, 0.5833)0.012 ‘0.004 0.6040 | 53.5 |0.017 |0.4182)/0.4168)0.4159) 0.3707 | 0.5833 |0.4167/0.014 |0.014 |0.444 | 0.7342 
7 | 0.5833,0.5052, 0.66670.013 0.005 | 0.6873 | 53.5 |0.015 0.5015|0.5001 0.4992 0.4399 | 0.6667 |0.5000'0.013 0.013 \0.525 | 0.8022 
8 | 0.6667,0.5774| 0.7500\0.014 |0.006 | 0.7707 | 53.5 \0.014 \0.5848)0.5834|0.5825| 0.5375 | 0.7500 |0.5833)0.012 |0.011 |0.605 0.9031 
9 | 0.75000.6495) 0.83330.015 0.006 | 0.8540 | 53.5 (0.013 |0.6682/0.6668/0.6659| 0.6097 | 0.8333 0.6667/0.011 |0.011 |0.688 | 0.9747 
10 | 0.8333 0.7217) 0.9167,0.015 |0.006 | 0.9373 | 53.5 0 012 0.7515|0.7501/0.7491) 0.7043 | 0.9167 |0.7500/0.010 |0.010 0.769 | 1.0711 
| : | } { | me 
11 | 0.9167'0.7939) 1.0000}0.016 0.007 | 1.0207 | 53.5 0.011 0.8348/0.8334/0.8324) 0.7767 | 1.0000 ise 0.009 0.851 | 1.1449 
12 1.0000,0.8660) 1.0833'0.016 0.007 | 1.1040 | 53.5 |0.011 |0.9182/0.9168,0.9158}-0.8709 | 1.0833 |0.9167\0.009 |0.009 0.934 | 1.2389 
13 1.0833/0.9382 1.1667|0.016 0.007 1.1873 | 53.5 |0.010 1.0015 /1.0001 0.9991) 0.9465 | 1.1667 |1.0000,0.009 |0.009 {1.017 | 1.3148 
14 | 1.1667/1.0104) 1.2500/0.017 |0.007 | 1.2707 53.5 |0.010 |1.0848/1.0834/1.0824) 1.0377 | 1.2500 |1.0833/0.009 |0.008 |1.099 | 1.4065 
15 | 1.2500)1.0825) 1.3333/0.017 |0.007 | 1.3540 53.5 |0.010 |1.1682)1.16681.1658) 1.1142 | 1.3383 |1.1667|/0.009 |0.008 {1.182 | 1.4829 
| | j : 

16 1.33331. 1547 1.416710.017 0.008 | 1.4373 | 53.5 0.009 1.2515)/1.2501/1.2430) 1.2044 | 1.4167 |1.2500)0.008 |0.008 |1.265 | 1.5738 
17 1.4167)1.2269 1.5000)0.017 (0.008 1.5207 | 53.5 0.009 |1.3348/1.3334/1.3323) 1.2816 | 1.5000 |1.3333)/0.008 |0.008 [1.348 | 1.6511 
18 1.5000)1.2990} 1.5833/0.017 |0.008 | 1.6040 | 53.5 |0.009 |1.4182|1.4168|1.4157) 1.3710 | 1.5833 |1.4167/0.008 |0.007 |1.430 | 1.7411 
19 | 1.5833/1.3712) 1.6667/0.017 (0.008 1.6873 | 53.5 |0.009 |1.5015/1.5001/1.4990) 1.4489 | 1.6667 |1.5000)0.008 |0.007 |1.513 | 1.8191 
20 1.6667|1.4434) 1.7500'0.017 |0.008 ) 1.7707 | 53.5 |0.009 |1.5848)1.5834}1.5823| 1.5376 | 1.7 1.5833/0.008 |0.007 |1.596 | 1.9082 
21 1.7500)1.5155) 1.8333/0.018 |0.008 | 1.8540 | 53.5 |0.008 |1.6682)1.6663)1.6657| 1.6164 | 1.8333 1.6667|0.008 |0.007 |1.680 | 1.9867 
22 | 1.8333|1.5877 1.91670.018 10.008 | 1.9373 | 53.5 |0.008 |1.7515)1.7501)1.7489) 1.7045 | 1.9167 1.750010 .008 0.007 |1.763 | 2.0754 
23 | 1.9167/1.6599) 2.0000|0.018 |0.008 | 2.0207 | 53.5 |0.008 1 8348/1 8334/1 8322) 1.7834 | 2.0000 |1.8333'0.008 |0.007 |1.846 | 2.1542 
24 | 2.0000/1.7321| 2.0833/0.018 \0.008 | 2.1040 | 53.5 |0.008 j1.9182)1.9168}1 9156) 1.8712 | 2.0833 |1.9167/0.008 |0.007 |1.930 | 2.2423 
25 2.0833)1 8042 2.1667\0.018 |0.008 | 2.1873 | 53.5 |0.008 |2.0015)2.0001/1.9989) 1.9504 | 2.1667 |2.0000/0.008 |0.007 |2.013 | 2.3216 
26 | 2.1667 1.8764| 2.2500}0.018 |0.008 | 2.2707 | 53.5 0.008 2.0848/2 .0834/2.0822) 2.0379 | 2.2500 |2.0833/0.008 0.007 |2.096 | 2.4093 
27 | 2.2500)1.9486; 2.3333/0.018 |0.008 | 2.3540 | 53.5 (0.008 (2. 1682/2. 1668|2. 1656 2.1174 | 2.3333 |2.1667|0.008 |0.006 |/2.178 | 2.4889 
28 | 2.3333/2.0207| 2.4167/0.018 |0.008 2.4373 | 53.5 |0.008 |2.2515)2.2501\2.2488) 2.2045 | 2.4167 |2.2500)0.008 |0.006 |2.261 | 2.5761 
29 | 2.4167/2.0929| 2.5000/0.018 |0.008 | 2.5207 | 53.5 |0.008 |2.3348/2.3334/2.3321) 2.2838 | 2.5000 |2.3333/0.008 |0.006 /2.344 | 2.6559 
30 | 2.5000)2.1651) 2.5833)0.018 \0.009 ) 2.6040 | 53.5 |0.007 2.4182)2.4168)2.4155 2.3712 | 2.5833 |2.4167/0.008 |0.006 |2.428 | 2.7431 

: ; | : | | | 
31 | 2.5833 2.2372, 2.6667,0.018 0.009 | 2.6873 | 53.5 |0.007 |2.5015}2.5001/2.4988) 2.4512 | 2.6667 |2.5000/0.008 |0.006 |2.511 | 2.8231 
32 | 2.6667/2.3094| 2.7500}0.018 |0.009 | 2.7707 | 53.5 10.007 |2.5848/2.5834/2.5821) 2.5379 | 2.7500 |2.5833/0.008 |0.006 |2.594 | 2.9099 
33 2.7500)2.3816) 2.8333,0.018 0.009 | 2.8540 | 53.5 |0.007 |2.6682)2.6668/2.6655| 2.6182 | 2.8333 |2.6667\0.008 |0.006 |2.678 | 2.9901 
34 | 2.8333/2.4537, 2.9167/0.018 0.009 | 2.9373 | 53.5 0.007 |2.7515|2.7501/2.7487| 2.7046 | 2.9167 |2.7500)0.008 |0.006 |2.761 | 3.0767 
35 2.9167|2.5259) 3.0000/0.018 10.009 | 3.0207 | 53.5 |0.007 |2.8348/2.8334)2.8320) 2.7851 | 3.0000 |2.8333/0.008 |0.006 |2.844 | 3.1571 

/ | 

36 ) 3.0000/2.5981) 3.0833/0.018 |0.009 | 3.1040 | 53.5 [0.007 |2.9182)2.9168)2.9154) 2.8713 | 3.0833 |2.9176|0.008 |0.006 |2.928 | 3.2436 
37 | 3.0833'2.6702| 3.1667/0.018 (0.009 | 3.1873 | 53.5 0.007 |3.0015)3.0001/2.9987| 2.9519 | 3.1667 |3.0000/0.008 |0.006 3.011 | 3.3242 
38 | 3.1667/2.7424) 3.2500\0.018 |0.009 | 3.2707 | 54.0 \0.007 |3.0848/3.0834)3 0820) 3.0380 | 3.2500 |3.0833/0.008 |0.006 |3.094 | 3.4104 
39 | 3.25002.8146 3.3333,0.018 |0.009 | 3.3540 | 54.0 |0.007 |3.1682/3.1668/3.1654/ 3.1187 | 3.3333 |3.1667/0.008 |0.006 |3.178 | 3.4911 
40 leaiedl win 3.4167/0.018 0.009 | 3.4373 | 54.0 0.007 |3.2515)3.2501/3. 2486) 3.2047 | 3.4167 |3.2500/0.008 |0.006 |3.261 3.5772 
41 | 3.4167/2.9589| 3.50000.018 |0.009 3.5207 | 54.0 (0.007 |3.3348/3.3334/3.3319| 3.2855 | 3.5000 |3.3333/0.008 |0.006 |3.344 | 3.6580 
42 | 3-5000)3.0311 3.5833/0.019 |0.009 | 3.6040 | 54.0 |0.007 |3.4182/3.4168/3.4153] 3.3713 | 3.5833 |3.4167|0.008.|0.006 |3.427 | 3.7440 
43 | 3.5833/3.1033) 3.6667.0.019 [0.009 | 3.6873 | 54.0 |0.007 |3.5015/3.5001/3.4986) 3.4523 | 3.6667 |3.5000/0.008 |0.006 (3.511 | 3.8249 
44 | 3. 6667/3. 1754) 3.7500}0.019 |0.009 | 3.7707 | 54.0 |0.007 |3.5848/3.5834/3.5819) 3.5380 | 3.7500 |3.5833/0.008 |0.006 |3.594 | 3.9108 
45 ) 3.7500,3.2476) 3.8333.0.019 0.009 | 3.8540 | 54.0 |0.007 3. 6682/3 . 6668/3 .6653 3.6190 | 3.8333 |3.6667/0.008 |0.006 |3.677 | 3.9918 
46 | 3 .8333)3.3198 3.9167\0.019 0.009 | 3.9373 | 54.0 |0.007 |3.7515/3.7501/3.7485| 3.7047 | 3.9167 |3.7500)0.008 |0.006 |3.761 | 4.0776 © 
47 | 3.9167/3.3919) 4.0000/0.019 |0.009 | 4.0207 | 54.0.|0.007 |3.8348|3.8334/3.8318| 3.7858 | 4.0000 |3.8333|0.008 |0.006 |3.844 | 4.1585 
48 | 4.0000/3.4641) 4.0833/0.019 |0.009 | 4.1040 | 54.0 |0.007 |3.9182/3.9168|3.9152) 3.8714 | 4.0833 |3.9176)0.008 |0.006 |3.927 | 4.2441 
49 | 4.0833 3.5363) 4.1667|/0.019 |0.009 | 4.1873 | 54.0 \0.007 |4.0015)4.0001/3.9985) 3.9528 | 4.1667 |4.0000/0.008 |0.006 |4.011 | 4.3254 
50 4.1667|3 6084) 4.2500|0.019 0.009 | 4.2707 | 54.0 |0.007 |4.0848/4.0834/4.0818| 4.0382 | 4.2500 |4.0833/0.008 |0.005 |4.092 | 4.4109 


2 The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 


= For dedendum, see Section 6. Dedendum of external spline is the same as the addendum. 
a For space width and tooth thickness, see Tables 13a and 13b. 
re = 0.0001 X diameter (Col 39). 
ps = 0.0002 X diameter (Col 39). 
If tighter fits are desired, use Col 29 or 30, Table 13b. 
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INVOLUTE SPLINES 525 
TABLE 25—16/32 Diametral Pitch, Minor-Diameter Fits* 
16/32 Diametral Pitch Addendum? (Basic), 0.0313 Circular Pitch, 0.1963 
Pressure Angle, 30° Meas-Pin Diam (Int), 0.0900 Meas-Pin Diam (Ext), 0.1200 
MINOR-DIAMETER FITS° 

Internal and External Internal External 7 
Pitch | Base- | 7p | stiet®™ Major coLean Minor diameter Meent’ | Major | Minor minciet | pre | Measure- 

N diam, | circle | giam diam between diam diam, diame |paeanewer 

ref diam Rad Ht Ang Ht cx ClY C1Z pins basic Rad Ht pins 
1 2 3 10 ra 8 9-A 34 35 36 37 38 14 24 39 22 23 40 28 
, +-0.0019 |+0.0006 |+0.0000 +0.0000 
Reggmmmntst | ain | rp | aos | $803 | Der | an [REEL OO) ate | 1808 FERRY soe | tar | tar | 

6 0.3750/0.3248] 0.437510.009 |0.003 | 0.4540 | 53.5 10.013 |0.3140/0.3126|0.3117| 0.2792 | 0.4375 |0.3125)0.011 |0.011 |0.334 | 0.5495 
Me 0.437510.3789] 0.5000/0.010 |0.004 | 0.5165 | 53.5 [0.011 |0.3765)0.3751|0.3742] 0.3310 | 0.5000 |0.3750/0.009 |0.009 |0.392 | 0.6005 
8 0.5000/0.4330| 0.5625/0.011 |0.004 | 0.5790 | 53.5 |0.010 |0.4390)0.4876/0.4367] 0.4043 | 0.5625 |0.4375/0.009 |0.009 |0.455 | 0.6761 
9 0.5625/0.4871| 0.6250/0.011 |0.004 | 0.6415 | 53.5 |0.010 |0.5015/0.5001/0.4992) 0.4584 | 0.6250 !0.5000)0.008 |0.008 |0.515 | 0.7298 
10 0.625010.5413] 0.6875/0.012 |0.005 | 0.7040 | 53.5 |0.009 |0.5640/0.5626/0.5617) 0.5294 | 0.6875 |0.5625)0.008 |0.007 |0.576 | 0.8021 
11 0.6875/0.5954| 0.7500/0.012 |0.005 | 0.7665 | 53.5 10.008 |0.6265/0.6251/0.6242) 0.5849 | 0.7500 |0.6250)0.007 {0.007 |0.638 | 0.8574 
12 0.7500/0.6495| 0.8125|0.012 |0.005 | 0.8290 | 53.5 10.008 |0.6890/0.6876/0.6867| 0.6548 | 0.8125 |0.6875'0.007 |0.007 0.701 | 0.9279 
13 0.8125/0.7036] 0.8750/0.012 |0.005 | 0.8915 | 53.5 0.008 |0.7515|0.7501/0.7491| 0.7110 | 0.8750 |0.7500/0.007 |0.006 j0.761 | 0.9844 
14 0.8750/0.7578| 0.9375/0.012 |0.005 | 0.9540 | 53.5 |0.007 |0.8140/0.8126|0.8116] 0.7794 | 0.9375 |0.8125)0.007 0.006 |0.824 | 1.0535 
15 0.9375/0.8119) 1.0000/0.013 10.006 | 1.0165 | 53.5 |0.007 |0.8765|0.8751/0.8741| 0.8368 | 1.0000 |0.8750|0.006 0.006 {0.886 | 1.1109 
16 1.0000|0.8660) 1.0625/0.013 |0.006 | 1.0790 | 53.5 |0.007 |0.9390|0.9376|0.9366] 0.9045 | 1.0625 |0.9375/0.006 |0.006 |0.949 | 1.1790 
17 1.0625/0.9202) 1.1250/0.013 |0.006 | 1.1415 | 53.5 10.007 |1.0015/1.0001/0.9991| 0.9623 | 1.1250 |1.0000)0.006 |0.006 |1.011 | 1.2870 
18 1.1250/0.9743] 1.1875/0.013 |0.006 | 1.2040 | 53.5 10.007 |1.0640/1.0626]1.0616) 1.0294 | 1.1875 |1.0625/0.006 \0.006 |1.074 | 1.3045 
19 1.1875]1.0284| 1.2500/0.013 {0.006 | 1.2665 | 53.5 |0.007 |1.1265)1.1251/1.1241) 1.0878 | 1.2500 |1.1250/0.006 |0.005 |1.134 | 1.3629 
20 1.2500/1.0825| 1.3125/0.013 |0.006 | 1.3290 | 53.5 0.006 |1.1890)1.1876]1.1866) 1.1543 | 1.3125 |1.1875}0.006 |0.005 |1.197 | 1.4298 
21 1.3125]1.1367| 1.3750/0.013 |0.006 | 1.3915 | 53.5 |0.006 |1. 2515/1. 2501/1. 2490) 1.2134 | 1.3750 |1.2500/0.006 |0.005 1.259 | 1.4886 
22 1.375011.1908| 1.4375/0.013 |0.006 | 1.4540 | 53.5 |0.006 |1.3140/1.3126/1.3115) 1.2795 | 1.4375 |1.3125)0.006 (0.005 {1.322 | 1.5552 
23 1.4375|1.2449| 1.5000/0.013 |0.006 | 1.5165 | 53.5 |0.006 |1.3765/1.3751/1.3740| 1.3387 | 1.5000 |1.3750)0.006 |0.005 |1.384 | 1.6143 
24 1.5000|1.2990| 1.5625/0.013 |0.006 | 1.5790 | 53.5 10.006 |1.4390|1.4376|1.4365| 1.4045 | 1.5625 |1.4375|0.006 |0.005 |1.447 | 1.6804 
25 1.5625/1.3532) 1.6250.0.013 10.006 | 1.6415 | 53.5 10.006 |1.5015/1.5001|1.4990] 1.4640 | 1.6250 |1.5000)0.006 |0.005 |1.509 | 1.7398 
26 1, 6250/1 .4073) 1.6875|0.013 |0.006 | 1.7040 | 53.5 |0.006 |1.5640/1.5626]1.5615| 1.5296 | 1.6875 |1.5625/0.006 |0.005 |1.572 | 1.8056 
27 1.6875|1.4614) 1.7500/0.013 |0.006 | 1.7665 | 53.5 10.006 |1.6265/1.6251|1.6240) 1.5892 | 1.7500 |1.6250/0.006 |0.005 |1.634 | 1.8653 
28 1.7500)1.5155| 1.8125'0.014 {0.006 | 1.8290 | 53.5 10.006 |1.6890/1.6876]1.6865| 1.6546 | 1.8125 |1.6875,0.006 |0.005 {1.697 | 1.9306 
29 1.8125|1.5697| 1.8750|0.014 |0.006 | 1.8915 | 53.5 |0.006 |1.7515]1.7501|1.7489| 1.7144 | 1.8750 |1.7500)0.006 |0.005 {1.759 | 1.9905 
30 1.8750|1.6238| 1.9375/0.014 0.006 | 1.9540 | 53.5 10.006 |1.8140/1.8126]1.8114| 1.7796 | 1.9375 |1.8125)0.006 |0.005 |1.822 | 2.0558 
31 1.9375|1.6779| 2.0000|0.014 |0.006 | 2.0165 | 53.5 |0.006 |1.8765}1.8751|1.8739] 1.8396 | 2.0000 |1.8750)0.006 |0.005 |1.884 | 2.1159 
32 2.0000]1.7321) 2.0625/0.014 [0.006 | 2.0790 | 53.5 |0.006 |1.9390)1.9376]1.9364) 1.9046 | 2.0625 |1.9375/0.006 |0.005 |1.947 | 2.1809 
33 2..0625]1.7862) 2.1250/0.014 |0.006 | 2.1415 | 53.5 |0.005 |2.0015/2.0001/1.9989} 1.9648 | 2.1250 |2.0000|0.006 |0.005 )2.009 | 2.2411 
34 2..1250|1.8403) 2.1875/0.014 |0.006 | 2.2040 | 53.5 0.005 |2.0640)2.0626/2.0614] 2.0296 | 2.1875 |2.0625/0.006 |0.005 j2.072 | 2.3061 
35 2,.1875|1.8944) 2.2500/0.014 10.007 | 2.2665 | 53.5 10.005 |2.1265/2.1251/2.1239} 2.0900 | 2.2500 |2.1250/0.006 |0.004 |2.132 | 2.3664 
36 2.2500|1.9486] 2.3125]0.014 |0.007 | 2.3290 | 53.5 |0.005 |2.1890/2.1876|2.1864) 2.1547 | 2.3125 |2.1875/0.006 |0.004 |2.195 | 2.4312 
37 2.3125/2.0027| 2.3750/0.014 10.007 | 2.3915 | 53.5 10.005 |2.2515/2.2501/2.2488] 2.2151 | 2.3750 |2.2500/0.006 |0.004 |2.257 | 2.4916 
38 2.3750!2.0568) 2.4375/0.014 10.007 | 2.4540 | 54.0 10.005 /2.3140/2.3126/2.3113} 2.2797 | 2.4375 |2.3125/0.006 {0.004 |2.319 | 2.5564 
39 2..4375|2.1109] 2.5000/0.014 |0.007 | 2.5165 | 54.0 |0.005 |2.3765/2.3751/2.3738] 2.3402 | 2.5000 |2.3750\0.006 j0.004 |2.382 | 2.6169 
40 2.5000/2.1651! 2.5625/0.014 |0.007 | 2.5790 | 54.0 |0.005 |2.4390/2.4376|2.4363| 2.4047 | 2.5625 |2.4375/0.006 |0.004 |2.444 | 2.6814 
41 2.5625|2.2192| 2:6250/0.014 |0.007 | 2.6415 | 54.0 )0.005 |2.5015/2.5001/2.4988) 2.4653 | 2.6250 |2.5000)0.006 0.004 |2.507 | 2.7420 
42 2.6250/2.2733| 2.6875|0.014 10.007 | 2.7040 | 54.0 |0.005 |2.5640|2.5626)2.5613) 2.5297 | 2.6875 |2.5625)0.006 0.004 |2.569 | 2.8065 
43 2..6875|2.3274| 2.7500/0.014 |0.007 | 2.7665 | 54.0 10.005 |2.6265/2.6251|2.6238] 2.5904 | 2.7500 |2.6250\0.006 |0.004 |2.632 | 2.8672 
44 2..7500/2.3816| 2.8125}0.014 |0.007 | 2.8290 | 54.0 |0.005 |2.6890/2.6876/2.6863} 2.6547 | 2.8125 |2.6875|0.006 |0.004 |2.694 | 2.9316 
45 2.8125|2.4357) 2.8750/0.014 10.007 | 2.8915 | 54.0 0.005 |2.7515/2. 7501/2. 7487) 2.7154 | 2.8750 |2.7500|0.006 |0.004 |2.757 | 2.9924 
46 2..8750|2.4898) 2.9375|0.014 10.007 | 2.9540 | 54.0 |0.005 |2.8140)2.8126/2.8112) 2.7797 | 2.9375 |2.81250.006 0.004 |2.819 | 3.0567 
47 2..9375|2.5440| 3.0000,0.014 |0.007 | 3.0165 | 54.0 |0.005 |2.8765|2.8751/2.8737) 2.8385 | 3.0000 |2.8750|0.006 |0.004 |2.882 | 3.1178 
48 3.0000/2.5981) 3.0625/0.014 10.007 | 3.0790 | 54.0 |0.005 |2.9390|2.9376|2.9362) 2.9047 | 3.0625 |2.9375/0.006 |0.004 |2.944 | 3.1816 
49 3.0625|2.6522| 3.1250/0.014 |0.007 | 3.1415 | 54.0 |0.005 !3.0015/3.0001/2.9987) 2.9658 | 3.1250 |3.0000)0.006 |0.004 |3.007 | 3.2425 
50 3.1250|2.7063| 3.1875/0.014 [0.007 | 3.2040 | 54.0 |0.005 |3.0640/3.0626/3.0612| 3.0299 | 3.1875 |3.0625|0.006 0.004 |3.069 | 3.3066 


S The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
For dedendum, see Section 6. Dedendum of external spline is the same as the addendum. 

5 For space width and tooth thickness, see Tables 14a and 14b. 
L = 0.0001 X diameter (Col 39). 

© J = 0.0002 X diameter (Col 39). 

{ If tighter fits are desired, use Col 29 or 30, Table 14b. 
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TABLE 26—Machining Tolerances and Formulas for Dimensions in Tables § Through 25 


FORMULA FOR COLUMN DIMENSION 


MACHININ' 'G TOLERANCE 


COLUMN NUMBER |CLASS OF FIT! DIAMETRAL PITCH 
2 _ All pitches D=WN/P = 
3 _ All pitches Dp = D cos 30° _ 
: eneeVeaal + (0.0007 + 0.0001 Do) 
4 = All pitches Do = p | 0.0000 
5 ~ All pitehes | Col 4 — 2 (Col 8) ‘Minimum — 
1/2 thru 4/8 ; : + 0.0050 — 0.0000 
6, 11, 27 — 5/10 thru 8/16 Dee N —1 (For 1/2 thru 20/40, 6 and 7 teeth, Dr = Dy + 0.010) + 0.0035 — 0.0000 
10/20 thru 20/40 | -® ~ Pp (For 24/48 thru 48/96, 6 and 7 teeth, Dp = Dy + 0.25(D — Do) _ + 0.0025 — 0.0000 
24/48 thru 48/96 (Arbitrary correction on 8 tooth for 2.5/5 thru 12/24) + 0.0015 — 0.0000 
7, 8, 19, 20 —_ All pitches Determined by layout for 1/2 diametral pitch. — 
22, 23, 26, 35 i Divide dimension for 1/2 diametral pitch by that used. 
oA _ All pitches | Dp = ober 0.0040 (clearance, ¢ = “+ 0.002) + ( a+ 0.00 ) 
hip : 
: _N+1 : + (0.0007 + 0.0001 Do) 
9B All pitehes | Do = —]— , — (0.0007'+ 0.0001 Do) = 
10 — All pitches TIF = od Minimum 
N+18 + (9 + 0.005 
12 — All pitches 6S PB ; 
ie =— 0 
1/2 Obtain M; from Table 28 or calculate from (Basic M; + 0.0001 F' (0.396 N + 45) 
2.5/5 formula (5) or (6), Fig. 3B. Basic M; + 0.0001 F (0.156 N + 42) | Maximum tolerance is included in for- 
3/6 Monsuromente Basic M; + 0.0001 F (0.132 N + 40) | mulas, see Section 25. 
14 See 4/8 and 5/10 Basic M; + 0.0001 F (0.096 N + 37) 
6/12 and 8/16 Basic M; + 0.0001 F (0.072 N + 30) | For lead allowances see Table 27. 
10/20 thru 48/96 Basic M; + 0.0001 F (0.072 N + 24) 
1/2 Minimum is basic, see Section 6. 0.0001 (0.396 N + 45) + 0.0020 — 0.0000 
2.5/5 0.0001 (0.156 N + 42) For reference only, + 0.0020 — 0.0000 
15 — 3/6 Maximum is basic plus 0.0001 (0.1382 N + 40) included in maxi- + 0.0020 — 0.0000 
4/8 and 5/10 (this includes machining tolerance) | 0.0001 (0.096 N + 37) mum*® + 0.0020 — 0.0000 
" 6/12 and 8/16 0.0001 (0.072 N + 30) + 0.0015 — 0.0000 
10/20 thru 48/96 0.0001 (0.072 N + 24) + 0.0010 — 0.0000 
16 I All pitches Do — 0.0015, or Col 4 — 0.0015 + 0.0000 — (0.0019 + 0.0002D,) 
17 II All pitches Dy — 0.0001, or Col 4 — 0.0001 + 0.0000 — (0.0006 + 0.0002D,) 
18 Ill All pitches Do + 0.0008 + 0.0001D, + (0.0009 + 0.0002D,) — 0.0000 
a1 as Alt pitoheay, tabeces age — 0.0040 aii ny 
— (| — + 0.005 
(jp +08) 
1/2 thru 4/8 -F0.0000 — 0.0100 
24 se 5/10 thru 8/16 Dad N+1 +0.0000 — 0.0070 
10/20 thru 20/40 # P +0.0000 — 0.0050 
24/48 thru 48/96 +0.0000 — 0.0030 
1/2 thru 12/24 | Dr = © = : +0 
25 - nv —2.0 0.1 
16/32 thru 48/96 | Dr = é : - % + 0.005) 
1/2 Obtain M, from Table 29 or calculate from| Basic M. — 0.0001 F (0.360 N + 52) +0.0000 — 0.0020 
2.5/5 formula (2) or (3), Fig. 3A. Basic M, — 0.0001 E (0.120 N + 48)| For reference only, in- +0.0000 — 0.0020 
28 A 3/6 Basic M, — 0.0001 E (0.090 N + 47)! cluded in minimum* +0.0000 — 0.0020 
4/8 and 5/10 Measurement = Basic M, — 0.0001 FE (0.072 N + 48) +0.0000 — 0.0020 
6/12 and 8/16 Basic M. — 0.0001 EF (0.054 N + 36) +0.0000 — 0.0015 
10/20 thru 20/40 Basic M, — 0.0001 FE (0.054 N + 35) +0.0000 — 0.0010 
24/48 thru 48/96 Basic M, — 0.0001 E (0.054 N + 30) | +0.0000 — 0.0010 
1/2 Obtain M, from Table 29 or calculate from{ Basic M, — 0.0001 E (0.360 N + 27) +0.0000 — 0.0015 
2.5/5 formula (2) or (8), Fig. 3A. Basic M, — 0.0001 E (0.120 N + 23)| For reference only, in- +0.0000 — 0.0015 
3/6 Basic M, — 0.0001 E (0.090 N + 22)| cluded in minimum* +0.0000 — 0.0015 
29 B 4/8 and 5/10 Measurement = 4 Basic M, — 0.0001 E (0.072 N + 18) +0.0000 — 0.0015 
6/12 and 8/16 Basic M, — 0.0001 E (0.054 N + 18) +0.0000 — 0.0015 
10/20 thru 20/40 Basic M, — 0.0001 E (0.054 N + 19) +0.0000 — 0.0015 
24/48 thru 48/96 Basic M, — 0.0001 E (0.054 N + 16) +0.0000 — 0.0010 


(Continued on next page.) 
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TABLE 26—Machining Tolerances and Formulas for Dimensions in Tables 6 Through 25 (Concluded) 
COLUMN NUMBER |CLASS OF FIT] DIAMETRAL PITCH FORMULA FOR COLUMN DIMENSION MACHINING TOLERANCE 
1/2 Obtain M, from Table 29 or calculate from| Basic M, — 0.0001 E (0.360 N — 3) +0.0000 — 0.0015 
2.5/5 formula (2) or (3), Fig. 3A. Basic M. — 0.0001 E (0.120 N — 4)| Forreference only, in- +0.0000 — 0.0015 
3/6 Basic M, — 0.0001 E (0.090 N — 5)| cluded in minimum® +0.0000 — 0.0015 
4/8 and 5/10 Measurement = 4 Basic M, — 0.0001 E (0.072 N — 3) +0.0000 — 0.0015 
30 Cc 6/12 and 8/16 Basic M, — 0.0001 EH (0.054 N+ 1) +0.0000 — 0.0015 
10/20 thru 20/40 Basic M. — 0.0001 E (0.054 N) +0.0000 — 0.0015 
24/48 thru 48/96 Basic M, — 0.0001 E (0.054 N — 5) +0.0000 — 0.0010 
1/2 Basic — 0.0005 Basic — 0.0001 (0.360 N + 52) +0.0000 — 0.0020 
2.5/5 Basic — 0.0005 Basic — 0.0001 (0.120 N + 48) For reference only, in- +0.0000 — 0.0020 
3/6 Basic — 0.0005 Basic — 0.0001 (0.090 N + 47) cluded in minimum® +0.0000 — 0.0020 
31 A 4/8 to 5/10 Max, Basic — 0.0005 Min; Basie — 0.0001 (0.072 N + 43) +0.0000 — 0.0020 
6/12 to 8/16 Basic — 0.0005 Basic — 0.0001 (0.054 N + 36) +0.0000 — 0.0015 
10/20 to 20/40 Basic — 0.0005 Basic — 0.0001 (0.054 N + 35) +0.0000 — 0.0015 
24/48 to 48/96 Basic — 0.0005 Basic — 0.0001 (0.054 N + 30) +0.0000 — 0.0010 
1/2 Basic + 0.0015 Basic — 0.0001 (0.360 N + 27) +0.0000 — 0.0015 
2.5/5 Basic + 0.0015 Basic — 0.0001 (0.120 N + 23) +0.0000 — 0.0015 
3/6 Basic + 0.0015 Basic — 0.0001 (0.090 N + 22) For reference only, in- +0.0000 — 0.0015 
32 B 4/8 to 5/10 Max4 Basic + 0.0015 Min Basic — 0.0001 (0.072 N + 18) cluded in minimum®* +0.0000 — 0.0015 
6/12 to 8/16 Basic + 0.0013 Basic — 0.0001 (0.054 N + 18) +0.0000 — 0.0015 
10/20 to 20/40 Basic + 0.0011 Basic — 0.0001 (0.054 N + 19) +0.0000 — 0.0015 
24/48 to 48/96 Basic + 0.0009 Basie — 0.0001 (0.054 N + 16) +0.0000 — 0.0010 
1/2 Basic + 0.0045 Basic — 0.0001 (0.360 N — 3) +0.0000 — 0.0015 
2.5/5 Basic + 0.0042 Basic — 0.0001 (0.120 N — 4) +0.0000 — 0.0015 
3/6 Basic + 0.0042 Basic — 0.0001 (0.090 N — 5) For reference only, in- +0.0000 — 0.0015 
33 Cc 4/8 to 5/10 Max, Basic + 0.0036 Miny Basic — 0.0001 (0.072 N — 3) cluded in minimum® +0.0000 — 0.0015 
6/12 to 8/16 Basic + 0.0030 Basic — 0.0001 (0.054 N + 1) +0.0000 — 0.0015 
10/20 to 20/40 Basic + 0.0030 Basic — 0.0001 (0.054 NV) +0.0000 — 0.0015 
24/48 to 48/96 Basic + 0.0030 Basic — 0.0001 (0.054 N — 5) +0.0000 — 0.0010 
34 x YS All pitches Determined by layout. _— 
A Ne + (0.0019 + 0.0001 Dr) 
36 x All pitches Dr = Spr + 0.0015 — 0.0000 
- Le + (0.0006 + 0.0001 Dr) 
37 a's All pitches Dr = BRS + 0.0001 ~0.0000 
: _N-1 + 0.0000 
38 Z All pitches Dr = ee (0.0007 + 0.0002 Dr) ~ (0.0009 + 0.0001 Dp) 
: eehE si k. +0.0000 
39 xX, Y,Z All pitches Dr = p Same as Col 6, except for NV = 6 and7 — (0.0006 + 0.0002 Dr) 
P N-1 = 
40 XS Y¥, Z All pitches TIF = FT + 2 (Col 23) — 


® These tolerances are included in the formulas given and are shown for reference only. 


25. Pin Measurements 

Internal Splines—Minimum pin measurements are not speci- 
fied because they should not be the basis for rejection as long as 
effective size, controlled by gages, is not below the specified 
minimum. When it is not feasible to check effective sizes, a mini- 
mum pin measurement may be used which is equal to the maxi- 
mum pin measurement minus the machining tolerance (Table 26) 
times factor F. This minimum pin measurement may, however, 
be reduced as allowable errors are reduced. 

For fillet-root type splines, the table dimensions may be used 
for pins as specified, without flattening. For the flat-root type, 
which must be used with classes I, II, III, X, Y, and Z fits, 
round measuring pins may be used, but these will vary in diam- 
eter with number of teeth. Any pin which will contact the in- 


volute form and not touch the major diameter may be used. 
The largest pin which can be used will contact the tooth at its 
tip, as shown in Fig. 6A; and the smallest pin which may be 
used will touch the major diameter at the same time it contacts 
the involute tooth, as shown in Fig. 6B. 

A pin contacting at the pitch point may not be the smallest 
usable size, but it does form a good starting point for deter- 
mining the smallest practical diameter. When a pin contacts at 
the pitch point, 

hell 
oi = 30° — N 
90° 


If ¢; is less than 30° — WV? the contact is inside the pitch 
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circle; and if greater, it is outside. The smallest angle results 
from using the largest pin and is shown in Fig. 6A, in which 
Dy _ Col3 


 eeksiie oa cee Cake 


For any diameter, the minimum angle for ¢; may be found by 
using the formula 


tan ¢; = t a 
an $j = tan $2 — 7. 


From these conditions, Table 32 has been developed. Col 4 
represents the smallest available pin. Clearance, Col 6, is for 
1/2-diametral pitch and will be proportionally smaller for other 
diametral pitches. If the clearance is smaller than the machining 
tolerance (Table 26) times the factor F, a splined part with a 
tooth space width near the high limit would allow the pin to 
contact the major diameter and give a false dimension. To pro- 
vide for such conditions, oversize pins are listed with the clear- 
ance and pin measurement. a 

External Splines—Maximum pin measurements are not speci- 
fied because they should not be the basis for rejection as long as 
effective size, controlled by gages, is not above the specified 
maximum. When it is not feasible to check effective sizes, a 
maximum pin measurement may be used which is equal to the 
minimum pin measurement plus the machining tolerance (Table 
26) times factor H. This maximum pin measurement may, how- 
ever, be increased as allowable errors are reduced. 

26. Three-Pin System—lIf three pins are used for measure- 
ment, as shown in Fig. 7, a shaft must be used whose diameter 
will be Dz sec ¢,-d; for both even and odd numbers of teeth. 
For even numbers of teeth, the table dimensions may be used, 
but for odd numbers of teeth the measurements must be calcu- 
lated by formulas (4) and (5), Fig. 3B. 

27. Production Practice—Instead of pins, gages are usually 
used for quantity production, because such gages are made to 
inspect size, spacing errors (pitch), and parallelism (lead). All 
dimensions in the Standard, however, are calculated from the 
basic dimensions over pins. The usual way to check plug- and 
ring-gage measurements is by the use of pins. 

28. Effective Fits—The definition in Section 20, and Table 2, 
show the end result after all allowable errors have been accu- 


| CLEARANCE 


Fie. 6—Lareest (A) AND SmMAuLuest (B) Pin ror MEAsure- 
MENT OF INTERNAL SPLINES 


mulated. The effective space width of the internal spline is equal 
to the dimensional space width minus a portion of the total of 
all allowable errors, and likewise the effective tooth thickness of 
the external spline is equal to the dimensional thickness plus a 
portion of the total of all allowable errors. Tolerances in the 
tables are for a complete gaging system. For pin measurement 
and instrument checking, calculate as directed in Section 25. 

29. Allowable Errors 

(a)—Accumulated Pitch Error (Spacing) is the greatest differ- 
ence in any two teeth between the actual and theoretical tooth 
spacing on the same circle. Measurements are taken from one 
pitch point selected as reference to the corresponding points 
on all other teeth, and they will be affected by involute error 
and out of roundness. 

(b)—Profile Error is the difference between the highest and 
lowest readings of a dial indicator moving along the true involute 
curve in the plane of rotation and having a finger contacting the 
active tooth profile. = 

(c)—Lead Error is a deviation of the teeth from the dimen- 
sional lead of the spline. Lead error is usually measured by tray- 
ersing a dial indicator along the tooth face normal to the pitch 
line and parallel to the axis of the spline. This error may be dis- 
regarded unless experience shows otherwise. 

(d)—Out of Roundness is the difference between the maxi- 
mum and minimum measurements over or between pins. 

(e)—A pplication of Errors. Experience has shown that not all 
of the possible extremes will occur at one time, so that instead 
of using the total of all errors, 60% has been adopted as a 
fair maximum for computing effective fits. (See Section 21.) 

Allowable errors are shown in Table 27. All figures given in 
this table are in ten thousandths of an inch. 

The allowable errors in Table 27 are based on Class 3 of Gear 
Tolerances and Inspection, ASA B6.6-1946. That standard is 
based on experience with gear-generating machines. When the 
internal spline is broached, smaller allowances may be used for 
mass production with the consent of the broach maker. If less 
accuracy can be permitted, 133% of the errors in the table may 
be used. In all cases, 60% of the total for calculating effective 
fits should be used. 

To obtain total allowable errors, add the out of roundness 


divided by F or E to the profile error and the accumulated pitch — 


Fic. 7—TuHree-Pin System or MEASUREMENT 
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TABLE 27—Allowable Errors® 
ACCUMULATED PITCH ERROR BETWEEN ANY TWO TEETH LEAD ERRORS 
Use as given or interpolate as required Length of spline 
DIAMETRAL PITCE me oe 

Number of teeth 0 0.50 1.25 2.50 4.00 5.25 

to to xo) to to to 

6 8 10 12 14 16 20 25 30 35 40 45 50 0.49 1,24 2.49 3.99 5.24 6.50 

1/2 15 22 | 22 | 22 | 22 | 23 | 24 | 27 | 30 | 33 | 36 | 39 | 42-| 45 0 4 5 6 ii 8 

2.5/5 11 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 21 | 22 | 23 | 24 0 4 5 6 Gi 8 

3/6 10 18 | 18 | 18 | 18 | 18 | 18 | 18 | 18 | 18 | 18 | 19 | 20 | 20 0 4 5 6 t 8 

4/8 and 5/10 8 Hos SON MS) oriole doe los) Lowtetoot toa) 15: Loa 15: 0 4 5 6 7 8 

6/12 and 8/16 6 15)|915 | WS, 15 )-15 | 15) 15 | 15.) 15.) 15,} 15 | 15.) 15 0 8) 3 4 5 6 

10/20 up 5 15} 15) 15 | 15 |15 | 15 | 15 |} 15.) 15 | 15} 15.) 15.) 15 0 3 3 4 5 6 

OUT OF ROUNDNESS 
DIAMETRAL PITCH Internal spline, number of teeth External spline, number of teeth 

6 8 10 12 14 16 20 25 30 35 40 45 50 6 8 10 12 14 16 20 25 30 rah 40 45 +O 
1/2 17 | 19 | 21 | 24 | 23 | 23 | 24 | 24 | 24 | 25 | 25 | 26 | 26 | 16 | 18 | 20.) 23 | 23 | 24 | 24 | 24 | 25 | 25 | 25 | 25 | 25 
2.5/5 ise Ss 4 | 160617 1 180 200 23F) 23 1) 23) 23 4°24 112 18 114) 159) 169) 17 | 18 ).20 |°22) 22 |.22°) 22 | 22 
3/6 12913") 1314 | 145) -15 | 17 | 19 | 20°) 22) | 23°) 24 | 24 | 12 1:12.) 14+) 14.) 15))-15 | 17] 18 | 20°) 21 1 215)°21 | 21 
a/sondeo/ (Onis i2silenielon|) tontau) to | 161) 17 | 18 | 20 || 24 | 22 | 10 | 11 | 11 | 12 |} 13: | 13 | 14] 15) 16 | 18 | 19 | 20 | 21 
6/12 thru 48/96} 9 | 9/10] 10] 10/11 | 11 | 12/13) 14) 15] 16/17} 8 | 9] 10) 10]; 10 | 11 | 12 | 12 | 14] 14} 15 | 16 | 17 


* All table figures are ten thousandths of an inch. 


error; multiply this total by 60%. The result is the total of all 
allowable errors to be used. 

The formulas in Table 26 are based on 60% of the total allow- 
able errors except lead. The machining tolerances are also in- 
cluded in these formulas. If allowance for lead must be included, 
add 60% of the error to the space width, (Col 15, max) for the 
internal, or deduct from the tooth thickness (Col 31, 32, or 33, 
min) for the external spline. 


Pin measurements (Col 14, Tables 5 through 19) must be in- 
creased (when allowance for lead error is added) by adding the 
lead error multiplied by 60% and by F (Table 4). Likewise, pin 
measurements (Col 28, 29, or 30) must be decreased by the 
amount of the allowance for lead error multiplied by 60% and 
by #. 


(Text continued after table 39.) 


530 


INVOLUTE SPLINES 


TABLE 28—Basic Measurements Between Pins® 


* DIAMETRAL PITCH 

1/2 |° 2.5/5 3/6 4/8 5/10 6/12 8/16 10/20 12/24 16/32 20/40 24/48 32/64 40/80 
6 4.3933} 1.7573) 1.4644] 1.0983] 0.8787 | 0.7322 | 0.5492 | 0.4393 | 0.3661 | 0.2746 | 0.2197 | 0.1831 | 0.1373 | 0.1098 
7 5.2232) 2.0892} 1.7410} 1.3058] 1.0446 | 0.8705 | 0.6529 | 0.5223 | 0.4353 |'0.3264 | 0.2612 | 0.2176 | 0.1632 | 0.1306 
8 6.3954) 2.5582} 2.1318} 1.5989] 1.2791 | 1.0659 | 0.7994 | 0.6395 | 0.5329 | 0.3997 | 0.3198 | 0.2665 | 0.1999 | 0.1599 
9 7.2618) 2.9047} 2.4206) 1.8155] 1.4524 | 1.2108 | 0.9077 | 0.7262 | 0.6052 | 0.4539 | 0.3631 | 0.3026-| 0.2269 | 0.1815 
10 8.3966} 3.3586] 2.7989] 2.0992] 1.6793 | 1.3994 | 1.0496 | 0.8397 | 0.6997 | 0.5248 | 0.4198 | 0.3499 | 0.2624 | 0.2099 
11 9.2867; 3.7147) 3.0956) 2.3217] 1.8573 | 1.5478 | 1.1608 | 0.9287 | 0.7739 | 0.5804 | 0.4643 | 0.3869 | 0.2902 | 0.2322 
12 | 10.3973) 4.1589} 3.4658} 2.5993) 2.0795 | 1.7329 | 1.2997 | 1.0397 | 0.8664 | 0.6498 | 0.5199 | 0.4332 | 0.3249 | 0.2599 
13 | 11.3040) 4.5216) 3.7680} 2.8260] 2.2608 | 1.8840 | 1.4130 | 1.1304 | 0.9420 | 0.7065 | 0.5652 | 0.4710 | 0.3533 | 0.2826 
14 | 12.3978) 4.9591) 4.1326} 3.0995) 2.4796 | 2.0663 | 1.5497 | 1.2398 | 1.0332 | 0.7749 | 0.6199 | 0.5166 | 0.3874 | 0.3099 
15 | 13.3167} 5.3267} 4.4389) 3.3292] 2.6633 | 2.2195 | 1.6646 | 1.3317 | 1.1097 | 0.8323 | 0.6658 | 0.5549 | 0.4161 | 0.3329 
16 | 14.3982) 5.7593} 4.7994) 3.5996] 2.8796 | 2.3997 | 1.7998 | 1.4398 | 1.1999 | 0.8999 | 0.7199 | 0.5999 | 0.4499 | 0.3600 
17 | 15.3265} 6.1306) 5.1089} 3.8317) 3.0653 | 2.5544 |. 1.9158 | 1.5327 {1.2772 | 0.9579 | 0.7663 | 0.6386 | 0.4790 | 0.3832 
18 | 16.3985) 6.5594) 5.4662) 4.0996] 3.2797 | 2.7331 | 2.0498 | 1.6399 | 1.3665 | 1.0249 | 0.8199 | 0.6833 | 0.5125 | 0.4100 
19 | 17.3343) 6.9337) 5.7781] 4.3336] 3.4669 | 2.8891 | 2.1668 | 1.7335 | 1.4445 | 1.0834 | 0.8667 | 0.7223 | 0.5417 | 0.4334 
20 | 18.3987) 7.3595) 6.1329] 4.5997] 3.6797 | 3.0665 | 2.2998 | 1.8399 | 1.5332 | 1.1499 | 0.9199 | 0.7666 | 0.5750 | 0.4600 
21 | 19.3405) 7.7362} 6.4468) 4.8351) 3.8681 | 3.2234 | 2.4176 | 1.9341 | 1.6118 | 1.2088 | 0.9670 | 0.8059 | 0.6044 | 0.4835 
22 | 20.3989} 8.1596) 6.7996] 5.0997] 4.0798 | 3.3998 | 2.5499 | 2.0399 | 1.6999 | 1.2749 | 1.0199 | 0.8500 | 0.6375 | 0.5100 
23 | 21.3457) 8.5383) 7.1152} 5.3364) 4.2691 | 3.5576 | 2.6682 | 2.1346 | 1.7788 | 1.3341 | 1.0673 | 0.8894 | 0.6671 | 0.5337 
24 | 22.3991) 8.9596} 7.4664] 5.5998] 4.4798 | 3.7332 | 2.7999 | 2.2399 | 1.8666 | 1.3999 | 1.1199 | 0.9333 | 0.7000 | 0.5600 
25 | 23.3501) 9.3400) 7.7834) 5.8375] 4.6700 | 3.8917 | 2.9188 | 2.3350 | 1.9459 | 1.4595 | 1.1676 | 0.9730 | 0.7297 | 0.5838 
26 | 24.3992) 9.7597) 8.1331] 6.0998] 4.8798 | 4.0665 | 3.0499 | 2.4399 | 2.0333 | 1.5250 | 1.2200 | 1.0166 | 0.7625 | 0.6100 
27 | 25.3538] 10.1415] 8.4513] 6.3385] 5.0708 | 4.2256 | 3.1692 | 2.5354 | 2.1128 | 1.5846 | 1.2677 | 1.0564 | 0.7923 | 0.6339 
28 | 26.3993] 10.5597] 8.7998] 6.5998] 5.2799 | 4.3999 | 3.2999 | 2.6399 | 2.1999 | 1.6500 | 1.3200 | 1.1000 | 0.8250 | 0.6600 
29 | 27.3571} 10.9428) 9.1190] 6.8393] 5.4714 | 4.5595 | 3.4196 | 2.7357 | 2.2797 | 1.7098 | 1.3679 | 1.1399 | 0.8549 | 0.6840 
30 | 28.3994] 11.3598] 9.4665] 7.0999) 5.6799 | 4.7332 | 3.5499 | 2.8399 | 2.3666 | 1.7750 | 1.4200 | 1.1833 | 0.8875 | 0.7100 
31 | 29.3599) 11.7440} 9.7866} 7.3400) 5.8720 | 4.8933 | 3.6700 | 2.9360 | 2.4467 | 1.8350 | 1.4680 | 1.2234 | 0.9175 | 0.7340 
32 | 30.3995} 12.1598) 10.1332} 7.5999] 6.0799 | 5.0666 | 3.7999 | 3.0400 | 2.5333 | 1.9000 | 1.5200 | 1.2666 | 0.9500 | 0.7600 
33 | 31.3623) 12.5449) 10.4541] 7.8406] 6.2725 | 5.2271 | 3.9203 | 3.1363 | 2.6136 | 1.9602 | 1.5681 | 1.3068 | 0.9801 | 0.7841 
34 | 32.3995} 12.9598] 10.7998} 8.0999) 6.4799 | 5.3999 | 4.0499 | 3.2400 | 2.7000 | 2.0250 | 1.6200 | 1.3500 | 1.0125 | 0.8100 
35 | 33.3645) 13.3458] 11.1215) 8.3411] 6.6729 | 5.5608 | 4.1706 | 3.3365 | 2.7804 | 2.0853 | 1.6682 | 1.3902 | 1.0426 | 0.8341 
36 | 34.3996} 13.7598) 11.4665} 8.5999] 6.8799 | 5.7333 | 4.3000 | 3.4400 | 2.8666 | 2.1500 | 1.7200 | 1.4333 | 1.0750 | 0.8600 
37 | 35.3665} 14.1466) 11.7888} 8.8416] 7.0733 | 5.8944 | 4.4208 | 3.5366 | 2.9472 | 2.2104 | 1.7683 | 1.4736 | 1.1052 | 0.8842 
38 | 36.3996) 14.5598] 12.1332} 9.0999] 7.2799 | 6.0666 | 4.5500 | 3.6400 | 3.0333 | 2.2750 | 1.8200 | 1.5166 | 1.1375 | 0.9100 
39 | 37.3682) 14.9473] 12.4561) 9.3421] 7.4736 | 6.2280 | 4.6710 | 3.7368 | 3.1140 | 2.3355 | 1.8684 | 1.5570 | 1.1677 | 0.9342 
40 | 38.3997) 15.3599] 12.7999) 9.5999] 7.6799 | 6.4000 | 4.8000 | 3.8400 | 3.2000 | 2.4000 | 1.9200 | 1.6000 | 1.2000 | 0.9600 
41 | 39.3698) 15.7479] 13.1233} 9.8425] 7.8740 | 6.5616 | 4.9212 | 3.9370 | 3.2808 | 2.4606 | 1.9685 | 1.6404 | 1.2303 | 0.9842 
42 | 40.3997] 16.1599} 13.4666] 10.0999] 8.0799 | 6.7333 | 5.0500 | 4.0400 | 3.3666 | 2.5250 | 2.0200 | 1.6833 | 1.2625 | 1.0100 
43 | 41.3712] 16.5485) 13.7904] 10.3428] 8.2742 | 6.8952 | 5.1714 | 4.1371 | 3.4476 | 2.5857 | 2.0685 | 1.7238 | 1.2928 | 1.0343 
44 | 42.3998) 16.9599] 14.1333] 10.6000] 8.4800 | 7.0666 | 5.3000 | 4.2400 | 3.5333 | 2.6500 | 2.1200 | 1.7667 | 1.3250 | 1.0600 
45 | 43.3725) 17.3490] 14.4575) 10.8431] 8.6745 | 7.2288 | 5.4216 | 4.3373 | 3.6144 | 2.7108 | 2.1686 | 1.8072 | 1.3554 | 1.0843 
46 | 44.3998) 17.7599] 14.7999] 11.1000] 8.8800 | 7.4000 | 5.5500 | 4.4400 | 3.7000 | 2.7750 | 2.2200 | 1.8500 | 1.3875 | 1.1100 
47 | 45.3737) 18.1495) 15.1246] 11.3434] 9.0747 | 7:5623 | 5.6717 | 4.5373 | 3.7811 | 2.8338 | 2.2687 | 1.8905 | 1.4179 | 1.1343 
48 | 46.3999) 18.5600] 15.4666] 11.6000] 9.2800 | 7.7333 | 5.8000 | 4.6400 | 3.8667 | 2.9000 | 2.3200 | 1.9333 | 1.4500 | 1.1600 
49 | 47.3748] 18.9499] 15.7916) 11.8437] 9.4750 | 7.8958 | 5.9218 | 4.7375 | 3.9479 | 2.9609 | 2.3687 | 1.9739 | 1.5805 | 1.1844 
50 | 48.3999] 19.3600) 16.1333) 12.1000} 9.6800 | 8.0667 | 6.0500 | 4.8400 | 4.0333 | 3.0250 | 2.4200 | 2.0167 | 1.5125 | 1.2100 

1.4400 


*® Pro diameter, di = —>— 


Ve 


INVOLUTE SPLINES 


TABLE 29—Basic-Measurements Over Pins* 


531 


DIAMETRAL PITCH 


‘1/2 


2.5/5 


3/6 


4/8 


5/10 


* 6/12 


8/16 


10/20 


12/24 


16/32 


24/48 


48/96 


41 
42 
43 |45.9711 
44 
45 


8.8660 
926819 
10.8944 
11.7535 
12.9144 


13.8003 
14.9295 
15.8335 
16.9412 
17.8584 


16 18.9507 
17 |19.8778 
18 |20.9584 
19 21.8934 
20 |22.9649 


21 |23.9062 
22 |24.9704 
23 |25.9168 
24 |26.9752 
25 |27.9259 


26 |28.9793 
27 |29.9337 
28 |30.9829 
29 131.9405 
30 |32.9862 


31 33.9465 
32 |34.9890 
33 (35.9517 
34 (36.9916 
35 (37.9565 


36 |38.9939 
37 |39.9607 
38 |40.9960 
39 |41.9645 
40 |42.9980 


43 .9680 
44 .9996 


47.0013 
47 .9740 


46 |49.0028 
AT |49.9766 
48 |51.0041 
49 {51.9790 
50 |53 .0054 


* Pin diameter, de = 


3.5464 
3.8728 
4.3578 
4.7014 
5.1658 


5.5201 
5.9718 
6.3334 
6.7765 - 
7.1434 


7.5803 


7.9511 
8.3834 
8.7574 
9.1860 


9.5625 
9.9882 
10.3667 
10.7901 
11.1704 


11.5917 
11.9735 
12.3932 
12.7762 
13.1945 


13.5786 
13.9956 
14.3807 
14.7966 
15.1826 


15.5976 
15.9843 
16.3984 
16.7858 
17.1992 


17.5872 
17.9998 
18.3884 
18.8005 
19.1896 


19.6011 
19.9906 
20.4016 
20.7916 
21.2022 


P 


2.9553 
3.2273 
3.6315 
3.9178 
4.3048 


4.6001 
4.9765 
5.2778 
5.6471 
5.9528 


6.3169 
6.6259 
6.9861 
7.2978 
7.6550 


7.9687 
8.3235 
8.6389 
8.9917 
9.3086 


9.6598 
9.9779 
10.3276 
10.6468 
10.9954 


11.3155 
11.6630 
11.9839 
12.3305 
12.6522 


12.9980 


13.3202, 


13.6653 
13.9882 
14.3327 


14.6560 
14.9999 
15.3237 
15.6671 
15.9913 


16.3343 
16.6589 
17.0014 
17.3263 
17.6685 


2.2165 
2.4205 
2.7236 
2.9384 
3.2286 


3.4501 
3.7324 
3.9584 
4.2353 
4.4646 


4.7377 
4.9695 
5.2396 
5.4734 
5.7412 


5.9766 
6.2426 
6.4792 
6.7438 
6.9815 


7.2448 
7.4834 
7.7457 
7.9851 
8.2466 


8.4866 
8.7473 
8.9879 
9.2479 
9.4891 


9.7485 
9.9902 
10.2490 
10.4911 
10.7495 


10.9920 
11.2499 
11.4928 
11.7503 
11.9935 


12.2507 
12.4942 
12.7510 
12.9948 
13.2514 


1.7732 
1.9364 
2.1789 
2.3507 
2.5829 


2.7601 
2.9859 
3.1667 
3.3882 
3.5717 


3.7901 
3.9756 
4.1917 
4.3787 
4.5930 


4.7812 
4.9941 
5.1834 
5.3950 
5.5852 


5.7959 
5.9867 
6.1966 
6.3881 
6.5972 


6.7893 
6.9978 
7.1903 
7.3983 
7.5913 


7.7988 
7.9921 
8.1992 
8.3929 
8.5996 


8.7936 
8.9999 
9.1942 
9.4003 
9.5948 


9.8006 

9.9953 
10.2008 
10.3958 
10.6011 


1.4777 
1.6137 
1.8157 
1.9589 
2.1524 


2.3001 
2.4883 
2.6389 
2.8235 
2.9764 


3.1585 
3.3130 
3.4931 
3.6489 
3.8275 


3.9844 
4.1617 
4.3195 
4.4959 
4.6543 


4.8299 
4.9890 
5.1638 
5.3234 
5.4977 


5.6578 
5.8315 
5.9920 
6.1653 
6.3261 


6.4990 
6.6601 
6.8327 
6.9941 
7.1663 


7.3280 
7.4999 
7.6619 
7.8336 
7.9957 


8.1671 
8.3294 
8.5007 
8.6632 
8.8343 


2102 
3618 
.4692 
6143 


eRe ee 


. 7250 
. 8662 
.9792 
1177 
2.2323 


Nee 


2.3688 
2.4847 
2.6198 
2.7367 
2.8706 


2.9883 
3.1213 
3.2396 
3.3719 
3.4907 


3.6224 
3.7417 
3.8729 
3.9926 
4.1233 


4.2433 
4.3736 
4.4940 
4.6240 
4.7446 


4.8742 
4.9951 
5.1245 
5.2456 
5.3748 


5.4960 
5.6245 
5.7464 
5.8752 
5.9968 


6.1253 
6.2471 
6.3755 
6.4974 
6.6257 


1083 


0.8866 
0.9682 
1.0894 
1.1754 
1.2914 


1.3800 
1.4930 
1.5834 
1.6941 
1.7858 


8951 
.9878 
.0958 
1893 
.2965 


NOnwNnN Ke 


3906 
-4970 
5917 
6975 
7926 


NNW WN WN 


.8979 
9934 
0983 
1941 
.2986 


wWOwwn dw 


0947 
.4989 
5952 
6992 
7957 


WWW ww 


3.8994 
3.9961 
4.0996 
4.1965 
4.2998 


4.3968 
4.5000 
4.5971 
4.7001 
4.7974 


4.9003 
4.9977 
5.1004 
5.1979 
5.3006 


0.7388 
0.8068 
0.9079 
0.9795 
1.0762 


. 1500 
2441 
3195 
4118 
4882 


= eS 


5792 
6565 
. 7465 
8245 
9137 


Ree eee 


9922 
.0809 
1597 
.2479 
22 


NNN N Ke 


4149 
4945 
5819 
.6617 
7489 


Nnwnwnnw wv 


2.8289 
2.9158 
2.9960 
3.0826 
3.1630 


3.2495 
3.3001 
3.4163 
3.4970 
3.5832 


3.6640 
3.7500 
3.8309 
3.9168 
3.9978 


4.0836 
4.1647 
4.2503 
4.3316 
4.4171 


0.5541 
0.6051 
0.6809 
0.7346 
0.8072 


NRF Re el ol oe 
co lo) 
wo — 
fon) ive) 
P= oo 


wmHnwn bd bw 
iw) 
neg 
Q 
So 


| el eel eel cee col 
ou 
Ny 
ido) 
— 


eee ee 
ae 

oO 

I 

lor) 


0.3694 
0.4034 
0.4539 
0.4897 
0.5381 


0.5750 
0.6221 
0.6597 
0.7059 
0.7441 


0.7896 
0.8282 
0.8733 
0.9122 
0.9569 


0.9961 
1.0404 
1.0799 
1.1240 
1.1636 


.2075 
2472 
.2910 
.3309 
3144 


Sea 


4144 
4579 
.4980 
5413 
5815 


pe gy 


6247 
.6650 
. 7082 
7485 
.7916 
.8320 
.8750 
9155 
. 9584 
9989 


eet 


a SSS Set 


2.0418 
2.0824 
2.1252 
2.1658 
2.2086 


Sa eS eS ee a 


SS SS 


0.1847 
0.2017 
0.2270 
0.2449 
0.2690 


0.2875 
0.3110 
0.3299 
0.3529 
0.3721 


0.3948 
0.4141 
0.4366 
0.4561 
0.4784 


0.4980 
0.5202 
0.5399 
0.5620 
05818 


0.6037 
0.6236 
0.6455 
0.6654 
0.6872 


0.7072 
0.7289 
0.7490 
0.7707 
0.7908 


0.8124 
0.8325 
0.8541 
0.8743 
08958 


0.9160 
0.9375 
0.9577 
0.9792 
0.9995 


1.0209 
1.0412 
1.0626 
1.0829 
1.1043 


1.9200 
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Appendix I 


Special study will be required for internal spline teeth less than 8/16 through 24/48, and for less than 16 for 32/64 through 
10 for 2.5/5 through 6/12 diametral pitch, for less than 12 for 48/96. 


pe FER 
DOTTED OUTLINE FOR 


APPROX 
< 025 FILLET ROOT (1) 
SEE SECTION 10 
Py ie ap 
NOTE (2) fi ' G 
CUTTER TOOTH FOR TYPE OF TOOTH 
1/2 DIAMETRAL PITCH FOR SPECIAL 
DIMENSIONS BASIC . CHAMFERING CUTTER 


Note 1—Radius must satisfy specification of minimum radius given in Tables 5 through 19. 
Note 2—For external splines, in diametral pitches of 16/32 through 48/96, the addendum is 1.00/P. 


TABLE 30a—Minimum Difference of Teeth, Internal Spline and Shaper Cutter® 


DIAMETRAL PITCH 


TYPE OF GEAR SHAPER 
2.5/5 | 3/6 4/8 | 5/10 | 6/12 | 8/16 | 10/20 | 12/24 | 16/32 | 20/40 | 24/48 | 32/64 | 40/80 | 48/96 


#72 or *725A (standard backoff)........ — — — 6 6 6 6 6 6 6 6 6 6 6 
*6 or #6A (with special 0.010 backoff). . 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
#6A (standard backoff)................. 10 10 10 10 10 9 8 7 if 7 7 7 Zh i 
#6 (standard backofi)ic......040...0..95) 5-02 14 13 12 ll ll ll 11 11 11 iBl 11 11 11 11 


® For normal production conditions, the difference between numbers of teeth in work and cutter on internal splines should be not less than shown to avoid interference. 


-e e, 


LILLIE 
eee 

TAPER SHANK CUTTER TAPER SHANK CUTTER 

FOR 2.5/5 & 3/6 DP FOR ALL EXCEPT 2.5/5 & 3/6 DP 


TABLE 30b—Cutter Dimensions of Smallest Shank, Internal Splines* 


DIAMETRAL PITCH 2.5/5 | 3/6 “4/8 5/10 | 6/12 | 8/16 | 10/20 | 12/24 | 16/32 | 20/40 | 24/48 | 32/64 | 40/80 | 48/96 
Number of teeth in cutter............... 4 4 4 4 4 5 6 6 6 i vi 9 10 12 
A Sdbeng this ei ae ah ee 4.125) 4.125) 4.125) 4.000) 3.875] 3.625) 3.500) 3.375} 3.125) 3.125} 3.000} 3.000) 3.000) 3.000 
BDapenaiameter earn cinece ck eee 1.063} 1.063} 1.063) 1.063] 1.063) 0.700) 0.700} 0.700) 0.700} 0.700} 0.700) 0.700) 0.700) 0.700 
C, Length of cut (at life)................ 2.000} 2.000) 1.750} 1.625} 1.500] 1.375) 1.250) 1.125) 1.000) 1.000} 0.875] 0.875] 0.750) 0.750 


® The smallest cutter in each diametral pitch as shown is the most versatile and will cut all but the smallest numbers of teeth. The taper-shank cutters are designed for the 
length of cut C given in the table. Where splines are designed to lengths not exceeding C, the availability of cutters from other users and manufacturers can expedite fabrication. 
The customer should specify whether cutters are to be made to these tables or for specific conditions. 


FERRE REE SRT SA SR SEIS SS SR EC RR SSE ER A RR FR nS NAT NEE SI 


INVOLUTE SPLINES 533 


PITCH DIA 


DISC TYPE CUTTER 


TABLE 30c—Disc-Type Cutter Dimensions, External or Internal Splines*® 


DIAMETRAL PITCH 2.5/5 | 3/6 4/8 | 5/10 | 6/12 | 8/16 | 10/20 | 12/24 | 16/32 | 20/40 | 24/48 | 32/64 | 40/80 | 48/96 


Number of teeth in 


(GUIURIGY da > nea LOM 212 165" US 22-28" 36} 44 1 5619 72) 72 |) 96) 120°] 120 
Pitch diameter of 
GUGtEIA ae... cose ee 4000/4 .000/4 .000|3 .600/3 .667|3 .500/3 .600|3 . 667/3 .500/3 .600|3 .000)3 .000/3 .000|2 . 500 


Approx min no. teeth 
in external if cut on 
shaper *6 or #6A..| 6 6 6 6 6 6 7 9 11} 14] 14} 19] 24] 24 

Approx min no. teeth . 
in external if cut on 
shaper #72 ~~=«soor 
HT ZOA Se ake cc tet —|} —/|] —| 6 6 6 6 6 8 10 10 14 17 17 


® Table 30c gives the number of teeth in preferred cutters for external and internal splines and is based on Table 30a. 

When the 2.5-in. and 3.0-in. cutters are used on machines with cutter spindles larger than cutter-root (minor) diameter, the maxi- 
mum face width will be limited by positioning of cutter on spindle. For 5/10 and finer diametral pitches, if type 62, 62A, or 7A ma- 
chines are used, larger cutters with a 1.75-in. hole are required. 


TABLE 30d—‘‘d’’ Disc-Type Preferred Cutters, Internal Splines* 


DIAMETRAL PITCH 2.5/5 3/6 4/8 5/10 6/12 8/16 10/20 | 12/24 |16/32 '90/40 2474s 32/64! 40/80} 48/96 


6 6 6 6 6 8 10 12 Petal Lo aa OU ES 

Number of teeth in | 8(d) | 9(d) | 8 10 9 12 15 18 18 | 24 | 24 | 24 | 24 | 24 
cutters — — |13(d) |16(d) |12 16 20 24 24) —}— | — | — |] — 
18(d) |24(d) |30(d) |36(d) — 


* Table 30d shows the number of teeth in preferred cutters for internal splines and is based on Table 30a. : ; 
When 2.5-in. and 3.0-in. cutters are used on machines with cutter spindles larger than cutter-root (minor) diameter, the maxi- 


mum face width will be limited by positioning of cutter on spindle. For 5/10 and finer diametral pitches, if type 62, 62A, or 7A ma- 
chines are used, larger cutters with a 1.75-in. hole are required. 
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Appendix II 
TABLE 31—Recommended Dimensions for Hobs 
DIAMETRAL PATCH OUTSIDE DIAMETER WIDTH BORE DIAMETRAL PITCH j OUTSIDE DIAMETER WIDTH BORE 
1/2 7.00 9.00 1.50 12/24 2.50 2.00 1.25 
2.5/5 4.00 4.50 1.25 16/32 2.50 2.00 1.25 
3/6 3.75 4.00 1.25 20/40 2.50 2.00 1.25 
4/8 3.50 3.50 1:25 24/48 2.50 2.00 1.25 
5/10 3.00 3.00 1.25 32/64 2.50 2.00 1.25 
6/12 3.00 3.00 1.25 40/80 2.50 2.00 1.25 
8/16 2.75 2.75 1.25 48/96 ~ 2.50 2.00 1.25 
10/20 2.50 2.50 1.25 ee 
-1.5708 b 
.O75R 


Fig. 8—1/2 Diametrat Pitch, Hos Tootx 
Note 1—Hob shown in Fig. 8A should not be used for 
minor-diameter fits. 


Note 2—Ramp is required for major-diameter fits (see Table 3). 


and also for the special combination covered by 
footnote c under ‘‘a’”’ tables of Tables 5 
through 19. 

Note 3—The addendum of the hob is 0.90/P for diametral pitches 

from 1/2 through 12/24 and 1.00/P for diametral 

pitches from 16/32 through 48/96. The radius 
must be such as to satisfy specification of 
fillet radius in the tables. 
Note 4—Depth of cut will vary as controlled to obtain the desired 
fit. See Tables 5 through 19. 


\X \\ 3900 A 


Xx 2 ° 
FLAT ROOT o~¥e 


FILBET ROGGE 


RADIUS AS 
DESIRED 
(FOR MAX 
SEE-COL 7) 


Fig. 9—1/2 Dramerrat Pitcu, Broacn Tooru 

Note 1—The broach design will be in accordance with the speci- 

fications given in the tables for internal splines. 

Note 2—The length of the broach is determined by the length of 
the part, the hardness, the type of material to be 
broached, and the broaching equipment available. © 

Note 3—The dotted outline shows the fillet-root type. 
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Appendix III 
TABLE 32—Special Basic Pin Measurements, Internal Spline Measurements with Round Pins Over 1.4400 Diameter 
AT PITCH POINT NEAREST TO PITCH POINT FIRST OVERSIZE PIN. SECOND OVERSIZE PIN 
N oO 
30° — ~ d;* a,» Mi; Clearance® F dy» M; Clearance® F a,” M; F 
; A oy 3 4 5 6 0) 8 9 10 il 12 13 14 
] 6 15.00000 | 1.6077 | 1.6080 | 3.7703] 0.0068 3.58 = = — — — — — 
| Yh 17.14286 | 1.6301 | 1.6320 | 4.5465) 0.0153 3.04 | 1.6800 | 4.2928! 0.0968 — — — — 
H 8 18.75000 | 1.6482 | 1.6800 | 5.5304) 0.0548 3.14 | 1.7040 | 5.4118} 0.0901 3.80 — — — 
| 9 20.00000 | 1.6631 | 1.6800 | 6.4387} 0.0380 2.68 | 1.7040 | 6.3391] 0.0644 2.90 — _ — 
Ea 10 21.00000 | 1.6756 | 1.6800 | 7.5842) 0.0279 2.44 | 1.7040 | 7.4907} 0.0506 2.58 — — — 
i| 11 21.81818 | 1.6863 | 1.6800 | 8.4934} 0.0210 2.32 | 1.7040 | 8.4049] 0.0416 2.41 
i 12 22 .50000 1.6954 | 1.6800 9.6083 0.0158 2.22 1.7040 9.5218 0.0351 2.29 1.7280 9.4333} 2.37 
| 13 23 .07692 | 1.7033 | 1.6800 | 10.5266} 0.0119 2.15 | 1.7040 | 10.4425} 0.0302 2.21 | 1.7280 | 10.3568] 2.28 
E 14 23.57143 | 1.7102 | 1.6800 | 11.6225] 0.0087 2.11 | 1.7040 | 11.5395} 0.0262 2.15 | 1.7280 | 11.4551) 2.21 
Hel 15 24.00000 | 1.7163 | 1.6800 | 12.5493] 0.0061 | 2.07 | 1.7040 | 12.4678} 0.0230 | 2.11 | 1.7280 | 12.3851] 2.15 
| 
| 16 24.37500 | 1.7217 | 1.7280 | 13.4692] 0.0374 2.11 | 1.7520 | 13.3862} 0.0549 2.15 
:) 17 24.70588 | 1.7266 | 1.7280 | 14.4054] 0.0347 2.07 | 1.7520 | 14.3237) 0.0517 2.11 
i 18 25.00000 | 1.7310 | 1.7280 | 15.4790} 0.0325 2.05 | 1.7520 | 15.3979} 0.0490 2.08 
| 19 25.26316 | 1.7349 | 1.7280 | 16.4206] 0.0305 2.02 | 1.7520 | 16.3405) 0.0467 2.05 — — — 
: 20 25.50000 | 1.7385 | 1.7280 | 17.4863] 0.0289 1.98 | 1.7520 | 17.4065) 0.0447 2.03 | 1.7760 | 17.3260} 2.05 
: | 21 25.71429 | 1.7418 | 1.7280 | 18.4327) 0.0274 1.97 | 1.7520 | 18.3536) 0.0430 2.01 | 1.7760 | 18.2739] 2.03 
22 25.90909 | 1.7448 | 1.7280 | 19.4919} 0.0260 1.97 | 1.7520 | 19.4131] 0.0415 1.99 | 1.7760 | 19.3337) 2.01 
23 26.08696 | 1.7476 | 1.7280 | 20.4425) 0.0247 1.95 | 1.7520 | 20.3642} 0.0401 1.97 | 1.7760 | 20.2854} 1.99 
24 26.25000 | 1.7502 | 1.7280 | 21.4964) 0.0238 1.94 | 1.7520 | 21.4184} 0.0388 1.96 | 1.7760 | 21.3398) 1.98 
25 26.40000 | 1.7525 | 1.7280 | 22.4505} 0.0221 1.93 | 1.7520 | 22.3729] 0.0377 1.95 | 1.7760 | 22.2948) 1.97 
| 26 26.53846 SoA Ta oll 7280 23 .5001 0.0219 1.92 1.7520 | 23.4227 0.0366 1.94 1.7760 | 23.3448) 1.95 
| 27 26.66667 | 1.7568 | 1.7280 | 24.4574] 0.0211 1.91 | 1.7520 | 24.3802} 0.0358 1.93 | 1.7760 | 24.3027) 1.94 
| 28 26.78571 | 1.7587 | 1.7280 | 25.5031) 0.0204 1.90 | 1.7520 | 25.4262} 0.0349 1.92 | 1.7760 |.25.3489} 1.93 
29 26.89655 | 1.7605 | 1.7280 | 26.4630) 0.0197 1.89 | 1.7520 | 26.3864) 0.0341 1.91 | 1.7760 | 26.3094; 1.92 
| 30 27.00000 | 1.7621 | 1.7280 | 27.5057; 0.0191 1.89 | 1.7520 | 27.4292) 0.0334 1.90 _| 1.7760 | 27.3523} 1.92 
31 27.09677 | 1.7637 | 1.7280 | 28.4682} 0.0185 1.88 | 1.7520 | 28.3918} 0.0328 1.89 | 1.7760 | 28.3152) 1.91 
32 27.18750 | 1.7652 | 1.7280 | 29.5079] 0.0180 1.88 | 1.7520 | 29.4318) 0.0321 1.89 | 1.7760 | 29.3552) 1.90 
27.27273 | 1.7666 | 1.7280 | 30.4725} 0.0176 1.87 | 1.7520 | 30.3964; 0.0316 1.88 | 1.7760 | 30.3202} 1.89 
27.35294 | 1.7679 | 1.7280 | 31.5098} 0.0171 1.87 | 1.7520 | 31.4340} 0.0310 1.88 | 1.7760 | 31.3578} 1.89 
27.42857 | 1.7691 | 1.7280 | 32.4761] 0.0166 1.86 | 1.7520 | 32.4005} 0.0305 1.87 | 1.7760 | 32.3245) 1.88 
27.50000 | 1.7703 | 1.7280 | 33.5115} 0.0162 1.86 | 1.7520 | 33.4359} 0.0300 1 87 1.7760 | 33.3600} 1.88 
27.56757 | 1.7714 | 1.7280 | 34.4797| 0.0158 1.85 | 1.7520 | 34.4042} 0.0296 1.86 | 1.7760 | 34.3284] 1.87 
27.63158 | 1.7725 | 1.-7280-| 35.5130] 0.0155 1.85 | 1.7520 | 35.4376} 0.0292 1.86 | 1.7760 | 35.3619} 1.87 
27.69231 | 1.7735 | 1.7280 | 36.4827} 0.0150 1.85 | 1.7520 | 36.4074] 0.0288 1.86 | 1.7760 | 36.3317] 1.87 
27.75000 | 1.7745 | 1.7280 | 37.5143) 0.0148 1.84 | 1.7520 | 37.4891} 0.0284 1.85 | 1.7760 | 37.3637] 1.86 
27.80488 | 1.7754 | 1.7280 | 38.4855) 0.0145 1.84 | 1.7520 | 38.4103} 0.0282 1.85 | 1.7760 | 38.3350) 1.86 
27.85714 | 1.7763 | 1.7280 | 39.5155} 0.0142 1.84 | 1.7520 | 39.4405) 0.0277 1.85 | 1.7760 | 39.3652) 1.85 
27.90698 | 1.7771 | 1.7280 | 40.4877| 0.0140 1.83 | 1.7520 | 40.4129) 0.0274 1.84 | 1.7760 | 40.3378] 1.85 
27.95455 | 1.7779 | 1.7280 | 41.5166) 0.0138 1.83 | 1.7520 | 41.4417} 0.0271 1.84 | 1.7760 | 41.3666] 1.85 
28.00000 | 1.7787 | 1.7280 | 42.4901} 0.0136 1.83 | 1.7520 | 42.4153) 0.0269 1.84 | 1.7760 | 42.3404} 1.85 
46 28.04348 | 1.7794 | 1.7280 | 43.5175} 0.0132 1.83 | 1.7520 | 43.4428) 0.0266 1.84 | 1.7760 | 43.3679} 1.85 
47 28.08511 | 1.7801 | 1.7280 | 44.4921} 0.0130 1.82 | 1.7520 | 44.4175} 0.0263 1.83 | 1.7760 | 44.3427] 1.84 
48 28.12500 | 1.7808 | 1.7280 | 45.5184) 0.0128 1.82 | 1.7520 | 45.4438! 0.0261 1.83 | 1.7760 | 45.3690) 1.84 
49 28.16327 | 1.7814 | 1.7280 | 46.4942) 0.0126 1.82 | 1.7520 | 46.4195} 0.0259 1.83 | 1.7760 | 46.3448) 1.84 
50 28.20000 | 1.7821 | 1.7280 | 47.5192} 0.0124 1.82 | 1.7520 | 47.4447} 0.0256 1.83 | 1.7760 | 47.3700) 1.84 


Te ee eee ee aaa 
®dj=Db [ inv 30° + 5% — Inv (30°- 5) | 


> Pins given are commercia I sizes. 
— (Mi 42d » Mit+dG 
° Clearance with major diameter, (Col 4, Table 5): with WV even, clearance = Wea (s+), with W odd, clearance = 0.5 (VN +1) —di — — +4 


cos V 
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Appendix IV—Engineering Suggestions 


General—Some of the advantages of involute splines with 
30 deg pressure angle are: 

1. Tooth has maximum strength through the minor diameter 
where needed. 

2. Involute splines are self centering and therefore tend to 
equalize the bearing and stresses among all the teeth. 

3. Because of the generating action of the hobbing operation, 
a smooth tooth surface is obtained; therefore, it is not normally 
necessary to grind a splined part on the involute curve. 

4. Cutting tools are readily manufactured and checked. 


Length of Spline—For carrying of any load or to obtain 
stability, there is seldom need to have a spline longer than its 
pitch diameter. 


Torque Capacity—Formulas (7) through (13) will apply to 
most splined shafts. 


= torsional moment, inch pounds 

= allowable torsional shear stress, pounds per square inch 

allowable compressive bearing stress, pounds per square 
inch 

inside diameter of hollow shaft 

area of one tooth in contact 

= length of spline, inches 


Rnre 
| 


I 


- 


TERS 
ll 


minimum) 


The customary expression for torsional resistance of a shaft 
of diameter Dp is 


Q= ‘e (7a) 
or 
16Q 
S. = Ds (7b) 


Assuming that all teeth are contacting, we may write the equa- 
tion 


S-A:iND 
rapes iN. 
Z 
and since 
0.8 LD 
A; = Lh = ae 


= height of contact on tooth = 0.8/P =0.8D/N (0.80 is a: 


then 
S- LD? 
Q= af (8a) 
or 
2.5Q 
L= 5D (8b) 
or 
2.5Q 
Se = LD? (8e) 


For shear stress at the pitch diameter (which averages for 
internal and external splines), the area in shear is + DL/2, or 
1.5708 DL; therefore, the spline shear stress is 


4 290~__. 1.2732Q fossa 
*—-D(1.5708DL) LD? 
1.2732Q 
Es os (9b) 


By dividing (9a) by (8c), we can obtain a ratio of S,/S. of 
0.5093. Good practice dictates that the allowable shear stress be 
taken as 60% and the allowable compressive bearing stress as 
140% of the tensile ultimate stress, or a ratio of 60/140, or 
0.428. The design of splines is therefore critical in shear. 

By combining (9a) and (7a), which involve only shear stress, 
we obtain 


Die 
L = 0.250 = (10) 


which applies only under ideal conditions with all teeth in perfect 


contact. Actual practice has shown that because of inaccuracies — 


in spacing and tooth form, the equivalent of about 25% of teeth 


contact, so that a good approximate formula for a splined solid 
shaft is 


L=— (11) 


By similar combinations, we can obtain, for hollow shafts, 
the formula 


D4 — D$ 
Ls 4D*D, (12) 
and adjusting for 25% contact as in (11), we obtain 
Ds — Ds 
L=— : 1 
D'D, Q 3) 
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Appendix V—Derivation of Factors E and F 


| External Spline Factor E—The original position of pin is 


shown in dotted lines in Fig. 10, and the secondary position taken 
when ¢ has been decreased is shown in solid lines. Involutes are 


| drawn through the pin center and are parallel, and x on the base 


circle is equal to the side opposite ¢. in the small triangle at the 


_ pin center, therefore 


AM. . 2 
= => oun ge (approximate) 


x at the pitch circle forms an angle with the tangent where 


| At measurement applies, therefore 


At x »¢ pit AM, sin de 
2 Cos } ~ 2cos Co) 
N even, 
AM, 
SRT CES uy 
At SIN de 
N odd, 
_ COos¢ 90° 
SID de : N 
Example: 


P = 8/16, N = 20, = 0.1923 
At = t, — t = 0.1963 — 0.1923 = 0.0040 


M. = 2.8706 (Table 29) E = 1.525 (Table 4, Col 11) 
AM, = 1.525 x 0.0040 = 0.0061 
M, = M, — AM. = 2.8706 — 0.0061 = 2.8645 


Internal Spline Factor F—The original position of pin is 
shown in solid lines in Fig. 11 and the secondary position taken 
then ¢, has been increased is shown in dotted lines. Involutes are 
drawn through the pin center and are parallel, and x on the base 
circle is equal to the side opposite ¢; in the small triangle at the 
pin center, therefore 


N even, 
AM; 
= ae = F 
Als sin ¢; 
N odd, 
_ cos ¢ 90° 
~~ gin di N 
Example: 


P = 8/16,N = 20,t, = t, + 0.0020 
M, = 2.2998 (Table 28) 
M, = 2.2998 + (0.0020 x 1.78) = 2.3034 


Fie. 10—Pin Positions, EXTERNAL SPLINE 


Fig. 11—Prn Positions, InreRNAL SPLINE 
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Appendix VI 
TABLE 33—Spline Selections for Ball Bearings* 7 
* DIAMETRAL PITCH ‘ 
BEARING BORE ————- 
2.5/5 3/6 4/8 5/10 6/12 8/16 10/20 12/24 16/32 20/40 24/48 32/64 40/80 48/96 
Mm | Inches |N| Diam |N] Diam |N| Diam |N| Diam |N | Diam |'N| Diam |N| Diam |N]| Diam | N| Diam|N| Diam|N|Diam|N| Diam|N| Diam |¥ | Diam 
— | 0.1900) — |- — — 60. 175} 8|0.188 
— |.0.2500) a a 6/0.219} 8/0.225]10)0.229 
— | 0.3125) 7 — —| — | 6/0.292} 8/0.281]}11/0.300)13/0. 292. 
— | 0.3750 — == —| — |} 6/0.350} 7/0.333/10/0.344/13/0.350|16|0.354 
10 | 0.3937 — |—| — | 6/0.350) 810.375)11/0.375|1410.375)17/0.375 
12 | 0.4724 — | 60.438] 8)0.450}10/0.458)14/0 .469]17/0. 450)21/0. 458 
— | 0.5000 —| — | 610.438) 810.450/10)0.458/14/0.469}18/0.475|22/0. 479 
15 | 0.5906 _ 6] 0.583} 8/0.563/10/0.550/13/0 .583/17/0.563/22/0.575/27|0.583 
— | 0.6250 6] 0.583} 8/0.563/11/0.600)13/0.583/18/0 .594/23/0.600)28/0.604 
17 | 0.6693 — - 7| 0.667) 9/0.625/12/0.650/15/0 .667/20|0 .656/25|0 .650/31|0.667 
— | 0.7500 6| 0.700} 7| 0.667/10|0.688|13/0.700]16/0.708|22/0.719|2810.725/3410.729 
20 | 0.7874 —| — _ | 6| 0-700} 8} 0.750}11/0.750/14/0.750]17|0.750/24|0.781|/30|0.775|36|0.771 
25 | 0.9843 — | 6] 0.875) 8} 0.900}10} 0.917/14/0.938]18/0.950}22/0 .958/30|0.969/38/0.975/46|0.979 
— | 1.0000 = 6| 0.875} 8) 0. 900/10} 0.917}14/0 .938]18]0 .950/22/0 .958/30|0 .969/38|0.975|46|0.979 
30 | 1.1811 6] 1.167) 8) 1.125)10) 1.100/13}) 1.167}17}1. 125}22|1 . 150/27/1 . 167|36|1.156/46)1. 175|/55|1. 167 
— | 0.2500 6) 1.167) 8) 1.125)11) 1. 200/18) 1.167}18/1.188/23}1 .200/28]1 .208/38]1.219}48}1.225/58|1. 229 
— | 0.3130 ~ 6] 1.167) 9} 1. 250/12) 1.300/14) 1.250}19]1 .250/25}1.300/30}1 .292/40|1 .281/51/1.300/61/1. 292 
35 | 1.3780 7| 1.333)/10) 1.375)12) 1.300/15) 1.333]21/1.375}26]1 .350/32}1 .375/43/1.375/54|1.375165|1.375 
— | 1.4380 —| — | 7 1.333/10) 1.375/13) 1.400]16) 1.417/21/1.375/27/1 .400/33}1.417/4411.406/56]1 4251/6711 .417 
er G a0) 8} 1.50011) 1.500)14) 1.500)17) 1.500/23)1.500/30/1 .550/36}1 .542/48]1.541/61/1.550)73}1.542 
40 | 1.5748 — 6) 1.400} 8} 1.500/11) 1.500/14| 1.500/17} 1.500)24/1 .563/30]1.550/36]1 .542149]1 .563/6111 55017411 .563 
45 | 1.7717/—| — .J— 6] 1.750) 7| 1.600) 9) 1.667/13) 1.750/16| 1.700/20} 1.750)27/1.750/34|1.750/4111 .750/55/1. 75016911 .750/83!1.750 
— | 1.8130 — |-| — | 6] 1.750) 8) 1.800} 9) 1.667/13) 1.750}17| 1.800/20} 1.750)/27/1.750|35]1 .800/42]1 .792/56]1.781171/1. 800/85|1.792 
50 | 1.9685,—-| — |—|. — | 6] 1.750} 8| 1.800/10) 1.833]14| 1.875]18) 1.90022) 1.917/30}1 .938/38]1.950/46]1. 95816211 .968177/1 .950/93/1.958 
— | 2.0630\—| — — | 7| 2.000} 9) 2.000/11) 2.000/15| 2: 000/19} 2.000/23} 2.000)31}2.000)/40/2.050/48/2 .042164/2 0311812 .050/97|2.042 
55 | 2.1654,-; — |—-}| — | 7| 2.000} 9) 2.000/11) 2.000/16) 2.125}20) 2. 100/24! 2.083/33/2.125/42/2. 150/50/2. 125/68/2.156/85|2.150/—| — 
—_| 2.3130\—-| — |—} — | 8| 2.250}10) 2.200]12) 2.167/17| 2.250/22) 2.300/26) 2.250|35/2.250/45/2. 30015412. 292172/2.281/91/2.300|I—-| — 
60 | 2.3622;—; — | 6} 2.333) 8} 2.250)10] 2.200)13} 2.333/17) 2. 250/22) 2.300]27| 2.333/36]2.313/46/2.350/55/2.333/74/2.343/93/2.350/\—| — 
65 | 2.5591/—| — | 6} 2.333} 9] 2.500/11) 2.400}14) 2. 500/19) 2.500/24) 2.500/29) 2.500/39]2.500/50/2.550/60/2.542/80/2.531/_| — j-—| — 
70 | 2.7559;—| — | 7| 2.667/10) 2.750)12) 2.600)15) 2.667/21| 2.750)/26| 2. 700/32) 2.750/43/2.75015412. 75016512. 750/8712.750,\_| — |—| — 
— | 2.9380} 6) 2.800) 7} 2.667|/10} 2.750)13} 2.800/16} 2. 833/22} 2.900/28) 2.900/34) 2.917/45/2.875/57/2.900/69/2.917|92/2.906/—_| — || — 
75 | 2.9528) 6} 2.800} 7} 2.667/10| 2.750}13) 2.800]16) 2.833/22) 2.875/28) 2.900/34) 2.917/46/2.938/5812.950/6912.917193/2.938|—| — |—| — 
— | 3.0630) 6] 2.800} 8) 3.000}11) 3.000)14| 3.000)17} 3.000/23} 3.000)29} 3.000/35] 3.000/47|3 .000/60/3 .050/72/3 .042/96/3.031.—| — |—| — 
80 | 3.1496] 6} 2.800} 8} 3.000)11} 3.000/14| 3.000/17| 3.000/24| 3. 125/30] 3. 100/36) 3.083]/49]3. 125/61/3.. 100/74/3. 125/99/3. 125|— —_| — 
85 | 3.3465] 7| 3.200} 9) 3.333]12) 3.250)15} 3.200)19] 3.333/25} 3. 250/32) 3.300139] 3.333/52/3.313/65/3 .300/79/3.333\_| — |—| — |—| — 
90 | 3.5483) 7] 3.200) 9} 3.333)13} 3.500/16} 3.400/20} 3.500/27| 3.500/34| 3. 500/41) 3.500/55/3 .500/69/3 .500/83/3.542\-| — |—| — || — 
95 | 3.7402) 8] 3.600/10) 3.667/13) 3.500)17} 3.600)21| 3.667/28) 3.62536) 3.700/43) 3.667/58]3 .688/73|3.700/88/3.708|I—| — |—| — |—| — 
100 | 3.9370) 8} 3.600)10| 3.667|14) 3.750/18) 3.800/22) 3.833/30) 3.875/38] 3.900/46} 3.917/6113.875|/77/3.900/93/3.917/—| — |— —| — 
105 | 4.1339} 9] 4.000]11) 4.000)15} 4.000|19) 4.000)23) 4.000)32) 4. 125/40) 4. 100/48! 4.083/65/4.125/81/4.100/98/4.125|—| — |— —| — 
110 | 4.3307} 9} 4.000}11| 4.000)16} 4.250)/20) 4.200)24) 4. 167/33) 4. 250/42) 4.300/50| 4.250/68/4.312/85/4.300|— = — 
120 | 4.7244/10| 4.400)13| 4.667|17| 4.50022} 4.600/27| 4.667|36} 4.625)/46} 4.700/55| 4.667/74/4.688/93/4.700 —| — 
130 | 5.1181/11} 4.800)14} 5.00019} 5.000/24| 5.000/29} 5.000/39} 5.000/50} 5. 100/60! 5.083/8015.062 —| — 
140 | 5.5118}12) 5.200)15}) 5.333}21) 5.500)26} 5.400/32) 5. 500/43] 5.500/54| 5. 500/65) 5.500/8715.500 — = == 
150 | 5.9055/13) 5.600)16| 5.667|22) 5.750/28) 5.800/34| 5.833/46] 5.87558! 5.900169] 5.833/9315.875|— —| — 
160 | 6.2992|14| 6.00017) 6.000)/24| 6.250)30| 6.20036} 6.167/49] 6.250161) 6.200174] 6.250/99/6. 250 -- — |-} — 
170 | 6.6929]15| 6.400]19} 6.667|/25| 6.500|32| 6.600/39] 6.667|52| 6.625165] 6.600/79| 6.667|\— —| — 
180 | 7.0866|16} 6.800/20| 7.000/27| 7.000|34| 7.000/41| 7.000|55| 7.000/69] 7.000|84| 7.083 —-| — |j-} — FY} — 
190 | 7.4803]17| 7.200)21|) 7.333/28] 7.250/36] 7.400/43] 7.333158) 7.375173) 7.400188] 7.417|— — 
200 | 7.8740|18} 7.600)22| 7.667/30) 7.750/38| 7.800/46|. 7.833/61| 7.750/77| 7.800|93| 7.833 — 
210 | 8.2677|19} 8.00023] 8.000|32| 8.250/40) 8. 200/48] 8. 167/65) 8. 250/81) 8. 200/98! 8.250 — — ja — |H— 
220 | 8.6614/20} 8.400}24). 8.333)/33) 8.500/42} 8.600|50} 8. 500/68! 8.625/85! 8.600 — — 
230 | 9.0551/21| 8.800)26) 9.000)/35) 9.000)44| 9.000/53} 9.000/71} 9. 000/89) 9.000 - -—- — - —| — 
240 | 9.4488|22| 9.200/27| 9.333]36) 9.250/46| 9.400/55) 9.333/74| 9.375]93! 9. 400/— — —-| — |jJ4H — 
250 | 9.8425/23) 9.600/28| 9.667/38) 9.750/48) 9.800|58} 9.833]/77]} 9.750|97| 9.800 -- | — 
260 |10.2362|24|10.000/29)10 . 000/39} 10 .000}50/10. 200/60} 10. 167/80)10.125;—|_  — —- = — —-| — 
280 |11.0236)26)10.800/32|11 .000/43)11 .000/54/11. 000/65}11. 000/87}11. 000|— — — 
820 |12.5984)30/12.400)/36)12.333}49|12.500/61|12. 400/74/12. 500}99|12. 500 — — —_+ — 


* Dimensions given are number of teeth and major diameters nearest under bearing bore. 


| 
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Appendix VII—Taper Applications 


Splines with Tapered Minor Diameter—One of the special 
applications is a minor-diameter fit, where the minor diameter is 
machined on a taper, to obtain tight fits which are also readily 
removable. In all such applications, the dimensions in the 
Standard should be used for the large end of the tapered internal- 
spline fitting. Figs. 12, 13, and 14 show the assembly and the two 


_ splined members. 


Internal Spline—The dimensions in Col 39 are basic, but since 


_ the fit in this case is not on the cylindrical minor diameter, use 


Col 6 for the minor diameter with the tolerance from Col 37. 
Use Col 9A for the major diameter. No chamfers are needed. 


_ Use Col 10 for TF diameter and col 14 for the pin measurements. 


External Spline—Use dimensions in Col 21 with tolerance from 


~ Col 39 for taper applications. Use Col 24 for major diameter. 


Pin measurements from either Col 28 or 29 may be used, but 
Col 29 is suggested as desirable for close fits. Use Col 27 for 
TIF diameter. 

General—For both internal and external members, use Col 
2 and 3 for the dimensions at the large end of the internal spline, 
and the entering end of the external spline. 

Taper—The magnitude of the taper is dependent on the neces- 
sity of easy removal or the desire for a permanent fit. The length 
of the hub and the diametral pitch best suited for the design will 
also influence the selection of the taper. 

A taper of 3 in. per ft (included angle) is recommended for 


_ parts that must be easily removed. A taper of 1.5 in. per ft (in- 


cluded angle) will develop maximum strength. A straight land 
(B in Fig. 14) is desirable, in the processing of the internal spline, 


VLLLLLLLL hdd 


Fic. 12—Tarrr AssEMBLY 


Fic. 13—Tarrer, ExTeRNAL SPLINE 


for a tool guide as well as for gaging. A basic plane, located at the 
basic diameter of the taper, may be used to set up a tolerance 
dimension to a critical shoulder on the shaft as well as a critical 
face on the hub. 

The dimensions for the land and spline length are easily calcu- 
lated by using the ratio of the length to the depth of half the 
included angle of the taper. 


Col 4 — Col 21 
zo (Stoe 


(Sta i ) 
C—O 


x ratio) + draw 


2 


B= (ee x rato) + draw 

Tools—The same broach required for involute splines will also 
be used for tapered splines. The neck of the broach must be proc- 
essed with proper tolerance for a precision sliding fit in- the 
straight or land portion of the taper hole. The shaping tools for 
straight splines are applicable for the tapered type. 

Hobs are made for the tapered minor diameter, based on the 
30-deg pressure angle involute form, and they will correctly cut 
a spline of any standard pitch diameter and any conventional 
included angle. 


Fig. 14—Tarnr, INTERNAL SPLINE 
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Involute Serrations 


SAE Standard 


Report of Parts and Fittings Division approved August 1922 and last revised by Parts and Fittings Technical Committee January 1950, This SAE 


Standard conforms with American Standard for Involute Serrations, ASA B5.26-1950. 


[This SAE Standard and American Standard ASA B5.26-1950 
are in accord with the exception of the system of numbering the tables; 
the numbers of corresponding tables in the two standards are given 
below. 


Corresponding Tables 


Title SAE Amer Std 
‘Tooth#Dimensions *.cqncme en tee ee 1 1 
Allowable; Hrrore. 9) Salt teeter aie 7 2 
Basie; Dataititentecc te ncn voto aen ceed 3 3 
10/20) Diametral Pitch, -aaaey ce eee 4 4,5 
16/32: Diametral Pitch = 5 oe oe ee 5 Ov 
24/48 Diametral* Pitches: 42. ..ae ose ok ee 6 8,9 
827/64 Diametral seit wane eee ee eee 7 10 
40/80 Diametral Pitchian 2.) .2 ee eee ee 8 11 
48/06 Diametrall Pitches ae een ee 9 12 
64/128 DiametralPitehs. aa: Jeaieee. dances « 10 13 
80/160 Diametral Pitch................... 10 13 
128/256 Diametral Ritch. &. sn) seer 10 13 
Internal Serration, Maximum Space Width... 11 14 
Basic Measurements, Internal.............. 12 15 
External Serration, Minimum Tooth Thick- 

MESS Pcaenel, Leer weackd. hae ei eet ee 13 16 
Basic Measurements, External............. 14 17 
ob Dimensions esses ake elec eee ee 15 18 
Angle cA. ga Wes 3 aie c Se Se ele eke oe 16 19 


All figures are the same in both standards although SAE Figs. 2, 
3, 4, and 5 are ASA Figs. 4, 5, 2, and 8, respectively.) 


Key to Abbreviations 

R; Rad—Radius 

Ref—Reference 

TIF—True Involute 
Form 


Int—Internal 
Inv—Involute 
Meas—Measurement 


Circe—Circular 
Col—Column 
Ext—Ecxternal 


1. Definition and Scope—Involute serrations are multiple 
keys in the general form of internal and external involute gear 
teeth, used for permanent fits between shafts and parts mounted 
thereon. The purpose of this standard is to provide a uniform, 
easily fabricated set of serrations that can be made by several 
manufacturing processes. 

The pitches included are 10/20, 16/32, 24/48, 32/64, 40/80, 
48/96, 64/128, 80/160, and 128/256, complete from 6 to 100 
teeth only for the first three. The scope is from 0.10 diameter 
to 10.00 diameter. : 

2. Nomenclature—The nomenclature (Fig. 1) agrees as nearly 
as possible with that adopted by the American Gear Manu- 
facturers Association and the American Standards Association 
and corresponds exactly with the SAE Standard for Involute 
Splines. 

3. Pressure Angle—The pressure angle for all serrations is 
45 deg. 

4. Basic Tooth Form—All serrations are based upon involute 

1 In internal serrations for fie diametral pitches, particularly with a large number 


of teeth, the involute curve will sper: a straight line, and a straight profile is 
acceptable in this Standard. (See Appendix II) 


form as generated with a straight-sided hob of the form included 
in this standard.} 

5. Tooth Dimensions—The basic dimensions are diametral 
pitch, pitch diameter, circular pitch, major diameter (of external 
serration), minor diameter (of external serration), and addendum 
(of external serration). (See Tables 1 and 2) 

The special dimensions are circular tooth thickness and width 
of space and both major and minor diameter of the internal 
serration. 

The dimensions for the internal serration are held the same 
for all fits, and the external serration is varied to obtain the 
desired fit. Just 

Modifications are made to obtain equally strong teeth in both 
members and at the same time retain even steps of major diam- 
eter in ordinary fractions. 

6. Basic Formulas 


Pitch diameter, Dis * 
Circular pitch, pie 
P 
J 
Major diameter, external, Do = “2 
Minor diameter, external, Dr = ws 
Lt 
True involute-form diameter, internal, TJF= we 
True involute-form diameter, N — 0.70 
TIF = ———— 
external, P 
N + 1.40 
Major diameter, internal, Do = ae 
Minor diameter, internal, Dro zl Ss 
Addendum, external, :) _ 0.500 
Dedendum, external, jie pa: 
0.300 
Addendum, internal, aq = pr 
7 
Dedendum, internal, bh = oes 
0.5 0.20 
Circular space width, internal, tt = Z - 


7. Tables—Table 3 shows basic dimensions from which the 
dimensions for any serration may be calculated. Some of the 
data apply equally to all diametral pitches, and some must be 
divided by the diametral pitch for direct use. 

Tables 4 to 10 inclusive show all dimensions for three classes 
of fits. All dimensions are inversely proportional to diametral 
pitch, except measurement over pins for the external serrations 
and tolerances given at the heading of the columns. 

Table dimensions have been rounded off by using the last 
figure (fourth place) retained unchanged if that which follows 
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Dimensional and Effective Clearances for 25 Teeth 
crass A cLAss B cLass C 
DIAMETRAL PITCH Dimensional Effective clearance Dimensional Effective clearance Dimensional Effective clearance 
Max Min Max Max Min Max Max Min Max 
10/20 0.0067 0.0005 0.0030 0.0052 —0.0010 0.0015 0.0032 —0.0030 —0.0005 
16/32 0.0065 0.0005 0.0030 0.0050 —0.0010 0.0015 0.0030 —0.0030 —0.0005 
24/48 up 0.0059 0.0005 0.0025 0.0044 —0.0010 0.0010 0.0024 —0.0030 —0.0010 


® Based on using 60% of all allowable errors cumulatively, not including lead. 


is less than 5, and increasing the last figure (fourth place) to the 


next larger when the following figure is 5 or more. 


All dimensions are in inches. 

.8 Measurement of Tooht Thickness—Tooth thickness is 
determined by measuring over pins for the external and between 
pins for the internal serrations. The diameter of the pins is 
optional within a narrow range. It is not necessary that a pin 
contact exactly at the pitch circle. For the sake of uniformity 
and to follow a satisfactory practice, this standard incorporates 
a recommended pin diameter indicated at the top of each table. 
Measurements with pins will not check spacing errors, and these 
must be determined by other means. 

9. Classes of Fits—There are three classes of fit: loose, close, 
and press. These are designated in the Standard as Classes A, 
B, and C respectively. 

10. Fillets 

External Serratton—The fillet for the minor diameter is formed 
by the generating action of the hob or shaper cutter. In the 
heading for each table will be found the radius recommended 
for the cutting tool. The resulting fillet will not be a true radius 
and will always be larger than that of the tool. 

Internal Serrations—The radius of tool given in the table is 
recommended for use on the broach. The same radius, if used 
on a shaper cutter, will form a fillet which will not be a true 
radius and will always be larger than that of the cutter. 

11. Measurements With Pins—In Figs. 2 and 3 are given the 
formulas and methods used for calculating measurements over 
pins for external serrations and between pins for internal serra- 
tions. (See also Section 19) 

12. Drawings—It is important that uniform methods be 
used to show complete information on detail drawings. Figs. 
4 and 5 show the sections recommended, the placing of dimen- 
sions, and the involute-serration data required. Much trouble 
may be avoided by following this in detail. 

13. Tooth Spacing Errors—Errors of spacing should be checked 
with machines made for that purpose or checked with gages. 
(See also Sections 16 and 20) 

14. Cutters—Figs. 6, 7, and 8 show dimensions for hob, 
broach, and cutter teeth. These dimensions should be divided 
by the diametral pitch being used. 

15. Standard Fits (Effective)—The effective space width of the 
internal serration is equal to the dimensional space width minus 
a portion of the total of all the allowable errors, and likewise 
the effective tooth thickness of the external serration is equal 


20.0017 is 60% of total allowable errors (Table 2) when N equals zero. 

3 The factors £ and F refer to the ratio Pes change of over-pin measurement to the 
change of circular tooth thickness, and is aoe sae 
+ 


far the internal serration. (See Figs. 2 and 3) 


for the external serration and 


to the dimensional tooth thickness plus a portion of the total 
of all the allowable errors. (See Section 20) 

The effective clearance (positive or negative) between the 
two serrated parts is equal to the effective space width of the 
internal serration minus the effective tooth thickness of the 
external serration. The sign (—) indicates an interference. 

Tolerances in the tables are for a complete gaging system. 
For pin measurement and instrument checking, calculate as 
directed in Section 22. 

16. Tolerances—In the cutting of a serrated part, a machine- 
tool adjustment may vary the depth of cut and therefore the 
tooth thickness. The acceptable tolerance amounts are listed in 
Table 2. For any fit, the tolerances are added to the allowable- 
error total (see Section 22) in the calculation of space width 
and tooth thickness. The total of tolerance and errors provide 
the range for the manufacture of tools and gages. 

The fits and tolerance suggested in this standard are to be 
considered binding on a manufacturer or seller only when 
specifically agreed to in writing. 

17. Special Fits—When fits other than those given in the 
tables are required, proceed as follows: 

(a)—Subtract (algebraically) the desired minimum clearance 

from basic tooth thickness. This will be maximum. 
(b)—Add (algebraically) the desired minimum clearance to the 
value? 0.0017. Add to this amount the machining 
tolerance from Table 2. 

(c)—Substitute the result of (b), in ten thousandths, for the 
second figure in parenthesis in the appropriate formula, 
Section 22, and calculate tooth thickness. This will be 
minimum. 

(d)—Multiply result of (b) by factor H, and deduct product 

from appropriate basic pin measurement, Table 14. 
Result will be minimum measurement over pins. 

18. Tapered Serrations—The dimensions in this Standard 
should apply to the big end of the external or shaft and the big 
end of the internal or fitting. The degree of taper recommended 
is 0.750 in. per ft included angle, measured on the major diameter 
(see Fig. 9). 

19. Pin Measurements—For internal serrations, minimum 
pin measurements are not specified because they should not be 
the basis for rejection as long as effective size, controlled by 
gages, is not below the specified minimum. When it is not 
feasible to check effective sizes, a minimum pin measurement 
may be used equal to the maximum pin measurement minus 
the machining tolerance (Table 2) times factor? 7’. This minimum 
pin measurement may, however, be reduced as allowable errors 
are reduced. 

For external serrations, maximum pin measurements are not 
specified for the same reasons as above. A maximum pin measure- 
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ment may be used equal to the minimum pin measurement plus lowest readings of a dial indicator moving along the true involute 
the machining tolerance times factor E. curve in the plane of rotation and having a finger contacting the 

20. Allowable Errors active tooth profile. 

(a)—Accumulated Pitch Error (Spacing) is the greatest differ- (c)—Lead Error is a deviation of the teeth from the dimensional 
ence in any two teeth between the actual and theoretical tooth lead of serration per unit of face width. Lead error is usually — 
spacing on the same circle. Measurements are taken from one measured by traversing a dial indicator along the tooth face 
pitch point selected as reference to the corresponding points on normal to the pitch line and parallelto the axis of the serration. 
all other teeth and will be affected by involute error and out of (d)—Out of Roundness is the difference between the maximum 
roundness. and minimum measurements over or between pins. 


(b)—Profile Error is the difference between the highest and (e)—Application of Errors. Experience has shown that not all 


INTERNAL EXTERNAL 
SERRATION SERRATION 


WAAL Le 


: WE if N 
¢ S\N ve 4 


z 


P = diametral pitch M; = measurement between pins, internal serration 

p = circular pitch ; @ = pressure angle at pitch line 

a = addendum external N = number of teeth 

a, = addendum internal D = pitch diameter 

b = dedendum external D, = base-circle diameter 

b; = dedendum internal D, = major diameter 

h = total depth Dz = minor diameter 

t = circular tooth thickness d = measuring-pin diameter 

t; = circular space width TIF = diameter at junction of involute form with fillet 
M. = measurement over pins, external serration randr; = approximate radius of fillet 


Fic. 1—TootH NOMENCLATURE 


LL 


of the possible extremes will occur at one time, so that instead of 


using the total of all errors, 60% has been adopted as a fair 


| maximum for computing effective fits. (See Table 2 for applica- 

| tion of errors to fits.) 

, 21. Special Allowances—The errors in Table 2 are based on 

| Class 3 of American Standard for Gear Tolerances and Inspec- 
| tion, ASA B6.6-1946. If less accuracy can be permitted, use 


|| 183% of the errors in Table 2, and if greater accuracy is re- 
quired, use 66% of those errors. In all cases, use 60% of the total 
| for calculating effective fits. 
Since internal serration is usually broached, 66% of the table 
_ allowances may be used for mass production with the consent of 
the broach maker. : 
22. Space-Tooth Thickness; Formulas—When the three allow- 
able errors of profile, pitch, and out-of-roundness effect on ¢ 
are added, the result is a gradually increasing amount approxi- 
mated by the formulas given below which incorporate 60% of 
the total amount, excepting lead. These formulas are used for 


M, (N'- EVEN) 


M, (N= ODD) 


metral pitch used, as above, and multiply quotient by 10. 
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calculating space width and tooth thickness in Tables 11 and 13. 


Dp Sorte INTERNAL® = ioe 
Class A Class B Class C 
10/20 Basic Basic Basic Basic 
+(0.072N | —(0.06N — (0.06N — (0.06N 
+26) +37) +22) +2) 
16/32 Basic Basic Basic Basic 
+(0.048N | —(0.036N | —(0.036N | —(0.036N 
+26) +37) +22) +2) 
24/48 Basic Basic Basic Basic 
+(0.0386N | —(0.018N | —(0.018N | —(0.018N 
+26) +32) +17) —3) 
32/64-128/256 Basic Basic | Basic Basic 
+ (0.024N —(0.012N | —(0.012N | —(0.012N 
+26) +32) +17) —3) 
® Result will be in ten thousandths of ane 
@ = pressure angle at D, 45 deg 
¢e = pressure angle at pin center (deg) 
d = pin diameter 
D»y = base-circle diameter (D cos 45 deg) 
t = circular tooth thickness 
in ge einy eh (1) 
nv ¢ = Inv DtD N 
If N is even, use 
D * 
M. = D;* sec ¢et#, or : (2) 
COS de 
If N is odd, use 
90° 
M,. = D;* sec ¢- cos — +d, 
N 
90° 
D,* cos WV 
On Se a (3) 
COS ge 
Example: 
Standard dimensions for V=20, P=10/20, Class B fit, d = 0.1920 
Basic tooth thickness = 0.1771 
Allowable errors (Table 13) = 0.0023 
Minimum tooth thickness t = 0.1748 
0.1920 0.1748 
20:2 2 + —— + —— — (0.157080 = 0.280688 
FE Oot Tafa 2.0000 
be = 48.359307° 


M, = 1.4142 sec 48.359307° + 0.1920 = 2.3203 


* For all calculations, the base-circle diameter and the pitch diameter should be accurate to the sixth decimal place. To obtain this accuracy, divide the dimension for Dp 
in Table 3 by the diametral pitch P (numerator of fractional designation). To obtain D to the sixth decimal place, divide the pitch diameter from Table 4 or 5 by the dia- 


Fig. 2—Formunas ror Pin Measurements, ExTERNAL SERRATION 
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M; ('N'- EVEN) 
N; ('N'- ODD) 


$¢; = pressure angle at pin center (deg) 


ls 


circular space width, basic 


d = pin diameter 


Ure el! 
i= Sete ees 4 
Inv ¢ Inv 45 ae Ds (4) 
If N is even, use 
D * 
M; = D,* sec ¢; —d, or ne (5) 
cos 
If N is odd, use 
M; = D»* sec $i c08 —d, 
Ds* cos — 
: N 
or ————— -— 4 (6) 
COs $5 
Example: 
Standard dimensions for N=20, P=10/20, internal 
serrations, d = 0.1920 
Basic space width = 0.1771 
Allowable errors (Table 11) = 0.0047 
Maximum space width t. = 0.1798 
0.1798 0.1920 
«= 0.214602 +——— — —— = 0. 
Inv ¢ 0.21460 Bar 14149 0.168736 
oi = 42.096509° 


M; = 1.4142 sec 42.096509° — 0.1920 = 1.7139 


_ *For all calculations, the base-circle diameter and the ‘pitch diameter should be accurate to the sixth decimal place. To obtain this accuracy, divide the dimension for Dp 
in Table 3 by the diametral pitch P (numerator of fractional designation). To obtain D to the sixth decimal place, divide the pitch diameter from Table 4 or 5 by the dia- 


metral pitch used, as above, and multiply quotient by 10. 


Fic. 3—Formu.as ror Pin MBASUREMENTS, INTERNAL SERRATION 
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TABLE 1—Basic Tooth Dimensions 


EXTERNAL INTERNAL SERRATION MINIMUM MAXIMUM EFFECTIVE TOOTH THICKNESS 
DIAMETRAL PITCH ADDENDUM, CIRCULAR PITCH| EFFECTIVE eur poaieeee 
DEDENUS Addendum Dedendum SPACE Class of Fit 
P a=b a by ay ts A B © d 

1/2 0.5000 0.3000 0.7000 3.1416 1.7703 1.7703 1.7718 1.7738 1.9200 
10/20 0.0500 0.0300 0.0700 0.3142 0.1771 0.1766 0.1781 0.1801 0.1920 
16/32 0.0313 0.0188 0.0438 0.1963 0.1107 0.1102 0.1117 0.1137 0.1200 
| 24/48 0.0208 0.0125 0.0292 0.1309 0.0738 0.0733 0.0748 0.0768 0.0800 
32/64 0.0156 0.0094 0.0218 0.0982 0.0553 0.0548 0.0563 0.0583 0.0600 
40/80 0.0125 0.0075 0.0175 0.0785 0.0443 0.0438 0.0453 0.0473 0.0480 
| 48/96 0.0104 0.0063 0.0145 0.0654 0.0369 0.0364 0.0379 0.0399 0.0400 
64/128 0.0078 0.0047 0.0109 0.0491 0.0277 0.0272 0.0287 0.0307 0.0300 
80/160 0.0063 0.0038 0.0088 0.0393 0.0221 0.0216 0.0231 0.0251 0.0240 
128/256 0.0039 0.0023 0.0055 0.0245 0.0138 0.0133 0.0148 0.0168 0.0150 


TABLE 2—Allowable Errors® 


LEAD ERRORS 
DIAMETRAL PITCH eee SES eels Les Length of serration 
0 to 0.49 0.50 to 1.24 1.25 to 2.49 2.50 to 3.99 4,00 to 5.24 5.25 to 6.50 
10/20 5 15 0 3 3 4 5 6 
16/32 5 15 0 3 3 4 5 6 
24/48 5 15 0 3 3 4 5 6 
32/64 up 5 15 0 3 3 4 5 6 
OUT OF ROUNDNESS—INTERNAL MACHINING TOLERANCE 
Number of Teeth 
6 8 10 12 14 16 20 25 30 35 40 45 50 60 70 80 90 100 Internal 
10/20 COOL Oe SaOmlOretOri lt? “12 1st814 Wt<L7')18* —19 10 
16/32 HOumcOueONenOn) Olek See FeriOe 10 210 LR Stev12 A3e13.! 1415 10 
( 24/48 TOMO Ol 9) S9bQLoue Seo. O89 10: IO 1OM1T 110512" 138" 13 10 
32/64 up COMES OM TOeerSn Se One 6: 9-9 9 = 9 9110 10 TL . IL 10 
OUT OF ROUNDNESS—EXTERNAL 
Number of Teeth 
6 -~--8—_10..12-14 16 20 25 30 35 40 45 50 60 70 80 90 100 External 
10/20 mon Om OMG 10h tl) 19 912) 13 1S 14 15 1G) 17°18. 19 15 
16/32 Se omeno Orm One OO IO 10 iis At AN 12 2 N30 Ta 4 15 15 
24/48 Semen Oo Oe O10) 10) 10) 10n7 10, tt A 12 12 10 
32/64 up SOAS Sees roe OL On O49) 9) 10) 10. JO 10) 10 TT Td 10 


_ * All table figures are ten thousandths of inch. Add the profile error, accumulated pitch error, and the out of roundness divided by F or Z. If serration is longer than its pitch 
diameter, a lead error may be added. 


546 INVOLUTE SERRATIONS 
TABLE 3—Basic Data 
1/2 DP ALL DIAMETRAL PITCHES 1/2 DP ALL DIAMETRAL PITCHES 

Int and ext Ext Int and ext Int Ext Int and ext Ext Int and ext Tat Ext 

N Ds par fee cos ~ hy 3 = N in3 eer ae = ;, 4 = 

1 2 3 4 5 6 7 1 2 3 4 5 6 7 
6 4.242641] 9.1631 0.452548] 0.295133) 0.523599 51 36 062446] 54.2230) 0.999526| 0.053241) 0.034722| 0.061600 
7 4.949747; 9.9666 | 0.974928) 0.387899) 0.252971] 0.448799 . 52 = (86. 769553] 55.2481 0.052217) 0.034054| 0.060415 
8 5.656854) 11.1820 0.339411) 0.221350} 0.392699 53 -|37.476659| 56.2245) 0.999561] 0.051232) 0.033411} 0.059275 
9 6.363961} 12.0330 | 0.984808] 0.301699} 0.196756] 0.349066 54 = |88. 183766} 57.2487 0.050283) 0.032793) 0.058178 
10 7.071068] 13.1949 0.271529} 0.177080; 0.314159 55: |138.890873) 58.2260) 0.999592) 0.049369] 0.032196} 0.057120 
11 7.778175] 14.0749 | 0.989821] 0.246845) 0.160982} 0.285599 56 =: |89..597980} - 59.2492 0.048487) 0.031621) 0.056100 
12 8.485281} 15.2042 0.226274! 0.147567) 0.261799 57 =: |40.305087| 60.2273) 0.999620) 0.047637) 0.031067| 0.055116 
13 9.192388} 16.1039 | 0.992709] 0.208868] 0.136215} 0.241661 58 41.012193} 61.2497 0.046815) 0.030531) 0.054165 
14 9.899495) 17.2114 0.193949) 0.126486} 0.224399 59 41.719300| 62.2286] 0.999646) 0.046022) 0.030014) 0.053247 
15 10.606602} 18.1251 | 0.994522) 0.181019) 0.118053} 0.209440 60 |42.426407) 63.2502 —_ | 0.045255] 0.029513] 0.052360 
16 11.313708] 19.2170 0.169706) 0.110675} 0.196350 61 43133514 64.2297} 0.999668] 0.044513} 0.029030) 0.051502 
17, 12.020815} 20.1413 | 0.995734] 0.159723) 0.104165} 0.184800 62 /43.840620) 65.2506 0.043795} 0.028561) 0.050671 
18 12.727922| 21.2215 0.150849) 0.098378) 0.174533 63  |44.547727| 66.2308] 0.999689} 0.043100] 0.028108] 0.049867 
19 13.435029| 22.1541 | 0.996584! 0.142910) 0.093200} 0.165347 64 |45.254834| 67.2510 0.042426) 0.027669) 0.049087 
20 14. 142136] 23.2253 0.135764] 0.088540} 0.157080 65 |45.961941] 68.2319) 0.999708} 0.041774] 0.027243) 0.048332 
21 14.849242) 24.1645 | 0.997204] 0.129300) 0.084824} 0.149600 66 |46.669048) 69.2514 0.041141] 0.026830) 0.047600 
22 15. 556349] 25.2284 0.123422) 0.080491; 0.142800 67 =‘ |47.376154) 70.2328) 0.999725) 0.040527] 0.026430! 0.046889 
23 16 263456} 26.1731 | 0.997669] 0.118056] 0.076991) 0.136591 68 48 .083261} 71.2518 0.039931] 0.026041| 0.046200 
24 16 .970563} 27.2311 0.113137) 0.073783) 0.130900 69 |48.790368} 72.2337) 0.999741) 0.039352! 0.025664) 0.045530 
25 17 .677670} 28.1804 | 0.998027] 0.108612) 0.070832} 0.125664 70 |49.497475| 73.2521 0.038790} 0.025297} 0.044880 
26 18384776} 29.2334 0.104434) 0.068108} 0.120830 el 50.204581| 74.2346) 0.999755) 0.038244] 0.024941! 0.044248 
27 19.091883} 30.1865 | 0.998308] 0.100566] 0.065585} 0.116355 72  |50.911688]} 75.2525 0.037712) 0.024594! 0.043633 
28 19.798990| 31.2354 0.096975] 0.063243) 0.112200 73 |51.618795) 76.2354) 0.999768) 0.037196) 0.024258} 0.043036 
29 20506097) 32.1918 | 0.998533) 0.093631] 0.061062} 0.108331 74 |52.325902} 77.2528 0.036693} 0.023930) 0.042454 
30 21.213203) 33.2372 0.090510) 0.059027} 0.104720 75  |53.033009| 78.2362] 0.999781} 0.036204| 0.023611) 0.041888 
31 21.920310) 34.1965 | 0.998717} 0.087590) 0.057123] 0.101342 76 =|58.740115} 79.2531 0.035728) 0.023300) 0.041337 
32 22.627417| 35.2387 0.084853) 0.055338} 0.098175 77 ~—-|54.447222) 80.2369) 0.999792) 0.035264) 0.022997) 0.040800 
33 23.334524| 36.2006 | 0.998867} 0.082282) 0.053661) 0.095200 78  =|55.154329| 81.2533 0.034811) 0.022703) 0.040277 
34 24.041631) 37.2401 0.079861) 0.052082} 0.092400 79 |55.861436} 82.2376] 0.999802) 0.034371) 0.022415} 0.039767 
35 24.748737| 38.2042 | 0.998993] 0.077580) 0.050594) 0.089760 80 |56.568542| 83.2536 0.033941) 0.022135) 0.039270 
36 25.455844) 39.2414 0.075425) 0.049189} 0.087266 81 57 .275649] 84.2383) 0.999812} 0.033522) 0.021862| 0.038785 
37 26. 162951} 40.2074 | 0.999099] 0.073386] 0.047859] 0.084908 82 = |57.982756|} 85.2539 0.033113} 0.021595) 0.038312 
38 26 .870058| 41.2425 0.071455) 0.046600} 0.082673 83  |58.689863} 86.2389] 0.999821) 0.032714) 0.021335) 0.037851 
39 27.577164| 42.2103 | 0.999189} 0.069623) 0.045405) 0.080554 84 |59.396970} 87.2541 0.032325] 0.021081} 0.037400 
40 28 .284271| 43.2435 0.067882) 0.044270) 0.078540 85 60. 104076) 88.2395) 0.999829) 0.031945) 0.020833) 0.036960 
Al 28 .991378) 44.2129 | 0.999266] 0.066227) 0.043190] 0.076624 86 |60.811183) 89.2544 0.031573} 0.020591) 0.036530 
42 29 698485] 45.2445 0.064650) 0.042162) 0.074800 87 —|61.518290} 90.2401) 0.999837) 0.031210) 0.020354} 0.036110 
43 30405592) 46.2153 | 0.999333] 0.063146] 0.041181! 0.073060 88  |62.225397) 91.2546 0.030856) 0.020123) 0.035700 
44 31.112698] 47.2453 0.061711) 0.040245} 0.071400 89  |62.932504; 92.2406] 0.999844! 0.030509} 0.019897] 0.035299 
45 31.819805) 48.2175 | 0.999391) 0.060340) 0.039351) 0.069813 90 |63.639610) 93.2548 0.030170} 0.019676) 0.034907 
46 32.526912) 49.2461 0.059028} 0.038496} 0.068295 91 64.346717} 94.2411] 0.999851} 0.029838) 0.019459} 0.034523 
AT 33.234019) 50.2195 | 0.999442) 0.057772) 0.037677] 0.066842 92 165.053824) 95.2550 0.029514} 0.019248) 0.034148 
48 33.941125| 51.2468 0.056569) 0.036892) 0.065450 93 |65.760931) 96.2416) 0.999857} 0.029197) 0.019041) 0.033781 
49 34.648232| 52.2213 | 0.999486] 0.055414! 0.036139] 0.064114 94 |66.468037| 97.2552 0.028886] 0.018838) 0.033421 
50 35.355339| 53.2474 | 0.054306} 0.035416) 0.062832 95  |67.175144| 98.2421) 0.999863} 0.028582) 0.018640} 0.033069 
96 |67.882251} 99.2554 0.028284] 0.018446] 0.032725 
Constants 97  |68.589358} 100.2426} 0.999869! 0.027993} 0.018256] 0.032388 
m = 3.141593 98  |69.296465) 101.2556 0.027707} 0.018069) 0.032057 
cos 45 deg = 0.707107 99  |70.003571} 102.2430} 0.999874! 0.027427} 0.017887| 0.031733 
Inv 45 deg = 0.214602 100 = |70.710678} 103.2557 0.027153} 0.017708} 0.031416 
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CIRCULAR : eer MIN |NOTE 2 


THICKNESS (REF) .xxxx MAX EFFECTIVE WITH GAGE 


SPECIFY CLASS FIT 


«xxx -R APPROX 


TOOTH FORM 


{ 
| SHALL BE A 
-~=-, TRUE INVOLUTE 
MoXXXX \ (REF) OUTSIDE THIS 
MIN DIA 
OVER XeXXX 
Pi NS XK eXXX XeoXXX 
NOTE |! MAJOR TIF 
DIA 


Fig. 4—Dimensionine Drawinec, EXTERNAL SERRATION 


CIRCULAR -xxxx MAX | NOTE 3 


WIDTH (REF) .xxxx MIN EFFECTIVE WITH GAGE 


LZ O <2 
IZ, x CS 
(77 BRK: BOG 
W; aes : xxx R NS) Ley 
MAJOR APPROX x 
x oXXKX DIA ~ 
eee XoXKXKX 
: PD 
MINOR 
MoXKXX DI (REF) 
MAX 
NOTE |} BETWEEN ee 
PINS / iE 


TOOTH FORM SHALL BE 
A TRUE INVOLUTE 
~ INSIDE THIS DIA 


Fie. 5—Dimensionine Drawine, INTERNAL SERRATION 


Notes for Figs. 4 and 5: (Boxed notes are for instruction only) 
Note 1—See Section 19 and Table 2 for machining tolerances. 
Note 2—Obtain tooth thickness from Tables 1 and 13. 
Note 3—Obtain space width from Tables 1 and 11. 
Note 4—The data below should be given for both internal and external serrations. See Table 2. 


Numberot deethary fans, ade eeokm cee XX 
Diametral pitch............. Atal GO oe ERE xx/XxX 
IBTOSSITe ANG 1G Sry qeer ote sear oe a soe" 
Base-circle diameter.....................-.-: X.XXXX 


Maximum out of roundness.................. XXXX 

Maximum cumulative pitch error (any two 
BCOLII eet ee eer Re” a Saree ey, eee Sete XXXX 

Maximum involute profile error.............. XXXX 


Naan IESG CTEORTS <i ie td nk stones ace 
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TABLE 4—10/20 Diametral Pitch 


10/20 Diametral Pitch | Circular Pitch, 0.3142 Addendum, External, 0.0500 
Pressure Angle, 45° Circular Tooth Thickness, 0.1771 Addendum, Internal, 0.0300 
Cutting-tool radius, 0.045 | Measuring-pin diameter, internal and external, 0.1920 
INT AND EXT INTERNAL EXTERNAL 
Pitch | Bee Major | Minor TIF Nees Major Minor TIF Measurement 
N diam diain diam diam diam between diam diam diam over pins Factor E 
in: 
Ref Ref Min Min Min ais Basic Max Max Class A | Class B | Class C 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Recommended tolerance— ~o'0000 | “0.0000 Max | Fos100 | to‘ot00 Min | Min | Min 
6 0.6000 | 0.4243 | 0.7400 | 0.5400 | 0.7100 | 0.3044 | 0.7000 | 0.5000 | 0.5300 | 0.9131 | 0.9144 | 0.9161 0.872 
7 0.7000 | 0.4950 | 0.8400 | 0.6400 | 0.8100 | 0.3923 | 0.8000 | 0.6000 | 0.6300 | 0.9934 | 0.9948 | 0.9965 0.884 
8 0.8000 | 0.5657 | 0.9400 | 0.7400 | 0.9100 | 0.5088 | 0.9000 | 0.7000 | 0.7300 | 1.1149 | 1.1162 | 1.1180 0.893 
9 0.9000 | 0.6364 | 1.0400 | 0.8400 | 1.0100 | 0.5978 | 1.0000 | 0.8000 | 0.8300 | 1.2000 | 1.2013 | 1.2031 0.901 
10 1.0000 | 0.7071 | 1.1400 | 0.9400 | 1.1100 | 0.7108 | 1.1000°| 0.9000 | 0.9300 | 1.3161 al: .3174 | 1.3192 0.908 
11 1.1000 | 0.7778 | 1.2400 | 1.0400 | 1.2100 | 0.8012 | 1.2000 | 1.0000-} 1.03007) 1.4040 | 1.4054 | 1.4072 0.914 
12 1.2000 | 0.8485 | 1.3400 | 1.1400 | 1.3100 | 0.9120 | 1.3000 | 1.1000 | 1.1300 | 1.5169 | 1.5183 | 1.5201 0.919 
13 1.3000 | 0.9192 | 1.4400 | 1.2400 | 1.4100 | 1.00385 | 1.4000 | 1.2000 | 1.2300 | 1.6069 | 1.6083 | 1.6101 0.924 
14 1.4000 | 0.9900 | 1.5400 | 1.3400 | 1.5100 | 1.1126 | 1.5000 | 1.3000 | 1.3300 | 1.7176 | 1.7190 | 1.7208 0.928 
15 1.5000 | 1.0607 | 1.6400 | 1.4400 | 1.6100 | 1.2053 | 1.6000 | 1.4000 | 1.4300 | 1.8090 | 1.8104 | 1.8122 0.931 
16 1.6000 | 1.1314 | 1.7400 | 1.5400 | 1.7100 | 1.3132 | 1.7000 | 1.5000 | 1.5300 | 1.9182 | 1.9196 | 1.9214 0.935 
17 1.7000 | 1.2021 | 1.8400 | 1.6400 | 1.8100 | 1.4066 | 1.8000 | 1.6000 | 1.6300 | 2.0105 | 2.0119 | 2.0138 0.938 
18 1.8000 | 1.2728 | 1.9400 | 1.7400 | 1.9100 | 1.5136 | 1.9000 | 1.7000 | 1.7300 | 2.1186 | 2.1200 | 2.1219 0.941 
19 1.9000 | 1.3435 | 2.0400 | 1.8400 | 2.0100 | 1.6076 | 2.0000 | 1.8000 | 1.8300 | 2.2118 | 2.2132 | 2.2151 0.943 
20 2.0000 | 1.4142 | 2.1400 | 1.9400 | 2.1100 | 1.7139 | 2.1000 | 1.9000 | 1.9300 | 2.3189 | 2.3203 | 2.3222 0.945 
21 2.1000 | 1.4849 | 2.2400 | 2.0400 | 2.2100 | 1.8086 | 2.2000 | 2.0000 | 2.0300 | 2.4129 | 2.4143 | 2.4162 0.948 
22 2.2000 | 1.5556 | 2.3400 | 2.1400 | 2.3100 | 1.91438 | 2.3000 | 2.1000 |} 2.1300 | 2.5192 | 2.5206 | 2.5225 0.950 
23 2.3000 | 1.6263 | 2.4400 | 2.2400 | 2.4100 | 2.0092 | 2.4000 | 2.2000 | 2.2300 | 2.6137 | 2.6151 | 2.6170 0.951 
24 2.4000 | 1.6971 | 2.5400 | 2.3400 | 2.5100 | 2.1144 | 2.5000 | 2.3000 | 2.3300 | 2.7195 | 2.7209 | 2.7228 0.953 
25 2.5000 | 1.7678 | 2.6400 | 2.4400 | 2.6100 | 2.2098 | 2.6000 | 2.4000 | 2.43800} 2.8143 | 2.8157 | 2.8176 0.955 
26 2.6000 | 1.8385 | 2.7400 | 2.5400 | 2.7100 | 2.3146 | 2.7000 | 2.5000 | 2.5300 | 2.9195 | 2.9210 | 2.9229 0.956 
27 2.7000 | 1.9092 | 2.8400 | 2.6400 | 2.8100 | 2.4102 | 2.8000 | 2.6000 | 2.6300 | 3.0150 | 3.0164 | 3.0183 0.958 
28 2.8000 | 1.9799 | 2.9400 | 2.7400 | 2.9100 | 2.5147 | 2.9000 | 2.7000 | 2.7300 | 3.1198 | 3.1212 | 3.1231 0.959 
29 2.9000 | 2.0506 | 3.0400 | 2.8400 | 3.0100 | 2.6107 | 3.0000 | 2.8000 | 2.8300 | 3.2155 | 3.2169 | 3.2188 0.960 
30 3.0000 | 2.1213 | 3.1400 | 2.9400 | 3.1100 | 2.7148 | 3.1000 | 2.9000 | 2.9300 | 3.3200 | 3.3214 | 3.3233 0.961 
31 3.1000 | 2.1920 | 3.2400 | 3.0400 | 3.2100 | 2.8110 | 3.2000 | 3.0000 | 3.0300 | 3.4159 | 3.4174 | 3.4193 0.962 
32 3.2000 | 2.2627 | 3.3400 | 3.1400 | 3.3100 | 2.9150 | 3.3000 | 3.1000 | 3.1300 | 3.5201 | 3.5216 | 3.5235 0.963 
33 3.3000 | 2.3335 | 3.4400 | 3.2400 | 3.4100 | 3.0114 | 3.4000 | 3.2000 | 3.2300 | 3.6163 | 3.6178 | 3.6197 0.964 
34 3.4000 | 2.4042 | 3.5400 | 3.3400 | 3.5100 | 3.1151 | 3.5000 | 3.3000 | 3.3300 | 3.7202 | 3.7217 | 3.7236 0.965 
35 3.5000 | 2.4749 | 3.6400 | 3.4400 | 3.6100 | 3.2118 | 3.6000 | 3.4000 | 3.4300 | 3.8166 | 3.8181 | 3.8200 0.966 
36 3.6000 | 2.5456 | 3.7400 | 3.5400 | 3.7100 | 3.3152 | 3.7000 | 3.5000 | 3.5300 | 3.9203 | 3.9218 | 3.9237 0.967 
37 3.7000 | 2.6163 | 3.8400 | 3.6400 | 3.8100 | 3.4120 | 3.8000 | 3.6000 | 3.6300 | 4.0170 | 4.0185 | 4.0204 0.968 
38 3.8000 | 2.6870 | 3.9400 | 3.7400 | 3.9100 | 3.5153 | 3.9000 | 3.7000 | 3.7300 | 4.1205 | 4.1220 | 4.1239 0.968 
39 3.9000 | 2.7577 | 4.0400 | 3.8400 | 4.0100 | 3.6123 | 4.0000 | 3.8000 | 3.8300 | 4.2172 | 4.2187 | 4.2206 0.969 
40 4.0000 | 2.8284 | 4.1400 | 3.9400 | 4.1100 | 3.7154 | 4.1000 | 3.9000 | 3.9300 | 4.3206 | 4.3221 | 4.3240 0.970 
41 4.1000 | 2.8991 | 4.2400 | 4.0400 | 4.2100 | 3.8125 | 4.2000 | 4.0000 | 4.0300 | 4.4175 | 4.4190 | 4.4209 0.971 
42 4.2000 | 2.9698 | 4.3400 | 4.1400 | 4.3100 | 3.9154 | 4.3000 | 4.1000 | 4.13800 | 4.5205 | 4.5220 | 4.5239 0.971 
43 4.3000 | 3.0406 | 4.4400 | 4.2400 | 4.4100 | 4.0127 | 4.4000 | 4.2000 | 4.2300 | 4.6176 | 4.6191 | 4.6210 0.972 
44 4.4000 | 3.1113 | 4.5400 | 4.3400 | 4.5100 | 4.1155 | 4.5000 | 4.3000 | 4.3300 | 4.7206 | 4.7221 | 4.7240 0.972 
45 4.5000 | 3.1820 | 4.6400 | 4.4400 | 4.6100 | 4.2128 | 4.6000 | 4.4000 | 4.4800 | 4.8179 | 4.8194 | 4.8213 0.973 
46 4.6000 | 3.2527 | 4.7400 | 4.5400 | 4:7100 | 4.3155 | 4.7000 | 4.5000 | 4.5300 | 4.9207 | 4.9222 | 4.9241 0.973 
47 4.7000 | 3.3234 | 4.8400 | 4.6400 | 4.8100 | 4.4130 | 4.8000 | 4.6000 | 4.6300 | 5.0181 | 5.0196 | 5.0215 0.974 
48 4.8000 | 3.3941 | 4.9400 | 4.7400 | 4.9100 | 4.5156 | 4.9000 | 4.7000 | 4.7300 | 5.1208 | 5.1223 | 5.1242 0.974 
49 4.9000 | 3.4648 | 5.0400 | 4.8400 | 5.0100 | 4.6132 | 5.0000 | 4.8000 | 4.8300 | 5.2182 | 5.2197 | 5.2216 0.975 
50 5.0000 | 3.5355 | 5.1400 | 4.9400 | 5.1100 | 4.7157 | 5.1000 | 4.9000 | 4.9300 | 5.3209 | 5.3224 | 5.3243 0.975 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
(Continued on next page.) 
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TABLE 4—10/20 Diametral Pitch (Concluded) 


549 


10/20 Diametral Pitch 
Pressure Angle, 45° 


| 


Circular Pitch, 0.3142 
Circular Tooth Thickness, 0.1771 


Addendum, External, 0.0500 
Addendum, Internal, 0.0300 


Cutting-tool radius, 0.045 


| 


Measuring-pin diameter, interna! and external, 0.1920 


INT AND EXT INTERNAL EXTERNAL 
Pitch oe Major Minor EE Meas Major Minor TIF Measurement 
N diam AVN diam diam diam between diam diam diam over pins Factor 
ins 
Ref Ref ‘Min Min Min ‘ Basic Max Max Class A | Class B Class C 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Recommended tolerance—> ar ooe rer Max RE ie ee Min Min Min 
51 5.1000 | 3.6062 | 5.2400 | 5.0400 | 5.2100 | 4.8134 5.2000 | 5.0000 | 5.0300 | 5.4184 | 5.4199 | 5.4218 0.976 
52 5.2000 | 3.6770 | 5.3400 | 5.1400 | 5.3100 | 4.9158 5.3000 | 5.1000 | 5.1300 | 5.5209 | 5.5224 | 5.5243 0.976 
53 5.3000 | 3.7477 | 5.4400 | 5.2400 | 5.4100 | 5.0135 5.4000 | 5.2000 | 5.2300 | 5.6186 | 5.6201 | 5.6220 0.977 
| 54 5.4000 | 3.8184 | 5.5400 | 5.3400) 5.5100 | 5.1158 | 5.5000 5.3000 | 5.3300 | 5.7210 | 5.7225 | 5.7244 0.977 
55 5.5000 | 3.8891 5.6400 | 5.4400 | 5.6100 | 5.2136 | 5.6000 5.4000 | 5.4300 | 5.8187 | 5.8202 | 5.8221 0.977 
56 5.6000 | 3.9598 | 5.7400 | 5.5400 | 5.7100 | 5.3158 5.7000 | 5.5000 | 5.5300 | 5.9210 | 5.9225 | 5.9244 0.978 
57 5.7000 | 4.0305 | 5.8400 | 5.6400 | 5.8100 | 5.4137 5.8000 | 5.6000 | 5.6300 | 6.0188 | 6.0203 | 6.0222 0.978 
58 5 3000 | 4.1012 | 5.9400 | 5.7400 | 5.9100 | 5.5159 5.9000 | 5.7000 | 5.7300 | 6.1211 | 6.1226 | 6.1245 0.979 
59 5.9000 | 4.1719 | 6.0400 | 5.8400 | 6.0100 | 5.6138 6.0000 | 5.8000 | 5.8300 | 6.2189 | 6.2204 | 6.2223 0.979 
60 6.0000 | 4.2426 | 6.1400 | 5.9400 | 6.1100 | 5.7159 6.1000 | 5.9000 | 5.9300 | 6.3210 | 6.3225 | 6.3244 0.979 
61 6.1000 | 4.3134 | 6.2400 | 6.0400 | 6.2100 | 5.8139 6.2000 | 6.0000 | 6.0300 | 6.4190 | 6.4205 | 6.4224 0.980 
! 62 6.2000 | 4.3841 | 6.3400 | 6.1400 | 6.3100 | 5.9159 6.3000 | 6.1000 | 6.1300 | 6.5211 | 6.5226 | 6.5245 0.980 
63 6.3000 | 4.4548 | 6.4400 | 6.2400 | 6.4100 | 6.0140 6.4000 | 6.2000 | 6.2300 | 6.6191 | 6.6206 | 6.6225 0.980 
64 6.4000 | 4.5255 | 6.5400 | 6.3400 | 6.5100 | 6.1159 6.5000 | 6.3000 | 6.3300 | 6.7211 | 6.7226 | 6.7245 0.980 
65 6.5000 | 4.5962 | 6.6400 | 6.4400 | 6.6100 | 6.2141 6.6000 | 6.4000 | 6.4300 | 6.8192 | 6.8207 | 6.8226 0.981 
66 6.6000 | 4.6669 | 6.7400 | 6.5400 | 6.7100 | 6.3160 6.7000 | 6.5000 | 6.5300 | 6.9211 | 6.9226 | 6.9245 0.981 
‘ 67 6.7000 | 4.7376 | 6.8400 | 6.6400 | 6.8100 | 6.4142 6.8000 | 6.6000 | 6.6300 | 7.0193 | 7.0208 | 7.0227 0.981 
68 6.8000 | 4.8083 | 6.9400 | 6.7400 | 6.9100 | 6.5160 6.9000 | 6.7000 | 6.7300 | 7.1212 | 7.1227 | 7.1246 0.982 
69 6.9000 | 4.8790 | 7.0400 | 6.8400 | 7.0100 | 6.6142 | 7.0000 6.8000 | 6.8300 | 7.2194 | 7.2209 | 7.2228 0.982 
70 7.0000 | 4.9497 | 7.1400 | 6.9400 | 7.1100 | 6.7160 7.1000 | 6.9000 | 6.9300 | 7.3212 | 7.38226 | 7.3246 0.982 
Le 7.1000 | 5.0205 | 7.2400 7.0400 | 7.2100 | 6.8143 7.2000 | 7.0000 | 7.0300 | 7.4195 | 7.4209 | 7.4229 0.982 
72 7.2000 | 5.0912 | 7.3400 | 7.1400 | 7.3100 | 6.9160 7.3000 | 7.1000 | 7.1300 | 7.5213 | 7.5227 | 7.5247 0.982 
73 7.3000 | 5.1619 | 7.4400 | 7.2400 | 7.4100 | 7.0144 7.4000 | 7.2000 | 7.2300 | 7.6195 |-7.6209 | 7.6229 0.983 
74 7.4000 | 5.2326 | 7.5400 | 7.3400 | 7.5100 | 7.1160 7.5000 | 7.3000 | 7.3300 | 7.7213 | 7.7227 | 7.7247 0.983 
75 7.5000 | 5.3033 | 7.6400 | 7.4400 | 7.6100 | 7.2144 7.6000 | 7.4000 | 7.4300 | 7.8195 | 7.8209 | 7.8229 0.983 
76 7.6000 | 5.3740 | 7.7400 | 7.5400 | 7.7100 | 7.3161 7.7000 | 7.5000 | 7.5300 | 7.9212 | 7.9226 | 7.9246 0.983 
i 7.7000 | 5.4447 | 7.8400 | 7.6400 | 7.8100 | 7.4146 7.8000 | 7.6000 | 7.6300 | 8.0196 | 8.0210 | 8.0230 0.984 
78 7.3000 | 5.5154 | 7.9400 | 7.7400 | 7.9100 | 7.5162 | 7.9000 7.7000 | 7.7300 | 8.1212 | 8.1226 | 8.1246 0.984 
79 7.9000 | 5.5861 | 8.0400 | 7.8400 | 8.0100 | 7.6146 | 8.0000 7.8000 | 7.8300 | 8.2197 | 8.2211 | 8.2231 0.984 
J 80 8.0000 | 5.6569 | 8.1400 | 7.9400 | 8.1100 | 7.7162 8.1000 | 7.9000 | 7.9300 | 8.3213 | 8.3227 | 8.3247 0.984 
81 8.1000 | 5.7276 | 8.2400 | 8.0400 | 8.2100 | 7.8147 8.2000 | 8.0000 | 8.0300 | 8.4197 | 8.4211 | 8.4231 0.984 
82 8.2000 | 5.7983 | 8.3400 | 8.1400 | 8.3100 | 7.9162 | 8.3000 8.1000 | 8.1300 | 8.5213 | 8.5227 | 8.5247 0.985 
\ 83 8.3000 | 5.8690 | 8.4400 | 8.2400 | 8.4100 | 8.0147 8.4000 | 8.2000 | 8.2300 | 8.6198 || 8.6212 | 8.6232 0.985 
i 84 8.4000 | 5.9397 | 8.5400 | 8.3400 | 8.5100 | 8.1162 | 8.5000 8.3000 | 8.3300 | 8.7213 | 8.7227 | 8.7247 0.985 
85 8.5000 | 6.0104 | 8.6400 | 8.4400 | 8.6100 | 8.2148 8.6000 | 8.4000 | 8.4300 | 8.8199 | 8.8213 | 8/8233 0.985 
} 86 8.6000 | 6.0811 | 8.7400 | 8.5400 | 8.7100 | 8.3162 | 8.7000 8.5000 | 8.5300 | 8.9213 | 8.9227 | 8.9247 0.985 
87 8.7000 | 6.1518 | 8.8400 | 8.6400 | 8.8100 | 8.4148 8.8000 | 8.6000 | 8.6300 | 9.0199 | 9.0213 | 9.0233 0.985 
| 88 8.8000 | 6.2225 | 8.9400 | 8.7400 | 8.9100 | 8.5162 8.9000 | 8.7000 | 8.7300 | 9.1214 | 9.1228 | 9. 1248 0.985 
89 8.9000 | 6.2933 | 9.0400 | 8.8400 9.0100 | 8.6149 | 9.0000 | 8.8000 | 8.8300 | 9.2200 9.2214 | 9.2234 0.986 
90 9.0000 | 6.3640 | 9.1400 | 8.9400 | 9.1100 | 8.7162 | 9.1000 8.9000 | 8.9300 | 9.3214 | 9.3228 | 9.3248 0.986 
91 9.1000 | 6.4347 | 9.2400 | 9.0400 | 9.2100 | 8.8150 | 9.2000 9.0000 | 9.0300 | 9.4200 | 9.4214 | 9.4234 0.986 
92 9.2000 | 6.5054 | 9.3400 | 9.1400 | 9.3100 | 8.9164 9.3000 | 9.1000 | 9.1300 | 9.5213 | 9.5227 9.5247 0.986 
93 9.3000 | 6.5761 | 9.4400 | 9.2400 | 9.4100 | 9.0151 9.4000 | 9.2000 | 9.2300 | 9.6200 | 9.6214 9.6234 0.986 
94 9.4000 | 6.6468 | 9.5400 | 9.3400 | 9.5100 | 9.1164 | 9.5000 9.3000 | 9.3300 | 9.7213 | 9.7227 | 9.7247 0.986 
95 9.5000 | 6.7175 | 9.6400 | 9.4400 | 9.6100 | 9.2151 | 9 6000 | 9.4000 | 9.4300 | 9.8200 | 9.8214 9.8234 0.986 
96 96000 | 6.7882 | 9.7400 | 9.5400 | 9.7100 | 9.3164 | 9.7000 9.5000 | 9.5300 | 9.9213 | 9.9227 | 9.9247 0.987 
97 9.7000 | 6.8589 | 9.8400 | 9.6400 | 9.8100 | 9.4151 | 9.8000 9.6000 | 9.6300 {10.0201 |10.0215 {10.0235 0.987 
98 9.8000 | 6.9296 | 9.9400 | 9.7400 | 9.9100 | 9.5164 | 9.9000 9.7000 | 9.7300 |10.1214 |10.1228 |10.1248 0.987 
99 9.9000 | 7.0004 |10.0400 | 9.8400 |10.0100 | 9.6152 {10.0000 9.8000 | 9.8300 |10.2201 |10.2215 |10.2235 0.987 
100 10.0000 | 7.0711 10.1400 | 9.9400 |10.1100 | 9.7164 10.1000 | 9.9000 | 9.9300 |10.3214 |10.3228 10.3248 0.987 


16/32 Diametral Pitch 


Pressure Angle, 45° 


INVOLUTE SERRATIONS 


TABLE 5—16/82 Diametral Pitch* 


Circular Pitch, 0.1963 
Circular Tooth Thickness, 0.1107 


Cutting-tool radius, 0.028 


Addendum, External, 0.0313 
Addendum, Internal, 0.0188 


eee 


| Measuring-pin diameter, internal and external, 0.1200 


INT AND EXT INTERNAL EXTERNAL 
Pitch Bates Major Minor TIF Meas Major Minor TI F Measurement 
N diam rea diam diam diam between diam diam diam over pins 
Ref Ref Min Min Min pie Basic Max Max ClassA | ClassB | ClassC 
i 2 3 4 5 6 7 8 9 10 il 12 13 
Recommended tolerance— pines Deen Max Bote Hao Min Min Min 
6 0.3750 | 0.2652 | 0.4625 | 0.3375 | 0 4438 | 0.1916 | 0.4375 | 0.3125 0.3313 | 0.5695 | 0.5708 | 0.5725 
7 0.4375 | 0.3094 | 0.5250 | 0.4000 | 0 5063 | 0.2462 | 0.5000 | 0.3750 | 0 3938 | 0.6196 | 0.6210 | 0.6227 
8 0.5000 | 0.3536 | 0.5875 | 0.4625 | 0 5688 | 0.3191 | 0.5625 | 0.4375 0.4563 | 0.6956 | 0.6969 | 0.6987 
9 0.5625 | 0.3977 | 0.6500 | 0.5250 0.6313 | 0.3747 | 0.6250 | 0.5000 0.5188 | 0.7488 | 0.7501 | 0.7519 
10 0.6250 | 0.4419 | 0.7125 | 0.5875 0.6938 | 0.4453 | 0.6875 | 0.5625 0.5813 | 0.8213 | 0.8227 | 0.8245 
11 0.6875 | 0.4861 | 0.7750 | 0.6500 | 0 7563 | 0.5019 | 0.7500 | 0.6250 | 0 6438 | 0 8763 0:8777 | 0.8795 
12 0.7500 | 0.5303 | 0.8375 | 0.7125 | 0 8188 | 0.5710 | 0.8125 | 0.6875 0.7063 | 0.9469 | 0.9483 | 0.9501 
13 0.8125 | 0.5745 | 0.9000 | 0.7750 | 0.8813 0.6283 | 0.8750 | 0.7500 | 0.7688 | 1 0031 | 1.0045 | 1.0063 
14 0.8750 | 0.6187 | 0.9625 | 0.8375 | 0.9438 0.6965 | 0.9375 | 0.8125 | 0.8313 | 1 0722 | 1.0736 | 1.0754 
15 0.9375 | 0.6629 | 1.0250 | 0.9000 | 1.0063 0.7544 | 1.0000 | 0.8750 | 0.8938 | 1 1293 | 1.1307 | 1.1325 
16 1.0000 | 0.7071 | 1.0875 | 0.9625 | 1.0688 0.8218 | 1.0625 | 0.9375 | 0.9563 1.1976 | 1.1990 | 1.2008 
17 1.0625 | 0.7513 | 1.1500 | 1.0250 | 1.1313 0.8802 | 1.1250 | 1.0000 | 1.0188 1.2552 | 1.2566 | 1.2585 
18 1.1250 | 0.7955 | 1.2125 | 1.0875 | 1.1988 0.9471 | 1.1875 | 1.0625 | 1.0813 1.3227 | 1.3241 | 1.3260 
19 1.1875 | 0.8397 | 1.2750 | 1.1500 | 1.2563 1.0059 | 1.2500 | 1.1250 | 1.1438 1.3810 | 1.3824 | 1.3843 
20 1.2500 | 0.8839 | 1.3375 | 1.2125 | 1.3188 1.0723 | 1.3125 | 1.1875 | 1.2063 1.4480 | 1.4494 | 1.4513 
21 1.3125 | 0.9281 | 1.4000 | 1.2750 | 1.3813 1.1314 | 1.3750 | 1.2500 | 1.2688 1.5067 | 1.5081 | 1.5100 
22 1.3750 | 0.9723 | 1.4625 | 1.3375 | 1.4438 1.1975 | 1.4375 | 1.3125 | 1.3313 1.5732 | 1.5746 | 1.5765 
23 1.4375 | 1.0165 | 1.5250 | 1.4000 | 1.5063 1.2567 | 1.5000 | 1.3750 | 1.3938 | 1 6322 | 1.6336 | 1.6355 
24 1.5000 | 1.0607 | 1.5875 | 1.4625 | 1.5688 1.3225 | 1.5625 | 1.4375 | 1.4563 | 1.6983 1.6997 | 1.7016 
25 1.5625 | 1.1049 | 1.6500 | 1.5250 | 1.6313 1.3821 | 1.6250 | 1.5000 | 1.5188 | 1.7577 1.7591 | 1.7610 
26 1.6250 | 1.1490 | 1.7125 | 1.5875 | 1.6938 1.4476 | 1.6875 | 1.5625 | 1.5813 | 1.8235 1.8249 | 1.8268 
27 1.6875 | 1.1932 | 1.7750 | 1.6500 | 1.7563 1.5074 | 1.7500 | 1.6250 | 1.6438 | 1.8830 1.8844 | 1.8863 
28 1.7500 | 1.2374 | 1.8375 | 1.7125 | 1.8188 1.5727 | 1.8125 | 1.6875 | 1.7063 | 1.9486 1.9500 | 1.9519 
29 1.8125 | 1.2816 | 1.9000 | 1.7750 | 1.8813 1.6226 | 1.8750 | 1.7500 | 1.7688 | 2.0083 2.0097 | 2.0116 
30 1.8750 | 1.3258 | 1.9625 | 1.8875 | 1.9438 1.6978 | 1.9375 | 1.8125 | 1.8313 | 2.0736 2.0751 | 2.0770 
31 1.9375 | 1.3700 | 2.0250 | 1.9000 | 2.0063 1.7579 | 2.0000 | 1.8750 | 1.8938 2.1336 | 2.1851 | 2.1370 
32 2.0000 | 1.4142 | 2.0875 | 1.9625 | 2.0688 1.8229 | 2.0625 | 1.9375 | 1.9563 | 2.1987 2.2002 | 2.2021 
33 2.0625 | 1.4584 | 2.1500 | 2.0250 | 2.1313 | 1.8832 2.1250 | 2.0000 | 2.0188 | 2.2588 | 2.2603 2 .2622 
34 2.1250 | 1.5026 | 2.2125 | 2.0875 | 2.1938 | 1.9480 2.1875 | 2.0625 | 2.0813 | 2.3238 | 2.3253 2.3272 
35 2.1875 | 1.5468 | 2.2750 | 2.1500 | 2.2563 | 2.0084 2.2500 | 2.1250 | 2.1438 | 2.3841 | 2.3856 2.3875 
36 2.2500 | 1.5910 | 2.3375 | 2.2125 | 2.3188 2.0730 | 2.3125 | 2.1875 | 2.2063 | 2 4489 | 2.4504 | 2.4523 
37 2.3125 | 1.6352 | 2.4000 | 2.2750 | 2.3813 2.1335 | 2.3750 | 2.2500 | 2.2688 | 2.5092 2.5107 | 2.5126 
38 2.3750 | 1.6794 | 2.4625 | 2.3375 | 2.4438 2.1981 | 2.4375 | 2.3125 | 2.3313 | 2.5739 2.5754 | 2.5773 
39 2.4375 | 1.7236 | 2.5250 | 2.4000 | 2.5063 | 2.2587 2.5000 | 2.3750 | 2.3938 | 2.6344 | 2.6359 2.6378 
40 2.5000 | 1.7678 | 2.5875 | 2.4625 | 2.5688 | 2.3231 | 2.5625 | 2.4875 2.4563 | 2.6990 |.2.7005 | 2.7024 
41 2.5625 | 1.8120 | 2.6500 | 2.5250 | 2.6313 | 2.3838 | 2.6250 | 2.5000 2.5188 | 2.7596 | 2.7611 | 2.7630 
42 2.6250 | 1.8562 | 2.7125 | 2.5875 | 2.6938 2.4482 | 2.6875 | 2.5625 | 2.5813 | 2.8239 2.8254 | 2.8273 
43 2.6875 | 1.9003 | 2.7750 | 2.6500 | 2.7563 2.5089 | 2.7500 | 2.6250 | 2.6438 | 2.8846 2.8861 | 2.8880 
44 2.7500 | 1.9445 | 2.8375 | 2.7125 | 2.8188 | 2.5732 2.8125 | 2.6875 | 2.7063 | 2.9490 | 2 9505 | 2.9524 
45 2.8125 | 1.9887 | 2.9000 | 2.7750 | 2.8813 | 2.6340 2.8750 | 2.7500 | 2.7688 | 3.0098 | 3.0113 3.0132 
46 2.8750 | 2.0329 | 2.9625 | 2.8375 | 2.9438 | 2.6982 2.9375 | 2.8125 | 2.8313 | 3.0741 | 3 0756 | 3.0775 
47 2.9375 | 2.0771 | 3.0250 | 2.9000 | 3.0063 | 2.7591 | 3.0000 | 2.8750 | 2 8938 | 3.1349 | 3.1364 | 3.1383 
48 3.0000 | 2.1213 | 3.0875 | 2.9625 | 3.0688 | 2.8233 3.0625 | 2.9375 | 2.9563 | 3.1991 | 3 2006 | 3.2025 
49 3.0625 | 2.1655 | 3.1500 | 3.0250 | 3.1313 | 2.8842 3.1250 | 3.0000 | 3.0188 | 3.2600 | 3.2615 3.2634 
50 3.1250 | 2.2097 | 3.2125 | 3.0875 | 3.1938 | 2.9483 3.1875 | 3.0625 | 3.0813 | 3.3241 | 3 3256 | 3.3275 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 


(Continued on next page.) 
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INVOLUTE SERRATIONS 


TABLE 5—16/32 Diametral Pitch (Concluded) 


16/32 Diametral Pitch | Circular Pitch, 0.1963 Addendum, External, 0.0313 
Pressure Angle, 45° Circular Tooth Thickness, 0.1107 Addendum, Internal, 0.0188 
| Cutting-tool radius, 0.028 | Measuring-pin diameter, internal and external, 0.1200 
| INT AND EXT INTERNAL EXTERNAL 
i) 
Pitch ane Major Minor TIF Meas Major Minor TIF Measurement 
| N diam ara diam diam diam between diam diam diam over pins Factor dk 
Ref Ref Min Min Min - Basic Max Max Class A | Class B Class C 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Recommended tolerance—> Fe one Bee Max Bit se enes Min Min Min 
51 3.1875 | 2.2539 | 3.2750 | 3.1500 | 3.2563 | 3.0093 | 3.2500 | 3.1250 | 3.1438 | 3.3851 | 3.3866 | 3.3885 0.976 
52 3.2500 | 2.2981 | 3.3375 | 3.2125 | 3.3188 | 3.0733 | 3.3125 | 3.1875 | 3.2063 | 3.4492 | 3.4507 | 3.4526 0.976 
53 3.3125 | 2.3423 | 3.4000 | 3.2750 | 3.3813 | 3.1344 | 3.3750 | 3.2500 | 3.2688 | 3.5102 | 3.5117 | 3.5136 0.977 
54 3.3750 | 2.3865 | 3.4625 | 3.3375 | 3.4438 | 3.1983 | 3.4375 | 3.3125 | 3.3313 | 3.5742 | 3.5757 | 3.5776 0.977 
55 3.4375 | 2.4307 | 3.5250 | 3.4000 | 3.5063 | 3.2595 | 3.5000 | 3.3750 | 3.3938 | 3.6353 | 3.6368 | 3.6387 0.977 
56 3.5000 | 2.4749 | 3.5875 | 3.4625 | 3.5688 | 3.3235 | 3.5625 | 3.4375 | 3.4563 | 3.6993 | 3.7008 | 3.7027 0.978 
57 3.5625 | 2.5191 | 3.6500 | 3.5250 | 3.6313 | 3.3846 | 3.6250 | 3.5000 | 3.5188 | 3.7604 | 3.7619 | 3.7638 0.978 
58 3.6250 | 2.5633 | 3.7125 | 3.5875 | 3.6938 | 3.4484 | 3.6875 | 3.5625 | 3.5813 | 3.8243 | 3.8258 | 3.8277 0.979 
59 3.6875 | 2.6075 | 3.7750 | 3.6500 | 3.7563 | 3.5096 | 3.7500 | 3.6250 | 3.6438 | 3.8855 | 3.8870 | 3.8889 0.979 
60 3.7500 | 2.6517 | 3.8375 | 3.7125 | 3.8188 | 3.5734 | 3.8125 | 3.6875 | 3.7063 | 3.9493 | 3.9508 | 3.9527 0.979 
61 3.8125 | 2.6958 | 3.9000 | 3.7750 | 3.8813 | 3.6346 | 3.8750 | 3.7500 | 3.7688 | 4.0106 | 4.0120 | 4.0140 0.980 
62 3.8750 | 2.7400 | 3.9625 | 3.8375 | 3.9438 | 3.6984 | 3.9375 | 3.8125 | 3.8313 | 4.0744 | 4.0758 | 4.0778 0.980 
63 3.9375 | 2.7842 | 4.0250 | 3.9000 | 4.0063 | 3.7597 | 4.0000 | 3.8750 | 3.8938 | 4.1356 | 4.1370 | 4.1390 0.980 
64 4.0000 | 2.8284 | 4.0875 | 3.9625 | 4.0688 | 3.8234 | 4.0625 | 3.9375 | 3.9563 | 4.1994 | 4.2008 | 4.2028 0.980 
65 4.0625 | 2.8726 | 4.1500 | 4.0250 | 4.1313 | 3.8848 | 4.1250 | 4.0000 | 4.0188 | 4.2607 | 4.2621 | 4.2641 0.981 
~ 66 4.1250 | 2.9168 | 4.2125 | 4.0875 | 4.1938 | 3.9484 | 4.1875 | 4.0625 | 4.0813 | 4.3244 | 4.3258 | 4.3278 0.981 
67 4.1875 | 2.9610 | 4.2750 | 4.1500 | 4.2563 | 4.0098 | 4.2500 | 4.1250 | 4.1438 | 4.3858 | 4.3872 | 4.3892 0.981 
68 4.2500 | 3.0052 | 4.3375 | 4.2125 | 4.3188 | 4.0734 | 4.3125 | 4.1875 | 4.2063 | 4.4494 | 4.4508 | 4.4528 0.982 
69 4.3125 | 3.0494 | 4:4000 | 4.2750 | 4.3813 | 4.1349 | 4.3750 | 4.2500 | 4.2688 | 4.5108 | 4.5122 | 4.5142 0.982 
70 4.3750 | 3.0936 | 4.4625 | 4.3375 | 4.4438 | 4.1985 | 4.4375 | 4.3125 | 4.3313 | 4.5744 | 4.5758 | 4.5778 0.982 
71 4.4375 | 3.1378 | 4.5250 | 4.4000 | 4.5063 | 4.2599 | 4.5000 | 4.3750 | 4.3938 | 4.6358 | 4.6372 | 4.6392 0.982 
72 4.5000 | 3.1820 | 4.5875 | 4.4625 | 4.5688 | 4.3235 | 4.5625 | 4.4375 | 4.4563 | 4.6994 | 4.7008 | 4.7028 0.982 
73 4.5625 | 3.2262 | 4.6500 | 4.5250 | 4.6313 | 4.3850 | 4.6250 | 4.5000 | 4.5188 | 4.7608 | 4.7622 | 4.7642 0.983 
74 4.6250 | 3.2704 | 4.7125 | 4.5875 | 4.6938 | 4.4486 | 4.6875 | 4.5625 | 4.5813 | 4.8244 | 4.8258 | 4.8278 0.983 
75 4.6875 | 3.3146 | 4.7750 | 4.6500 | 4.7563 | 4.5101 | 4.7500 | 4.6250 | 4.6438 | 4.8859 | 4.8873 | 4.8893 0.983 
76 4.7500 | 3.3588 | 4.8375 | 4.7125 | 4.8188 | 4.5736 | 4.8125 | 4.6875 | 4.7063 | 4.9494 | 4.9508 | 4.9528 0.983 
77 4,8125 | 3.4030 | 4.9000 | 4.7750 | 4.8813 | 4.6351 | 4.8750 | 4.7500 | 4.7688 | 5.0109 | 5.0123 | 5.0143 0.984 
78 4.8750 | 3.4471 | 4.9625 | 4.8375 | 4.9438 | 4.6986 | 4.9375 | 4.8125 | 4.8313 | 5.0744 | 5.0758 | 5.0778 0.984 
79 4.9375 | 3.4913 | 5.0250 | 4.9000 | 5.0063 | 4.7601 | 5.0000 | 4.8750 | 4.8938 | 5.1860 | 5.1374 | 5.1394 0.984 
80 5.0000 | 3.5355 | 5.0875 | 4.9625 | 5.0688 | 4.8236 | 5.0625 | 4.9375 | 4.9563 | 5.1995 | 5.2009 | 5.2029 0.984 
81 5.0625 | 3.5797 | 5.1500 | 5.0250 | 5.1313 | 4.8852 | 5.1250 | 5.0000 | 5.0188 | 5.2610 | 5.2624 | 5.2644 0.984 
82 5.1250 | 3.6239 | 5.2125 | 5.0875 | 5.1938 | 4.9486 | 5.1875 | 5.0625 | 5.0813 | 5.3245 | 5.3259 | 5.3279 0.985 
83 5.1875 | 3.6681 | 5.2750 | 5.1500 | 5.2563 | 5.0102 | 5.2500 | 5.1250 | 5.1488 | 5.3860 || 5.3874 | 5.3894 0.985 
84 5.2500 | 3.7123 | 5.3375 | 5.2125 | 5.3188 | 5.0736 | 5.3125 | 5.1875 | 5.2063 | 5.4495 | 5.4509 | 5.4529 0.985 
85 5.3125 | 3.7565 | 5.4000 | 5.2750 | 5.3813 | 5.1352 | 5.3750 | 5.2500 | 5.2688 | 5.5111 | 5.5125 | 5.5145 0.985 
86 5.3750 | 3:8007 | 5.4625 | 5.3375 | 5.4438 | 5.1986 | 5.4375 | 5.3125 | 5.3313 | 5.5745 | 5.5759 | 5.5779 0.985 
87 5.4375 | 3.8449 | 5.5250 | 5.4000 | 5.5063 | 5.2603 | 5.5000 | 5.3750 | 5.3938 | 5.6361 | 5.6375 | 5.6395 0.985 
88 5.5000 | 3.8891 | 5.5875 | 5.4625 | 5.5688 | 5.3336 | 5.5625 | 5.4375 | 5.4563 | 5.6995 | 5.7009 | 5.7029 0.985 
89 5.5625 | 3.9333 | 5.6500 | 5.5250 | 5.6313 | 5.3853 | 5.6250 | 5.5000 | 5.5188 | 5.7611 | 5.7625 | 5.7645 0.986 
90 5.6250 | 3.9775 | 5.7125 | 5.5875 | 5.6938 | 5.4487 | 5.6875 | 5.5625 | 5.5813 | 5.8245 | 5.8259 | 5.8279 0.986 
91 5.6875 | 4.0217 | 5.7750 | 5.6500 | 5.7563 | 5.5103 | 5.7500 | 5.6250 | 5.6438 | 5.8862 | 5.8876 | 5.8896 0.986 
92 5.7500 | 4.0659 | 5.8375 | 5.7125 | 5.8188 | 5.5737 | 5.8125 | 5.6875 | 5.7063 | 5.9495 | 5.9509 | 5.9529 0.986 
93 5.8125 | 4.1101 | 5.9000 | 5.7750 | 5.8813 | 5.6353 | 5.8750 | 5.7500 | 5.7688 | 6.0112 | 6.0126 | 6.0146 0.986 
94 5.8750 | 4.1543 | 5.9625 | 5.8375 | 5.9438 | 5.6988 | 5.9375 | 5.8125 | 5.8313 | 6.0746 | 6.0760 | 6.0780 0.986 
95 5.9375 | 4.1984 | 6.0250 | 5.9000 | 6.0063 | 5.7605 | 6.0000 | 5.8750 | 5.8938 | 6.1362 | 6.1376 | 6.1396 0.986 
96 6.0000 | 4.2426 | 6.0875 | 5.9625 | 6.0688 | 5.8238 | 6.0625 | 5.9375 } 5.9564 | 6.1996 | 6.2010 | 6.2030 0.987 
97 6.0625 | 4.2868 | 6.1500 | 6.0250 | 6.1313 | 5.8855 | 6.1250 | 6.0000 | 6.0188 | 6.2613 | 6.2627 | 6.2647 0.987 
98 6.1250 | 4.3310 | 6.2125 | 6.0875 | 6.1938 | 5.9488 | 6.1875 | 6.0625 | 6.0813 | 6.3245 | 6.3259 | 6.3279 0.987 
99 6.1875 | 4.3752 | 6.2750 | 6.1500 | 6.2563 | 6.0105 | 6.2500 | 6.1250 | 6.1438 | 6.3862 | 6.3876 | 6.3896 0.987 
100 6.2500 | 4.4194 | 6.3375 | 6.2125 | 6.3188 | 6.0738 6.3125 J 6.1875 | 6.2063 | 6.4495 | 6.4509 | 6.4529 0.987 


552 INVOLUTE SERRATIONS 


TABLE 6—24/48 Diametral Pitch 


24/48 Diametral Pitch | Circular Pitch, 0.1309 Addendum, External, 0.0208 
Pressure Angle, 45° Circular Tooth Thickness, 0.0738 Addendum, Internal, 0.0125 
Cutting-tool radius, 0.019 | Measuring-pin diameter, internal and external, 0.0800 
INT AND EXT INTERNAL EXTERNAL 
Pitch | pee Major Minor TIF Meas | Major | Minor TIF Measurement 
N diam dian diam diam diam between diam _ diam diam over pins Rusti 
| \- in: 
Ref Ref | Min Min Min Gi Basic Max Max Class A Class B Class C 
i 2 | dee gg AY 6 Ge HAT ee ee 10 rel 12 13 14 
| | 
Recommended tolerance—> } a ae Max eee | Ba ev Min Min Min 
6 0.2500 | 0.1768 | 0.3083 | 0.2250 | 0.2958 | 0.1289 | 0.2917 | 0.2083 | 0.2208 | 0.3790 | 0.3803 | 0.3821 0.872 
7 0.2917 | 0.2062 | 0.3500 | 0.2667 | 0.3375 | 0.1652 | 0.3333 | 0 .2500 | 0.2625 | 0.4124 | 0.4137 | 0.4155 0.884 
8 0.3333 | 0.2357 | 0.3917 | 0.3083 | 0.3792 | 0.2138 | 0.3750 | 0. 2917 | 0.3042 | 0.4630 | 0.4644 | 0.4662 0.893 
) 0.3750 | 0.2652 | 0.4333 | 0.3500 | 0.4208 | 0.2508 | 0.4167 0.3333 | 0.3458 | 0.4985 | 0.4999 | 0.5017 0.901 
10 0.4167 | 0.2946 | 0.4750 | 0.3917 | 0.4625 | 0.2979 | 0.4583 0.3750 | 0.3875 | 0.5469 | 0.5483 | 0.5501 0.908 
il 0.4583 | 0.3241 | 0.5167 | 0.4333 | 0.5042 | 0.3355 | 0.5000 0.4167 | 0.4292 | 0.5836 | (025850 | 0.5868 0.914 
12 0.5000 | 0.3536 | 0.5583 | 0.4750 | 0.5458 | 0.3817 0.5417. | 0.4583 | 0.4708 | 0.6306 | 0.6320 | 0.6338 0.919 
13 0.5417 | 0.3830 | 0.6000 | 0.5167 | 0.5875 | 0.4197 | 0.5833 0.5000 | 0.5125 | 0.6680 | 0.6695 | 0.6713 0.924 
14 0.5833 | 0.4125 | 0.6417 | 0.5583 | 0.6292 | 0.4653 | 0.6250 0.5417 | 0.5542 | 0.7141 | 0.7156 | 0.7174 0.928 
15 0.6250 | 0.4419 | 0.6833 | 0.6000 | 0.6708 | 0.5039 | 0.6667 0.5833 | 0.5958 | 0.7522 | 0.7536 | 0.7555 0.931 
16 0.6667 | 0.4714 | 0.7250 | 0.6417 | 0.7125 | 0.5489 | 0.7083 | 0.6250 0.6375 | 0.7977 | 0.7991 | 0.8010 0.935 
17 0.7083 | 0.5009 | 0.7667 | 0.6833 | 0.7542 | 0.5877 | 0 7500 | 0.6667 | 0.6792 | 0.8362 | 0.8376 | 0.8395 0.938 
18 0.7500 | 0.5303 | 0.8083 | 0.7250 | 0.7958 | 0.6324 | 0.7917 0.7083 | 0.7208 | 0.8812 | 0.8826 | 0.8845 0.941 
19 0.7917 | 0.5598 | 0.8500 | 0.7667 | 0.8358 | 0.6715 | 0.8333 0.7500 | 0.7625 | 0.9201 | 0.9215 | 0.9234 0.943 
20 0.8333 | 0.5893 | 0.8917 | 0.8083 | 0.8792 | 0.7158 | 0.8750 0.7917 | 0.8042 | 0.9647 | 0.9661 | 0.9680 0.945 
21 0.8750 | 0.6187 | 0.9333 | 0.8500 | 0.9208 | 0.7552 | 0.9167 | 0.8333 0.8458 | 1.0039 | 1.0053 | 1.0072 0.948 
22 0.9167 | 0.6482 | 0.9750 | 0.8917 | 0.9667 | 0.7993 | 0.9583 0.8750 | 0.8875 | 1.0482 | 1.0496 | 1.0515 0.950 
23 0.9583 | 0.6776 | 1.0167 | 0.9333 | 1.0042 | 0.8388 | 1.0000 | 0.9167 0.9292 | 1.0875 | 1.0889 | 1.0908 0.951 
24 1.0000 | 0.7071 | 1.0583 | 0.9750 | 1.0458 | 0.8826 | 1.0417 0.9583 | 0.9708 | 1.1316 | 1.1330 | 1.13849 0.953 
25 1.0417 | 0.7366 | 1.1000 | 1.0167 | 1.0875 | 0.9223 | 1.0833 | 1.0000 1.0125 | 1.1711 | 1.1726 | 1.1745 0.955 
26 1.0833 | 0.7660 | 1.1417 | 1.0583 | 1.1291 | 0.9660 | 1.1250 | 1.0417 1.0542 | 1.2150 | 1.2165 | 1.2184 0.956 
27 1.1250 | 0.7955 | 1.1833 | 1.1000 | 1.1708 | 1.0058 | 1.1667 1.0833 | 1.0958 | 1.2547 | 1.2562 | 1.2581 0.958 
28 1.1667 | 0.8250 | 1.2250 | 1.1417 | 1.2125 | 1.0494 | 1.2083 1.1250 | 1.1375 | 1.2983 | 1.2998 | 1.3017 0.959 
29 1.2083 | 0.8544 '| 1.2667 | 1.1833 | 1.2542 | 1.0894 | 1.2500 | 1. 1667 | 1.1792 | 1.3381 | 1.3396 | 1.3415 0.960 
30 1.2500 | 0.8839 | 1.3083 | 1.2250 | 1.2958 | 1.1328 | 1.2917 1.2083 | 1.2208 | 1.3817 | 1.3832 | 1.3851 0.961 
31 1.2917 | 0.9133 | 1.3500 | 1.2667 | 1.3375 | 1.1728 | 1.3333 1.2500 | 1.2625 | 1.4217 | 1.4232 | 1.4251 0.962 
32 1.3333 | 0.9428 | 1.3917 | 1.3083 | 1.3792 | 1.2162 | 1.3750 | 1 2917 | 1.3042 | 1.4651 | 1.4666 | 1.4685 0.963 
33) 1.3750 | 0.9723 | 1.4333 | 1.3500 | 1.4208 | 1.2563 | 1.4167 | 1 3333 | 1.3458 | 1.5052 | 1.5067 | 1.5086 0.964 
34 1.4167 | 1.0017 | 1.4750 | 1.3917 | 1.4625 | 1.2996 | 1.4583 1.3750 | 1.3875 | 1.5485 | 1.5500 | 1.5519 0.965 
35 1.4583 | 1.0312 | 1.5167 | 1.4333 | 1.5042 | 1.3398 | 1.5000 | 1 .4167 | 1.4292 | 1.5886 | 1.5901 | 1.5920 0.966 
36 1.5000 | 1.0607 | 1.5583 | 1.4750 | 1.5458 | 1.3828 | 1.5417 | 1 .4583 | 1.4708 | 1.6319 | 1.6334 | 1.6353 0.967 
37 1.5417 | 1.0901 | 1.6000 | 1.5167 | 1.5875 | 1.4232 | 1.5833 1.5000 | 1.5125 | 1.6721 | 1.6736 | 1.6755 0.968 
38 1.5833 | 1.1196 | 1.6417 | 1.5583 | 1.6292 | 1.4663 | 1.6250 1.5417 | 1.5542 | 1.7152 | 1.7167 | 1.7186 0.968 
39 1.6250 | 1.1490 | 1.6833 | 1.6000 | 1.6708 | 1.5067 | 1.6667 | 1 5833 | 1.5958 | 1.7556 | 1.7571 | 1.7590 0.969 
40 1.6667 | 1.1785 | 1.7250 | 1.6417 | 1.7125 | 1.5496 | 1.7083 1.6250 | 1.6375 | 1.7986 | 1.8001 | 1.8020 0.970 
41 1.7083 | 1.2080 | 1.7667 | 1.6833 | 1.7542 | 1.5901 | 1.7500 1.6667 | 1.6792 | 1.8390 | 1.8405 | 1.8424 0.971 
42 1.7500 | 1.2374 | 1.8083 | 1.7250 | 1.7958-| 1.6331 | 1.7917 | 1 7083 | 1.7208 | 1.8820 | 1.8835 | 1.8854 0.971 
43 1.7917 | 1.2669 | 1.8500 | 1.7667 | 1.8358 | 1.6736 | 1.8333 | 1 .7500 | 1.7625 | 1.9224 | 1.9239 | 1.9258 0.972 
44 1.8333 | 1.2964 | 1.8917 | 1.8083 | 1.8792 | 1.7164 | 1.8750 | 1 7917 | 1.8042 | 1.9654 | 1.9669 | 1.9688 0.972 
45 1.8750 | 1.3258 | 1.9333 | 1.8500 | 1.9208 | 1.7570 | 1.9167 | 1 8333 | 1.8458 | 2.0059 | 2.0074 | 2.0093 0.973 
46 1.9167 | 1.3553 | 1.9750 | 1.8917 | 1.9667 | 1.7998 | 1.9583 | 1.8750 | 1 .8875 | 2.0487 | 2.0502 | 2.0521 0.973 
47 1.9583 | 1.3848 | 2.0167 | 1.9333 | 2.0042 | 1 8404 | 2.0000 | 1.9167 | 1.9292 | 2.0893 | 2.0908 | 2.0927 0.974 
48 2.0000 | 1.4142 | 2.0583 | 1.9750 | 2.0458 | 1.8832 | 2.0417 | 1 9583 | 1.9708 | 2.1321 | 2.1336 | 2.1355 0.974 
49 2.0417 | 1.4437 | 2.1000 | 2.0167 | 2.0875 | 1.9238 | 2.0833 | 2.0000 2.0125 | 2.1727 | 2.1742 | 2.1761 0.975 
50 20833 | 1.4731 | 2.1417 | 2.0583 | 2.1291 | 1.9665 | 2.1250 | 2.0417 | 2 0542 | 2.2154 | 2.2169 | 2.2188 0.975 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 


(Continued on next page.) 


Ce A eye 


INVOLUTE SERRATIONS 


TABLE 6—24/48 Diametral Pitch (Concluded) 


24/48 Diametral Pitch 
Pressure Angle, 45° 


Circular Pitch, 0.1309 
Circular Tooth Thickness, 0.0738 


Addendum, External, 0.0208 
Addendum, Internal, 0.0125 


Cutting-tool radius, 0.019 


Measuring-pin diameter, internal and external, 0.0800 


INT AND EXT 


INTERNAL 


EXTERNAL 


Pitch Pee Major Minor TI F Meas Major Minor TIF Measurement 
N diam aan diam diam diam between diam diam diam over pins Pantone 
Ref Ref Min Min Min: ohn Basic Max Max Class A | Class B Class C 
1 2 3 4 ) 6 7 8 9 10 11 12 13 14 
Recommended tolerance— BB Te Max Rs Biber Min Min Min 

51 2.1250 | 1.5026 | 2.1833 | 2.1000 | 2.1708 | 2.0072 | 2.1667 | 2.0833 | 2.0958 | 2.2561 | 2.2575 | 2.2595 0.976 

52 9.1667 | 1.5321 | 2.2250 | 2.1417 | 2.2125 | 2.0499 | 2.2083 | 2.1250 | 2.1375 | 2.2988 | 2.3002 | 2.3022 0.976 
53 2.2083 | 1.5615 | 2.2667 | 2.1833 | 2.2542 | 2.0906 | 2.2500 | 2.1667 | 2.1792 | 2.3395 | 2.3409 | 2.3429 0.977 
1 54 2.2500 | 1.5910 | 2.3083 | 2.2250 | 2.2958 | 2.1332 | 2.2917 | 2.2083 | 2.2208 | 2.3822 | 2.3836 | 2.3856 0.977 
| 55 2.2917 | 1.6205 | 2.3500 | 2.2667 | 2.3375 | 2.1739 | 2.3333 | 2.2500 | 2.2625 | 2.4229 | 2.4243 | 2.4263 0.977 
56 2.3333 | 1.6499 | 2.3917 | 2.3083 | 2.3792 | 2.2165 | 2.3750 | 2.2917 | 2.3042 | 2.4655 | 2.4669 | 2.4689 0.978 
| 57 2,.3750 | 1.6794 | 2.4333 | 2.3500 | 2.4208 | 2.2573 | 2.4167 | 2.3333 | 2.3458 | 2.5063 | 2.5077 | 2.5097 0.978 
ie! 58 2.4167 | 1.7088 | 2.4750 | 2.3917 | 2.4625 | 2.2998 | 2.4583 | 2.3750 | 2.3875 | 2.5489 | 2.5503 | 2.5523 0.979 
59 2.4583 | 1.7383 | 2.5167 | 2.4333 | 2.5042 | 2.3406 | 2.5000 | 2.4167 | 2.4292 | 2.5897 | 2.5911 | 2.5931 0.979 

| 60 2.5000 | 1.7678 | 2.5583 | 2.4750 } 2.5458 | 2.3831 | 2.5417 | 2.4583 | 2.4708 | 2.6322 | 2.6336 | 2.6356 0.979 
ie 61 2.5417 | 1.7972 | 2.6000 | 2.5167 | 2.5875 | 2.4240 | 2.5833 | 2.5000 | 2.5125 | 2.6730 | 2.6744 | 2.6764 0.980 
ier 62 2.5833 | 1.8267 | 2.6417 | 2.5583 | 2.6292 | 2.4665 | 2.6250 | 2.5417 | 2.5542 | 2.7156 | 2.7170 | 2.7190 0.980 
i 63 2.6250 | 1.8562 | 2.6833 | 2.6000 | 2.6708 | 2.5073 | 2.6667 | 2.5833 | 2.5958 | 2.7564 | 2.7579 | 2.7598 0.980 
| 64 2.6667 | 1.8856 | 2.7250 | 2.6417 | 2.7125 | 2.5498 | 2.7083 | 2.6250 | 2.6375 | 2.7989 | 2.8003 | 2.8023 0.980 
| 65 2.7083 | 1.9151 | 2.7667 | 2.6833 | 2.7542 | 2.5907 | 2.7500 | 2.6667 | 2.6792 | 2.8398 | 2.8412 | 2.8432 0.981 
| 66 2.7500 | 1.9445 | 2.8083 | 2.7250 | 2.7958 | 2.6332 | 2.7917 | 2.7083 | 2.7208 | 2.8823 | 2.8837 | 2.8857 0.981 
67 2.7917 | 1.9740 | 2.8500 | 2.7667 | 2.8358 | 2.6741 | 2.8333 | 2.7500 | 2.7625 | 2.9232 | 2.9246 | 2.9266 0.981 

|| 68 2.8333 | 2.0035 | 2.8917 | 2.8083 | 2.8792 -| 2.7165 | 2.8750 | 2.7917 | 2.8042 | 2.9656 | 2.9670 | 2.9690 0.982 
69 2.8750 | 2.0329 | 2.9333 | 2.8500 | 2.9208 | 2.7574 | 2.9167 | 2.8333 | 2.8458 | 3.0065 | 3.0079 | 3.0099 0.982 

i 70 2.9167 | 2.0624 | 2.9750 | 2.8917 | 2.9667 | 2.7999 | 2.9583 | 2.8750 | 2.8875 | 3.0490 | 2.0504 | 3.0524 0.982 
71 2.9583 | 2.0919 | 3.0167 | 2.9333 | 3.0042 | 2.8409 | 3.0000 | 2.9167 | 2.9292 | 3.0899 | 3.0193 | 3.0933 0.982 

| 72 3.0000 | 2.1213 | 3.0583 | 2.9750 | 3.0458 | 2.8833 | 3.0417 | 2.9583 | 2.9708 | 3.1323 | 3.1337 | 3.1357 0.982 
1 73 3.0417 | 2.1508 | 3.1000 | 3.0167 | 3.0875 | 2.9243 | 3.0833 | 3.0000 | 3.0125 | 3.1733 |_3.1747, | 3.1767 0.983 
The 74 3.0833 | 2.1802 | 3.1417 | 3.0583 | 3.1291 | 2.9666 | 3.1250 | 3.0417 | 3.0542 | 3.2157 | 3.2171 | 3.2191 0.983 
i 75 3.1250 | 2.2097 | 3.1833 | 3.1000 | 3.1708 | 3.0076 | 3.1667 | 3.0833 | 3.0958 | 3.2566 | 3.2580 | 3.2600 0.983 

| 
| 76 3.1667 | 2.2392 | 3.2250 | 3.1417 | 3.2125 | 3.0500 | 3.2083 | 3.1250 | 3.1375 | 3.2990 | 3.3004 | 3.3024 0.983 
HIG. 77 3.2083 | 2.2686 | 3.2667 | 3.1833 | 3.2542 | 3.0910 | 3.2500. | 3.1667 | 3.1792 | 3.3400 | 3.3414 | 3.3434 0.984 
| 78 3.2500 | 2.2981 | 3.3083 | 3.2250 | 3.2958 | 3.1333 | 3.2917.| 3.2083 | 3.2208 | 3.3824 | 3.3838 | 3.3858 0.984 
1 79 3.2917 | 2.3276 | 3.3500 | 3.2667 | 3.3375 | 3.1743 | 3.3333 | 3.2500 | 3.2625 | 3.4234 | 3.4248 | 3.4268 0.984 
| 80 3.3333 | 2.3570 | 3.3917 | 3.3083 | 3.3792 | 3.2167 | 3.3750 | 3.2917 | 3.3042 | 3.4657 | 3.4671 | 3.4691 0.984 
| 

\ 81 3.3750 | 2.3865 | 3.4333 | 3.3500 | 3.4208 | 3.2577 | 3.4167 | 3.3333 | 3.3458 | 3.5067 | 3.5081 | 3.5101 0.984 
82 3.4167 | 2.4159 | 3.4750 | 3.3917 | 3.4625 | 3.3000 | 3.4583 | 3.3750 | 3.3875.| 3.5489 | 3.5504 | 3.5524 0.985 

| 83 3.4583 | 2.4454 | 3.5167 | 3.4333 | 3.5042 | 3.3410 | 3.5000 | 3.4167 | 3.4292 | 3,5900 | 3.5915 | 3.5935 0.985 
84 3.5000 | 2.4749 | 3.5583 | 3.4750 | 3.5458 | 3.3833 | 3.5417 | 3.4583 | 3.4708 | 3.6322 | 3.6337 | 3.6357 0.985 

85 3.5417 | 2.5043 | 3.6000 | 3.5167 | 3.5875 | 3.4244 | 3.5833 | 3.5000.| 3.5125 | 3.6732 | 3.6747 3.6767 0.985 

86 3.5833 | 2.5338 |.3.6417 | 3.5583 | 3.6292 | 3.4667 | 3.6250 | 3.5417 | 3.5542,| 3.7155 | 3.7170 | 3.7190 0.985 

87 3.6250 | 2.5633 | 3.6833 | 3.6000 | 3.6708 | 3.5077 | 3.6667 | 3.5833 | 3.5958 | 3.7566 | 3.7581 | 3.7601 0.985 

88 3.6667 | 2.5927 | 3.7250 | 3.6417 | 3.7125 | 3.5500 | 3.7083 | 3.6250 | 3.6375 | 3.7989 | 3.8004 | 3.8024 0.985 

89 3.7083 | 2.6222 | 3.7667 | 3.6833 | 3.7542 | 3.5911 | 3.7500 | 3.6667 | 3.6792 | 3.8402 | 3.8417 3.8437 0.986 

90 3.7500 | 2.6517 | 3.8083 | 3.7250 | 3.7958 | 3.6333 | 3.7917 | 3.7083 | 3.7208 | 3.8822 | 3.8837 | 3.8857 0.986 

91 3.7917 | 2.6811 | 3.8500 | 3.7667 | 3.8358 | 3.6744 | 3.8333 | 3.7500 | 3.7625 | 3.9233 | 3.9248 | 3.9268 0.986 

92 3.8333 | 2.7106 | 3.8917 | 3.8083 | 3.8792 | 3.7167 | 3.8750 | 3.7917 | 3.8042 | 3.9656 | 3.9671 | 3.9691 0.986 

93 3.8750 | 2.7400 | 3.9333 | 3.8500 | 3.9208 | 3.7578 | 3.9167 | 3.8333 | 3.8458 | 4.0067 | 4.0082 | 4.0102 0.986 

94 3.9167 | 2.7695 | 3.9750 | 3.8917 | 3.9667 | 3.8000 | 3.9583 | 3.8750 | 3.8875 | 4.0489 | 4.0504 | 4.0524 0.986 

95 3.9583 | 2.7990 | 4.0167 | 3.9333 | 4.0042 | 3.8412 | 4.0000 | 3.9167 | 3.9292 | 4.0900 | 4.0915 | 4. 0935 0.986 

96 4.0000 | 2.8284 | 4.0583 | 3.9750 | 4.0458 | 3.8834 | 4.0417 | 3.9583 | 3.9708 | 4.1322 | 4.1337 | 4. 1357 0.987 

97 4.0417 | 2.8579 | 4.1000 | 4.0167 | 4.0875 | 3.9245 | 4.0833 | 4.0000 | 4.0125 | 4.1734 | 4.1749 | 4.1769 0.987 

98 4.0833 | 2.8874 | 4.1417 | 4.0583 | 4.1291 | 3.9668 | 4.1250 | 4.0417 | 4.0542 | 4.2156 | 4.2171 | 4.2191 0.987 

99 4.1250 | 2.9168 | 4.1833 | 4.1000 | 4.1708 | 4.0080 | 4.1667 | 4.0833 | 4.0958 | 4.2567 | 4.2582 | 4.2602 0.987 

100 4.1667 | 2.9463 | 4.2250 | 4.1417 | 4.2125 | 4.0501 | 4.2083 | 4.1250 | 4.13875 | 4.2989. 4.3004 4.3024 0.987 


554 INVOLUTE SERRATIONS 


TABLE 7—32/64 Diametral Pitch* 


32/64 Diametral Pitch Circular Pitch, 0.0982 Addendum, External, 0.0156 
Pressure Angle, 45° Circular Tooth Thickness, 0.0553 Addendum, Internal, 0.0094 


Cutting-tool radius, 0.014 Measuring-pin diameter, internal and external, 0.0600 


INT AND EXT ‘ INTERNAL EXTERNAL 
; Base- Maj Mi TIF Maj Mi TIF M 
6g _ peels ane dine diam ee dias dina diam aes Factor E 
1: 
Ref Ref Min Min Min Wie Basic Max Max Class A | Class B Class C 
r 2 3 4 5 6 7 8 9 10 11 12 13 14 
Recommended tolerance—> a 3 Bip Max rhe Baaees Min Min Min 
6 0.1875 | 0.1326 | 0.2313 | 0.1688 | 0.2219 | 0.0976 | 0.2188 | 0.1563 | 0.1656 | 0.2836 | 0.2849 | 0.2867 0.872 
7 0.2188 | 0.1547 | 0.2625 | 0.2000 | 0.2531 | 0.1247 | 0.2500 | 0.1875 | 0.1969 | 0.3087 | 0.3100 | 0.3118 0.884 
8 0.2500 | 0.1768 | 0.2938.| 0.2313 | 0.2844 | 0.1611. | 0.2813 | 0.2188 | 0.2281 | 0.3466 | 0.3479 | 0.3497 0.893. 
9 0.2813 | 0.1989 | 0.3250 | 0.2625 | 0.3156 | 0.1889 | 0.3125 | 0.2500 | 0.2594 | 0.3732 | 0.3745 | 0.3763 0.901 
10 0.3125 | 0.2209 | 0.3563 | 0.2938.| 0.3469 | 0.2242 | 0.3438 | 0.2813 | 0.2906 | 0.4094 | 0.4108 | 0.4126 0.908 
ll 0.3438 | 0.2431 | 0.3875. | 0.3250 | 0.3781 | 0.2524 | 0.3750 | 0.3125 | 0.3219 | 0.4370 | 0.4383 | 0.4402 0.914 
12 0.3750 | 0.2651 | 0.4188 | 0.3563 | 0.4094 |-0.2869 | 0.4063 | 0.3438 | 0.3531 | 0.4722 | 0.4735 | 0.4754 0.919 
13 0.4063 | 0.2873 | 0.4500 | 0.3875 | 0.4406 | 0.3155 | 0.4375 | 0.3750 | 0.3844 | 0.5004 | 0.5017 | 0.5036 0.924 
14 0.4375 | 0.3094 | 0.4813 | 0.4188 | 0.4719 | 0.3496 | 0.4688 | 0.4063 | 0.4156 | 0.5350 | 0.5363 | 0.5382 0.928 
15 0.4688 | 0.3315 | 0.5125 | 0.4500 | 0.5031 | 0.3786 | 0.5000 | 0.4375 | 0.4469 | 0.5634 | 0.5648 | 0.5667 0.931 
mike) 0.5000 | 0.3536 | 0.5438 | 0.4813 | 0.5344 | 0.4123 | 0.5313 | 0.4688 | 0.4781 | 0.5976 | 0.5990 | 0.6009 0.935 
17 0.5313 | 0.3757 | 0.5750 | 0.5125 | 0.5656 | 0.4415 | 0.5625 | 0.5000 | 0.5094 | 0.6264 | 0.6278 | 0.6297 0.938 
18 0.5625 | 0.3978 | 0.6063 | 0.5438 | 0.5969 | 0.4749 | 0.5938 | 0.5313 | 0.5406 | 0.6602 | 0.6616 | 0.6635 0.941 
19 0.5938 | 0.4199 | 0.6375 | 0.5750 | 0.6281 | 0.5043 | 0.6250 | 0.5625 | 0.5719 | 0.6893 | 0.6907 | 0.6926 0.943 
20 0.6250 | 0.4419 | 0.6688 | 0.6063 | 0.6594 | 0.5374 | 0.6562 | 0.5938 | 0.6031 | 0.7229 | 0.7242 | 0.7261 0.945 
21 0.6563 | 0.4640 | 0.7000 | 0.6375 | 0.6906 | 0.5672 | 0.6875 | 0.6250 | 0.6344 | 0.7532 | 0.7536 | 0.7555 0.948 
22 0.6875 | 0.4861 | 0.7313 | 0.6688 | 0.7219 | 0.6002 | 0.7188 | 0.6563 | 0.6656 | 0.7854 | 0.7868 | 0.7887 0.950 
23 0.7188 | 0.5082 | 0.7625 | 0.7000 | 0.7531 | 0.6298 | 0.7500 | 0.6875 | 0.6969 | 0.8149 | 0.8163 | 0.8182 0.951 
24 0.7500 | 0.5303 | 0.7938 | 0.7313 | 0.7844 | 0.6626 | 0.7813 | 0.7188 | 0.7281 | 0.8480 | 0.8494 | 0.8513 0.953 
25 0.7813 | 0.5524 | 0.8250 | 0.7625 | 0.8156 | 0.6925 | 0.8125 | 0.7500 | 0.7594 | 0.8776 | 0.8791 | 0.8810 0.955 
26 0.8125 | 0.5745 | 0.8563 | 0.7938 | 0.8469 0.7252 | 0.8438 | 0.7813 | 0.7906 | 0.9105 | 0.9120 | 0.9139 0.956 
27 0.8438 | 0.5966 | 0.8875 | 0.8250 | 0.8781 | 0.7551 | 0.8750 | 0.8125 | 0.8219 | 0.9402 | 0.9417 | 0.9436 0.958 
28 0.8750 | 0.6187 | 0.9188 | 0.8563 | 0.9094 | 0.7877 | 0.9063 | 0.8438 | 0.8531 | 0.9730 | 0.9745 | 0.9764 0.959 
29 0.9063 | 0.6408 | 0.9500 | 0.8875 | 0.9406 | 0.8177 | 0.9375 | 0.8750 | 0.8844 | 1.0029 | 1.0044 | 1.0063 0.960 
30 0.9375 | 0.6629 | 0.9813 | 0.9188 | 0.9719 | 0.8503 | 0.9688 | 0.9063 | 0.9156 | 1.0356 | 1.0371 | 1.0390 0.961 
31 0.9688 | 0.6850 | 1.0125 | 0.9500 | 1.0031 | 0.8803 | 1.0000 | 0.9375 | 0.9469 | 1.0656 | 1.0671 | 1.0690 0.962 
32 1.0000 | 0.7071 | 1.0438 | 0.9813 | 1.0344 | 0.9128 | 1.0313 | 0.9688 | 0.9781 | 1.0981 | 1.0996 | 1.1015 0.963 
33 1.0313 | 0.7292 | 1.0750 | 1.0125 | 1.0656 | 0.9430 | 1.0625 | 1.0000 | 1.0094 | 1.1282 | 1.1297 | 1.1316 0.964 
34 1.0625 | 0.7513 | 1.1063 | 1.0438 | 1.0969 | 0.9754 | 1.0938 | 1.0313 | 1.0406 | 1.1607 | 1.1622 | 1.1641 0.965 
35 1.0938 | 0.7734 | 1.1375 | 1.0750 | 1.1281 | 1.0056 | 1.1250 | 1.0625 | 1.0719 | 1.1908 | 1.1923 | 1.1942 0.966 
36 1.1250 | 0.7955 | 1.1688 | 1.1063 | 1.1594 | 1.0379 | 1.1563 | 1.0938 | 1.1031 | 1.2232 | 1.2247 | 1.2266 0.967 
37 1.1563 | 0.8176 | 1.2000 | 1.1375 | 1.1906 | 1.0681 | 1.1875 | 1.1250 | 1.1344 | 1.2534 | 1.2549 | 1.2568 0.968 
38 1.1875 | 0.8397 | 1.2313 | 1.1688 | 1.2219 | 1.1004 | 1.2188 | 1.1563 | 1.1656 | 1.2857 | 1.2872 | 1.2891 0.968 
39 1.2188 | 0.8618 | 1.2625 | 1.2000 | 1.2531 | 1.1307 | 1.2500 | 1.1875 | 1.1969 | 1.3160 | 1.3175 | 1.3194 0.969 
40 1.2500 | 0.8839 | 1.2938 | 1.2313 | 1.2844 | 1.1629 | 1.2813 | 1.2188 | 1.2281 | 1.3483 | 1.3498 | 1.3517 0.970 
41 1.2813 | 0.9060 | 1.3250 | 1.2625 | 1.3156 | 1.1933 | 1.3125 | 1.2500 | 1.2594 | 1.3786 | 1.3801 | 1.3820 0.971 
42 1.3125 | 0.9281 | 1.3563 | 1.2938 | 1.3469 | 1.2254 | 1.3438 | 1.2813 | 1.2906 | 1.4107 | 1.4122 | 1.4141 0.971 
43 1.3438 | 0.9502 |.1.3875 | 1.3250 | 1.3781 | 1.2558 | 1.3750 | 1.3125 | 1.3219 | 1.4410 | 1.4425 | 1.4444 0.972 
44 1.3750 | 0.9723 | 1.4188 | 1.3563 | 1.4094 | 1.2880 | 1.4063 | 1.3488 | 1.3531 | 1.4732 | 1.4747 | 1.4766 0.972 
45 1.4063 | 0.9944 | 1.4500 | 1.3875 | 1.4406 | 1.3184 '| 1.4375 | 1.3750 | 1.3844 | 1.5036 | 1.5051 | 1.5070 0.973 
46 1.4375 | 1.0165 | 1.4813 | 1.4188 | 1.4719 | 1.3505 | 1.4688 | 1.4063 | 1.4156 | 1.5357 | 1.5372 | 1.5391 0.973 
AT 1.4688 | 1.0386 | 1.5125 | 1.4500 | 1.5031 | 1.3809 | 1.5000 | 1.4375 | 1.4469 | 1.5662 | 1.5677 | 1.5696 0.974 
48 1.5000 | 1.0607 | 1.5438 | 1.4813 | 1.5344 | 1.4130 | 1.5313 | 1.4688 | 1.4781 | 1.5983 | 1.5998 | 1.6017 0.974 
49 1.5313 | 1.0828 | 1.5750 | 1.5125 | 1.5656 | 1.4435 | 1.5625 | 1.5000 | 1.5094 | 1.6287 | 1.6302 | 1.6321 0.975 
50 1.5625 | 1.1049 | 1.6063 | 1.5438 | 1.5969 | 1.4755 | 1.5938 | 1.5313 | 1.5406 | 1.6608 | 1.6623 | 1.6642 0.975 
51 1.5938 | 1.1270 | 1.6375 | 1.5750 | 1.6281 | 1.5061 | 1.6250 | 1.5625 | 1.5719 | 1.6913 | 1.6927 | 1.6947 0.976 
52 1.6250 | 1.1490 | 1.6688 | 1.6063 | 1.6594 | 1.5381 | 1.6562 | 1.5938 | 1.6031 | 1 (230 .| 1.7247 | 1.7267 0.976 
53 1.6563 | 1.1711 | 1.7000 | 1.6375 | 1.6906 | 1.5687 | 1.6875 | 1.6250 | 1.6344 | 1.7538 | 1.7552 | 1.7572 0.977 
54 1.6875 | 1.1932 | 1.7313 | 1.6688 | 1.7219 | 1.6006 | 1.7188 | 1.6562 | 1.6656 | 1.7858 | 1.7872 | 1.7892 0.977 
55 1.7188 | 1.2153 | 1.7625 | 1.7000 | 1.7531 | 1.6312 | 1.7500 | 1.6875 | 1.6969 | 1.8164 | 1.8178 |. 1.8198 0.977 
56 1.7500 | 1.2374 | 1.79388 | 1.7313 | 1.7844 | 1.6631 | 1.7813 | 1:7188 | 1.7281 | 1 .8484 | 1.8498 | 1.8518 0.978 
57 1.7813 | 1.2595 | 1.8250 | 1.7625 | 1.8156 | 1.6937 | 1.8125 | 1.7500 | 1.7594 | 1.8789 | 1.8803 | 1.8823 0.978 
58 1.8125 | 1.2816 | 1.8563 | 1.7938 | 1.8469 | 1.7256 | 1.8438 | 1.7813 | 1.7906 | 1.9109 | 1.9123 | 1.9143 0.979 
59 1.8438 | 1.3037 | 1.8875 | 1.8250 | 1.8781 | 1.7561 | 1.8750 | 1.8125 | 1.8219 | 1.9415 | 1.9429 | 1.9449 0.979 
60 1.8750 | 1.3258 | 1.9188 | 1.8563 | 1.9094 | 1.7881 | 1.9063 1.8438 | 1.8531 | 1.9734 | 1.9748 | 1.9768 0.979 


® The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
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TABLE 8—40/80 Diametral Pitch 


555 


40/80 Diametral Pitch 
Pressure Angle, 45° 


Circular Pitch, 0.0785 
Circular Tooth Thickness, 0.0443 


Addendum, External, 0.0125 
Addendum, Internal, 0.0075 


Cutting-tool radius? 


| 


Measuring-pin diameter, internal and external, 0.0480 


INT AND EXT INTERNAL EXTERNAL 
; Base- Maj Mi TIF Maj Mi TIF M 
| . diam | Gele | diam | diam | diam see, Diem ,| Diam | Diem ea Cee 
pins 
| Ref Ref Min Min Min Basic Max Max Class A | Class B Class C 
| 1 2 3 4 5 6 7 8 9 10 il 12 13 14 
| Recommended tolerance— + o:0000 | 0.0000 Max | to020 | To:oo20 Min | Min | Min 
6 0.1500 | 0.1061 | 0.1850 | 0.1350 | 0.1775 0.0788 | 0.1750 | 0.1250 | 0.1325 | 0.2263 | 0.2276 | 0.2294 0.872 
7 0.1750 | 0.1237 | 0.2100 | 0.1600 | 0.2025 0.1004 | 0.2000 | 0.1500 | 0.1575 | 0.2464 | 0.2477 | 0.2495 0.884 
8 0.2000 | 0.1414 | 0.2350 | 0.1850 | 0.2275 0.1295 | 0.2250 | 0.1750 | 0.1825 | 0.2767 | 0.2780 | 0.2798 0.893 
9 0.2250: | 0.1591 | 0.2600 | 0.2100 | 0.2525 0.1517 | 0.2500 | 0.2000 | 0.2075 | 0.2980 | 0.2993 | 0.3011 0.901 
10 0.2500 | 0.1768 | 0.2850 | 0.2350 | 0.2775 0.1799 | 0.2750 | 0.2250 | 0.2325 | 0.3270 | 0.3284 | 0.3302 0.908 
| 11 0.2750 | 0.1944 | 0.3100 | 0.2600 | 0.3025 0.2025 | 0.3000 | 0.2500 | 0.2575 | 0.3490 | 0.3503 | 0.3522 0.914 
| 12 0.3000 | 0.2121 | 0.3350 | 0.2850 | 0.3275 0.2301 | 0.3250 | 0.2750 | 0.2825 | 0.3772 | 0.3785 | 0.3804 0.919 
13 0.3250 | 0.2298 | 0.3600 | 0.3100 | 0.3525 0.2529 | 0.3500 | 0.3000 | 0.3075 | 0.3997 | 0.4010 | 0.4029 0.924 
14 0.3500 | 0.2475 | 0.3850 | 0.3350 | 0.3775 0.2802 | 0.3750 | 0.3250 | 0.3325 | 0.4274 | 0.4287 | 0.4306 0.928 
15 0.3750 | 0.2652 | 0.4100 | 0.3600 | 0.4025 0.3034 | 0.4000 | 0.3500 | 0.3575 | 0.4501 | 0.4515 | 0.4534 0.931 
} 16 0.4000 | 0.2829 | 0.4350 | 0.3850 | 0.4275 0.3304 | 0.4250 | 0.3750 | 0.3825 | 0.4774 | 0.4788 | 0.4807 0.935 
} V7) 0.4250 | 0.3005 | 0.4600 | 0.4100 | 0.4525 0.3537 | 0.4500 | 0.4000 | 0.4075 | 0.5005 | 0.5019 | 0.5033 0.9388 
| 18 0.4500 | 0.3182 | 0.4850 | 0.4350 | 0.4775 | 0. 3805 | 0.4750 | 0.4250 | 0.4325 | 0.5275 | 0.5289 | 0.5308 0.941 
219 0.4750 | 0.3359 | 0.5100 | 0.4600 | 0.5025 0.4040 | 0.5000 | 0.4500 | 0.4575 | 0.5508 | 0.5522 | 0.5541 0.943 
20 0.5000 | 0.3536 | 0.5350 | 0.4850 | 0.5275 0.4304 | 0.5250 | 0.4750 | 0.4825 | 0.5776 | 0.5790 | 0.5809 0.945 
21 0.5250 | 0.3712 | 0.5600 | 0.5100 | 0.5525 0.4543 | 0.5500 | 0.5000 | 0.5075 | 0.6011 | 0.6025 | 0.6044 0.948 
22 0.5500 | 0.3889 | 0.5850 | 0.5350 | 0.5775 0.4807 | 0.5750 | 0.5250 | 0.5325 | 0.6277 | 0.6291 | 0.6310 0.950 
1 23 0.5750 | 0.4066 | 0.6100 | 0.5600 | 0.6025 | 0. 5043 | 0.6000 | 0.5500 | 0.5575 | 0.6513 | 0.6527 | 0.6546 0.951 
24 0.6000 | 0.4243 | 0.6350 | 0.5850 | 0.6275 0.5307 | 0.6250 | 0.5750 | 0.5825 | 0.6778 | 0.6792 | 0.6811 0.953 
| 25 0.6250 | 0.4419 | 0.6600 | 0.6100 | 0.6525 0.5545 | 0.6500 | 0.6000 | 0.6075 | 0.7014 | 0.7029 | 0.7048 0.955 
26 0.6500 | 0.4596 | 0.6850 | 0.6350 | 0.6775 | 0. 5807 | 0.6750 | 0.6250 | 0.6325 | 0.7277 | 0.7292 | 0.7311 0.956 
27 0.6750 | 0.4773 | 0.7100 | 0.6600 | 0.7025 0.6046 | 0.7000 | 0.6500 | 0.6575 | 0.7516 | 0.7531 | 0.7550 0.958 
| 28 0.7000 | 0.4949 | 0.7350 | 0.6850 | 0.7275 0.6308 | 0.7250 | 0.6750 | 0.6825 | 0.7778 | 0.7793 | 0.7812 0.959 
. 29 0.7250 | 0.5126 | 0.7600 | 0.7100 | 0.7525 | 0. 6547 | 0.7500 | 0.7000 | 0.7075 | 0.8017 | 0.8032 | 0.8051 0.960 
| 30 0.7500 | 0.5303 | 0.7850 | 0.7350 | 0.7775 | 0.6808 0.7750 | 0.7250 | 0.7325 | 0.8278 | 0.8293 | 0.8312 0.961 
1! 31 0.7750 | 0.5480 | 0.8100 | 0.7600 | 0.8025 | 0.7048 | 0.8000 0.7500 | 0.7575 | 0.8518 | 0.8533 | 0.8552 0.962 
| 32 0.8000 | 0.5657 | 0.8350 | 0.7850 | 0.8275 | 0.7308 | 0.8250 0.7750 | 0.7825 | 0.8779 | 0.8794 | 0.8813 0.963 
| 33 0.8250 | 0.5833 | 0.8600 | 0.8100 | 0.8525 | 0.7549 0.8500 | 0.8000 | 0.8075 | 0.9019 | 0.9034 | 0.9053 0.964 
| | 34 0.8500 | 0.6010 | 0.8850 | 0.8350 | 0.8775 | 0.7809 | 0.8750 0.8250 | 0.8325 | 0.9279 | 0.9294 | 0.9313 0.965 
| 35 0.8750 | 0.6187 | 0.9100 | 0.8600 | 0.9025 | 0.8050 | 0.9000 0.8500 | 0.8575 | 0.9520 | 0.9535 | 0.9554 0.966 
36 0.9000 | 0.6364 | 0.9350 | 0.8850 | 0.9275 0.8309 | 0.9250 | 0.8750 | 0.8825 | 0.9779 | 0.9794 0.9813 0.967 
37 0.9250 | 0.6541 | 0.9600 | 0.9100 | 0.9525 | 0.8550 | 0.9500 0.9000 | 0.9075 | 1.0021 | 1.00386 | 1.0055 0.968 
38 0.9500 | 0.6717 | 0.9850 | 0.9350 | 0.9775 | 0.8809 | 0.9750 0.9250 | 0.9325 | 1.0280 | 1.0295 | 1.0314 0.968 
39 0.9750 | 0.6894 | 1.0100 | 0.9600 | 1.0025 | 0.9051 | 1.0000 0.9500 | 0.9575 | 1.0521 | 1.0536 | 1.0555 0.969 
40 1.0000 | 0.7071 | 1.0350 | 0.9850 | 1.0275 | 0.9309 | 1.0250 0.9750 | 0.9825 | 1.0780 | 1.0795 | 1.0814 0.970 
41 1.0250 | 0.7248 |1-0600 | 1.0100 | 1.0525 | 0.9552 | 1.0500 1.0000 | 1.0075 | 1.1022 | 1.1037 | 1.1056 0.971 
42 1.0500 | 0.7425 | 1.0850 | 1.0350 | 1.0775 | 0.9809 | 1.0750 1.0250 | 1.0325 | 1.1279 | 1.1294 | 1.1313 0.971 
43 1.0750 | 0.7601 | 1.1100 | 1.0600 | 1.1025 | 1.0052 | 1.1000 | 1.0500 1.0575 | 1.1522 | 1.1537 | 1.1556 0.972 
44 1.1000 | 0.7778 | 1.1350.| 1.0850 | 1.1275 | 1.0309 | 1.1250 1.0750 | 1.0825 | 1.1779 | 1.1794 | 1.1813 0.972 
45 1.1250 | 0.7955 | 1.1600 | 1.1100 | 1.1525 | 1.0552 | 1.1500 1.1000 | 1.1075 | 1.2022 | 1.2037 | 1.2056 0.973 
46 1.1500 | 0.8132 | 1.1850 | 1.1350 | 1.1775 | 1.0809 | 1.1750 1.1250 | 1.1825 | 1.2279 | 1.2294 | 1.2313 0.973 
47 1.1750 | 0.8309 | 1.2100 | 1.1600 | 1.2025 | 1.1053 | 1.2000 | 1.1500 1.1575 | 1.2523 | 1.2538 | 1.2557 0.974 
48 1.2000 | 0.8485 | 1.2350 | 1.1850 | 1.2275 | 1.1310 | 1.2250 | 1.1750 1.1825 | 1.2779 | 1.2794 | 1.2813 0.974 
49 1.2250 | 0.8662 | 1.2600 | 1.2100 | 1.2525 | 1.1553 | 1.2500 | 1.2000 1.2075 | 1.3023 | 1.30388 | 1.3057 0.975 
50 1.2500 | 0.8839 | 1.2850 | 1.2350 | 1.2775 | 1.1810 | 1.2750 | 1 2250 | 1.2325 | 1.3280 | 1.3295 | 1.3314 0.976 
51 1.2750 | 0.9015 | 1.3100 | 1.2600 | 1.3025 | 1.2055 | 1.3000 1.2500 | 1.2575 | 1.3524 | 1.3538 | 1.3558 0.976 
52 1.3000 | 0.9192 | 1.3350 | 1.2850 | 1.3275 | 1.2311 | 1.3250 | 1.2750 1.2825 | 1.3780 | 1.3794 | 1.3814 0.976 
53 1.3250 | 0.9369 | 1.3600 | 1.3100 | 1.3525 | 1.2555 | 1.3500 | 1.3000 1.3075 | 1.4024 | 1.4088 | 1.4058 0.977 
54 1.3500 | 0.9546 | 1.3850 | 1.3350 | 1.3775 | 1.2811 | 1.3750 | 1.3250 1.3325 | 1.4280 | 1.4294 | 1.4314 0.977 
55 1.3750 | 0.9723 | 1.4100 | 1.3600 | 1.4025 | 1.3055 | 1.4000 | 1 3500 | 1.3575 | 1.4524 | 1.4538 | 1.4558 0.977 
56 1.4000 | 0.9900 | 1.4350 | 1.3850 | 1.4275 | 1.3311 | 1.4250 | 1.3750 1.3825 | 1.4780 | 1.4794 | 1.4814 0.978 
57 1.4250 | 1.0076 | 1.4600 | 1.4100 | 1.4525 | 1.3555 | 1.4500 | 1.4000 1.4075 | 1.5025 | 1.5039 | 1.5059 0.978 
58 1.4500 | 1.0253 | 1.4850 | 1.4350 | 1.4775 | 1.3810 | 1.4750 | 1.4250 1.4325 | 1.5280 | 1.5294 | 1.5314 0.979 
59 1.4750 | 1.0430 | 1.5100 | 1.4600 | 1.5025 | 1.4055 | 1.5000 | 1.4500 1.4575 | 1.5525 | 1.5539 | 1.5559 0.979 
60 1.5000 | 1.0607 | 1.5350 | 1.4850 | 1.5275 | 1.4310 | 1.5250 | 1.4750 1.4825 | 1.5781 | 1.5795 | 1.5815 0.979 


p phe fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Radius not required for fine pitches, see Figs. 6 and 7. 


556 INVOLUTE SERRATIONS 


TABLE 9—48/96 Diametral Pitch 


40/96 Diametral Pitch | Circular Pitch, 0.0654 Addendum, External, 0.0104 


Pressure Angle, 45° Circular Tooth Thickness, 0.0369 Addendum, Internal, 0.0063 

Cutting-tool radius” Measuring-pin diameter, internal and external, 0.0400 | f 

INT AND EXT INTERNAL EXTERNAL 

Pitch pate, Major Minor TIF Aieae Major Minor 1H Measurement 

N diam aiaay diam diam diam between diam diam diam over pins Factor 

Ref Ref Min Min Min eal Basic Max Max Class A | Class B | Class C ‘ 

1 Z 3 4 5 6 7 8 9 10 11 12 13 14 

Recommended tolerance—> ea es Bae Max Ris Bae Min Min Min 

6 0.1250 | 0.0884 | 0.1542 | 0.1125 | 0.1479 | 0.0662 | 0.1459 | 0.1041 | 0.1104 | 0.1881 | 0.1894 | 0.1912 0.872 | 
7 0.1459 | 0.1031 | 0.1750 | 0.1333 | 0.1688 | 0.0842 | 0.1667 | 0.1250 | 0.1813 | 0.2048 | 0.2061 | 0.2079 0.884 
8 0.1667 | 0.1179 | 0.1959 | 0.1542 | 0.1896 | 0.1085 | 0.1875 | 0.1459 | 0:1521 | 0.2301 | 0.2314 | 0.2332 0.893 
9 0.1875 | 0.1326 | 0.2167 | 0.1750 | 0.2104 | 0.1269 | 0.2083 | 0.1667 | 0.1729 | 0.2479 | 0.2492 | 0.2510 0.901 

10 0.2083 | 0.1473 | 0.2375 | 0.1959 | 0.2313 | 0.1505 | 0.2292 | 0.1875 | 0.1938 | 0.2720 | 0.2734 | 0.2752 0.908 

11 0.2292 | 0.1621 | 0.2583 | 0.2167 | 0.2521 | 0.1692 | 0.2500 | 0.2083 | 0.2146 0.2904 0.2917 0.2936 0.914 
12 0.2500 | 0.1768 | 0.2792. | 0.2375 | 0.2729 |-0.1923 |-0.2709 | 0.2292 | 0.2354 | 0.3139 | 0.3152 | 0.3171 0.919 
13 0.2709 | 0.1915 | 0.3000 | 0.2583 | 0.2938 | 0.2113 | 0.2917 | 0.2500 | 0.2563 | 0.3326 | 0.3339 | 0.3358 0.924 
14 0.2917 | 0.2063 | 0.3209 | 0.2792 | 0.3146 | 0.2340 | 0.3125 | 0.2709 | 0.2771 | 0.3557 | 0.3570 | 0.3589 0.928 
15 0.3125 | 0.2210 | 0.3417 | 0.3000 | 0.3354 | 0.2533 | 0.3333 | 0.2917 | 0.2979 | 0.3746 | 0.3760 | 0.3779 0.931 
16 0.3333 | 0.2357 | 0.3625 | 0.3209 | 0.3563 | 0.2808 | 0.3542 | 0.3125 | 0.3188 | 0.3974 | 0.3988 | 0.4007 0.935 
17 0.3542 | 0.2505 | 0.3833 | 0.3417 | 0.3771 | 0.2952 | 0.3750 | 0.3333 | 0.3396 | 0.4166 | 0.4180 | 0.4199 0.938 
18 0.3750 | 0.2652 | 0.4042 | 0.3625 | 0.3979 | 0.3176 | 0.3959 | 0.3542 | 0.3604 | 0.4391 | 0.4405 | 0.4424 0.941 
19 0.3959 | 0.2799 | 0.4250 | 0.3833 | 0.4188 | 0.3371 | 0.4167 | 0.3750 | 0.3813 | 0.4586 | 0.4600 | 0.4619 0.943 
20 0.4167 | 0.2947 | 0.4459 | 0.4042 | 0.4396 | 0.3592 | 0.4375 | 0.3959 | 0.4021 | 0.4809 | 0.4823 | 0.4842 0.945 
21 0.4375 | 0.3094 | 0.4667 | 0.4250 | 0.4604 | 0.3791 | 0.4583 | 0.4167 | 0.4229 | 0.5005 | 0.5019 | 0.5038 0.948 
22 0.4583 | 0.3241 | 0.4875 | 0.4459 | 0.4833 | 0.4011 | 0.4792 | 0.4375 | 0.4438 | 0.5226 | 0.5240 | 0.5259 0.950 
23 0.4792 | 0.3388 | 0.5083 | 0.4667 | 0.5021 | 0.4208 | 0.5000 | 0.4583 | 0.4646 | 0.5423 | 0.5437 | 0.5456 0.951 
24 0.5000 | 0.3536 | 0.5292 | 0.4875 | 0.5229 | 0.4427 | 0.5209 | 0.4792 | 0.4854 | 0.5643 | 0.5657 | 0.5676 0.953 
25 0.5209 | 0.3683 | 0.5500 | 0.5083 | 0.5438 | 0.4626 | 0.54.7 | 0.5000 | 0.5063 | 0.5840 | 0.5855 | 0.5874 0.955 
26 0.5417 | 0.3830 | 0.5709 | 0.5292 | 0.5646 | 0.4844 | 0.5625 | 0.5209 | 0.5271 | 0.6059 | 0.6074 | 0.6093 0.956 
27 0.5625 | 0.3978 | 0.5917 | 0.5500 | 0.5854 | 0.5043 | 0.5833 | 0.5417 | 0.5479 | 0.6258 | 0.6273 | 0.6292 0.958 
28 0.5833 | 0.4125 | 0.6125 | 0.5709 | 0.6063 | 0.5261 | 0.6042 | 0.5625 | 0.5688 | 0.6476 | 0.6491 | 0.6510 0.959 
29 0.6042 | 0.4272 | 0.6333 | 0.5917 | 0.6271 | 0.5461 | 0.6250 | 0.5833 | 0.5896 | 0.6675 | 0.6690 | 0.6709 0.960 
30 0.6250 | 0.4419 | 0.6542 | 0.6125 | 0.6479 | 0.5678 | 0.6459 | 0.6042 | 0.6104 | 0.6893 | 0.6908 | 0.6927 0.961 
31 0.6459 | 0.4567 | 0.6750 | 0.6333 | 0.6688 | 0.5878 | 0.6667 | 0.6250 | 0.6313 | 0.7093 | 0.7108 | 0.7127 0.962 
32 0.6667 | 0.4714 | 0.6959 | 0.6542 | 0.6896 | 0.6095 | 0:6875 | 0.6459 | 0.6521 | 0.7310 | 0.7325 | 0.7344 0.963 
33 0.6875 | 0.4861 | 0.7167 | 0.6750 | 0.7104 | 0.6296 | 0.7083 | 0.6667 | 0.6729 | 0.7511 | 0.7526 | 0.7545 0.964 
34 0.7083 | 0.5008 | 0.7375 | 0.6959 | 0.7313 | 0.6512 | 0.7292 | 0.6875 | 0.6988 | 0.7727 | 0.7742 | 0.7761 0.965 
35 0.7292 | 0.5156 | 0.7583 | 0.7167 | 0.7521 | 0.6713 | 0.7500 | 0.7083 | 0.7146 | 0.7928 | 0.7943 | 0.7962 0.966 
36 0.7500 | 0.5303 | 0.7792 | 0.7375 | 0.7729 | 0.6928 | 0.7709 | 0.7292 | 0.7354 | 0.8144 | 0.8159 | 0.8178 0.967 
37 0.7709 | 0.5450 | 0.8000 | 0.7583 | 0.7938 | 0.7130 | 0.7917 | 0.7500 | 0.7563 | 0.8345 | 0.8360 | 0.8379 0.968 
38 0.7917 | 0.5598 | 0.8209 | 0.7792 | 0.8146 | 0.7345 | 0.8125 | 0.7709 | 0.7771 | 0.8561 | 0.8576 | 0.8595 0.968 
39 0.8125 | 0.5745 | 0.8417 | 0.8000 | 0.8354 | 0.7547 | 0.8333 | 0.7917 | 0.7979 | 0.8763 | 0.8778 | 0.8797 0.969 
40 0.8333 | 0.5893 | 0.8625 | 0.8209 | 0.8563 | 0.7762 | 0.8542 | 0.8125 | 0.8188 | 0.8978 | 0.8993 | 0.9012 0.970 
41 0.8542 | 0.6040 | 0.8833 | 0.8417 | 0.8771 | 9.7965 | 0.8750 | 0.8333 | 0.8396 | 0.9180 | 0.9195 | 0.9214 0.971 
42 0.8750 | 0.6187 | 0.9042 | 0.8625 | 0.8979 | 0.8179 | 0.8959 | 0.8542 | 0.8604 | 0.9394 | 0.9409 | 0.9428 0.971 
43 0.8959 | 0.6335 | 0.9250 | 0.8833 | 0.9178 | 0.8382 | 0.9167 | 0.8750 | 0.8813 | 0.9596 | 0.9611 | 0.9630 0.972 
44 0.9167 | 0.6482 | 0.9459 | 0.9042 | 0.9396 | 0.8596 | 0.9375 | 0.8959 | 0.9021 | 0.9811 | 0.9826 | 0.9845 0.972 
45 0.9375 | 0.6629 | 0.9667 | 0.9250 | 0.9604 | 0.8798 | 0.9583 | 0.9167 | 0.9229 | 1.0013 | 1.0028 | 1.0047 0.973 
46 0.9583 | 0.6776 | 0.9875 | 0.9459 | 0.9833 | 0.9012 | 0.9792 | 0.9375 | 0.9488 | 1.0228 | 1.0243 | 1.0262 0.973 
47 0.9792 | 0.6924 | 1.0083 | 0.9667 | 1.6021 | 0.9216 | 1.0000 | 0.9583 | 0.9646 | 1.0429 | 1.0444 | 1.0463 0.974 
48 1.0000 | 0.7071 | 1.0292 | 0.9875 | 1.0229 | 0.9429 | 1.0209 | 0.9792 | 0.9854 | 1.0644 | 1.0659 | 1.0678 0.974 
49 1.0209 | 0.7219 | 1.0500 | 1.0083 | 1.0438 | 0.9633 | 1.0417 | 1.0000 | 1.0063 | 1.0847 | 1.0862 | 1.0881 0.975 
50 1.0417 | 0.7366 | 1.0709 | 1.0292 | 1.0646 | 0.9846 | 1.0625 | 1.0209 | 1.0271 | 1.1061 | 1.1076 | 1.1095 0.975 
51 1.0625 | 0.7513 | 1.0917 | 1.0500 | 1.0854 | 1.0051 | 1.0833 | 1.0417 | 1.0479 | 1.1265 | 1.1279 | 1.1299 0.976 
52 1.0833 | 0.7661 | 1.1125 | 1.0709 | 1.1063 | 1.0264 | 1.1042 | 1.0625 | 1.0688 | 1.1478 | 1.1492 | 1.1512 0.976 
53 1.1042 | 0.7808 | 1.1333 | 1.0917 | 1.1271 | 1.0468 | 1.1250 | 1.0833 | 1.0896 | 1.1682 | 1.1696 | 1.1716 0.977 
54 1.1250 | 0.7955 | 1.1542 | 1.1125 | 1.1479 | 1.0681 | 1.1459 | 1.1042 | 1.1104 | 1.1895 | 1.1909 | 1.1929 0.977 
55 1.1459 | 0.8103 | 1.1750 | 1.1333 | 1.1688 | 1.0884 | 1.1667 | 1.1250 | 1.1313 | 1.2099 | 1.2113 | 1.2133 0.977 
56 1.1667 | 0.8250 | 1.1959 | 1.1542 | 1.1896 | 1.1097 | 1.1875 | 1.1459 | 1.1521 | 1.2312 | 1.2326 | 1.2346 0.978 
57 1.1875 | 0.8397 | 1.2167 | 1.1750 | 1.2104 | 1.1301 | 1.2083 | 1.1667 | 1.1729 | 1.2516 | 1.2530 1.2550 0.978 
58 1.2083 | 0.8544 | 1.2375 | 1.1959 | 1.2313 | 1.1513 | 1.2292 | 1.1875 | 1.1938 | 1.2729 | 1.2743 1.2763 0.979 
59 1.2292 | 0.8692 | 1.2583 | 1.2167 | 1.2521 | 1.1717 | 1.2500 | 1.2083 | 1.2146 | 1.2933 | 1.2947 | 1.2967 0.979 
60 1.2500 | 0.8839 | 1.2792 | 1.2375 | 1.2729 | 1.1930 | 1.2709 | 1.2292 | 1.2354 | 1.3145 | 1 .8159 | 1.3179 0.979 


. The fits and tolerances suggested in this table are to be considered binding on a manufacturer or seller only when specifically agreed to in writing. 
Radius not required for fine pitches, see Figs. 6 and 7. 


INVOLUTE SERRATIONS 


TABLE 10—64/128, 80/160, and 128/256 Diametral Pitches* 


PRESSURE ANGLE, 45° 


557 


INT AND EXT INTERNAL EXTERNAL 
Pitch pee Major Minor TIF Mirae Major Minor TIF Measurement 
N diam alsa diam diam diam between diam diam diam over pins Feciek 
in 
Ref Ref Min Min Min ag Basic Max Max Class A | Class B_| Class C 
1 2 3 4 5) 6 7 8 9 10 11 12 13 14 
R ded i H H 4 : 
Ces Fo:0000 | 0.0000 Max | *o'0020 | “0.0020 Min | Min | Min 
64/128 Diametral Pitch | _ Circular Pitch, 0.0491 | Addendum, External, 0.0078 
Measuring-Pin Diam, 0.0300 Circular Tooth Thickness, 0.0277 Addendum, Internal, 0.0047 
11 0.1719 | 0.1216 | 0.1938 | 0.1625 | 0.1891 | 0.1276 | 0.1875 | 0.1562 | 0.1609 | 0.2171 | 0.2184 | 0.2203 0.914 
12 0.1875 | 0.1326 | 0.2094 | 0.1781 | 0.2047 | 0.1449 | 0.2031 | 0.1719 | 0.1766 | 0.2347 | 0.2360 | 0.2379 0.919 
13 0.2031 | 0.1437 | 0.2250 | 0.1938 | 0.2203 | 0.1591 | 0.2187 | 0.1875 | 0.1922 | 0.2488 | 0.2501 | 0.2520 0.924 
14 0.2187 | 0.1547 | 0.2406 | 0.2094 | 0.2359 | 0.1762 | 0.2344 | 0.2031 | 0.2078 | 0.2661 | 0.2674 | 0.2693 0.928 
15 0.2344 | 0.1658 | 0.2563 | 0.2250 | 0.2516 | 0.1907 | 0.2500 | 0.2187 | 0.2234 | 0.2802 | 0.2816 | 0.2835 0.931 
16 0.2500 | 0.1768 | 0.2719 | 0.2406 | 0.2672 | 0.2075 | 0.2656 | 0.2344 | 0.2391 | 0.2973 | 0.2987 | 0.3006 0.935 
17 0.2656 | 0.1879 | 0.2875 | 0.2563 | 0.2828 | 0.2221 | 0.2812 | 0.2500 | 0.2547 | 0.3117 | 0.3131 | 0.3150 0.938 
18 0.2812 | 0.1989 | 0.3031 | 0.2719 | 0.2984 | 0.2389 | 0.2969 | 0.2656 | 0.2703 | 0.3286 | 0.3300 | 0.3319 0.941 
19 0.2969 | 0.2100 | 0.3188 | 0.2875 | 0-3141 | 0.2586 | 0.3125 | 0.2812 | 0.2859 | 0.3432 | 0.3446 | 0.3465 0.943 
20 0.3125 | 0.2210 | 0.3344 | 0.3031 | 0.3297 | 0.2701 | 0.3281 | 0.2969 | 0.3016 | 0.3599 | 0.3613 | 0.3632 0.945 
21 0.3281 | 0.2320 | 0.3500 | 0.3188 | 0.3453 | 0.2851 | 0.3487 | 0.3125 | 0.3172 | 0.3746 | 0.3760 | 0.3779 0.948 
22 0.3437 | 0.2431 | 0.3656 | 0.3344 | 0.3609 | 0.3015 | 0.3594 | 0.3281 | 0.3328 | 0.3912 | 0.3926 | 0.3945 0.950 
| 23 0.3594 | 0.2541 | 0.3813 | 0.3500 | 0.3766 | 0.3163 | 0.3750 | 0.3437 | 0.3485 | 0.4060 | 0.4074 | 0.4093 0.951 
| j 24 0.3750 | 0.2652 | 0.3969 | 0.8656 | 0.3922 | 0.3327 | 0.3906 | 0.3594 | 0.3641 | 0.4225 | 0.4239 | 0.4258 0.953 
| 25 0.3906 | 0.2762 | 0.4125 | 0.3818 | 0.4078 | 0.3477 | 0.4062 | 0.3750 | 0.3797 | 0.4872 | 0.43887 | 0:4406 0.955 
; . 26 0.4062 | 0.2872 | 0.4281 | 0.3969 | 0.4234 | 0.3640 | 0.4219 | 0.3906 | 0.3953 | 0.4537 | 0.4552 | 0.4571 0.956 
f : 27 0.4219 | 0.2983 | 0.4488 | 0.4125 | 0.4891 | 0.3790 | 0.4875 | 0.4062 | 0.4109 | 0.4686 | 0.4701 | 0.4720 0.958 
i 28 0.4375 | 0.3094 | 0.4594 | 0.4281 | 0.4547 | 0.3953 | 0.4531 | 0.4219 | 0.4266 | 0.4850 | 0.4865 | 0.4884 0.959 
| 29 0.4531 | 0.3204 | 0.4750 | 0.4438 | 0.4703 | 0.4103 | 0.4687 | 0.4375 | 0.4422 | 0.4999 | 0.5014 | 0.5033 0.960 
i 30 0.4687 | 0.3315 | 0.4906 | 0.4594 | 0.4859 | 0.4265 | 0.4844 | 0.4531 | 0.4578 | 0.5162 | 0.5177 | 0.5196 0.961 
i i 31 0.4844 | 0.3425 | 0.5063 | 0.4750 | 0.5016 | 0.4416 | 0.5000 | 0.4687 | 0.4734 | 0.5312 | 0.5327 | 0.5346 0.962 
i 80/160 Diametral Pitch Circular Pitch, 0.0393 Addendum, External, 0.0063 
| { Measuring-Pin Diam, 0.0240 Circular Tooth Thickness, 0.0221 Addendum, Internal, 0.0038 
| ial 0.1375 | 0.0972 | 0.1550 | 0.1300 | 0.1513 | 0.1027 | 0.1500 .| 0.1250 | 0.1288 | 0.1730 | 0.1743 | 0.1762 0.914 
/ 12 0.1500 | 0.1061 | 0.1675 | 0.1425 | 0.1638 | 0.1165 | 0.1625 | 0.13875 | 0.1413 | 0.1872 | 0.1885 | 0.1904 0.919 
13 0.1625 | 0.1149 | 0.1800 | 0.1550 |:0.1763 | 0.1279 | 0.1750 | 0.1500 | 0.1538 | 0.1984 | 0.1997 | 0.2016 0.924 
14 0.1750 | 0.1237 | 0.1925 | 0.1675 | 0.1888 | 0.1415 | 0.1875 | 0.1625 | 0.1663 | 0.2122 | 0.2135 | 0.2154 0.928 
15 0.1875 | 0.1326 | 0.2050 | 0.1800 | 0.2013 | 0.1531 | 0.2000 | 0.1750 | 0.1788 | 0.2286 | 0.2250 | 0.2269 0.931 
i 16 0.2000 | 0.1414 | 0.2175 | 0.1925 | 0.2138 | 0.1666 | 0.2125 | 0.1875 | 0.1913 | 0.2372 | 0.2386 | 0.2405 0.935 
| 17 0.2125 | 0.1503 | 0.2300 | 0.2050 | 0.2263 | 0.1783 | 0.2250 | 0.2000 | 0.2038 | 0.2488 | 0.2502 | 0.2521 0.938 
} 18 0.2250 | 0.1591 | 0.2425 | 0.2175 | 0.2388 | 0.1916 | 0.2375 | 0.2125 | 0.2163 | 0.2623 | 0.2637 | 0.2656 0.941 
| 19 0.2375 | 0.1679 | 0.2550 | 0.2300 | 0.2513 | 0.2034 | 0.2500 | 0.2250 | 0.2288 | 0.2739 | 0.2753 | 0.2772 0.943 
| 20 0.2500 | 0.1768 | 0.2675 | 0.2425 | 0.2638 | 0.2166 | 0.2625 | 0.2375 | 0.2413 | 0.2873 | 0.2887 | 0.2906 0.945 
i 21 0.2625 | 0.1856 | 0.2800 | 0.2550 | 0.2763 | 0.2286 | 0.2750 | 0.2500 | 0.2538 | 0.2991 | 0.8005 | 0.3024 0.948 
| 22 0.2750 | 0.1944 | 0.2925 | 0.2675 | 0.2888 | 0.2418 | 0.2875 | 0.2625 | 0.2663 | 0.3124 | 0.3138 | 0.3157 0.950 
] 23 0.2875 | 0.2033 | 0.3050 | 0.2800 | 0.3013 | 0.2536 | 0.3000 | 0.2750 | 0.2788 | 0.3242 | 0.3256 | 0.3275 0.951 
| | 24 0.3000 | 0.2121 | 0.3175 | 0.2925 | 0.3138 | 0.2667 | 0.3125 | 0.2875 | 0.2913 | 0.3374 | 0.3388 | 0.3407 0.953 
1 25 0.3125 | 0.2210 | 0.3300 | 0.3050 | 0.3263 | 0.2786 | 0.3250 | 0.3000 | 0.3038 | 0.3492 | 0.3507 | 0.3526 0.955 
\ 26 0.3250 |. 0.2298 | 0.3425 | 0.3175 | 0.3388 | 0.2918 | 0.3375 | 0.3125 | 0.3163 | 0.3623 | 0.3638 | 0.3657 0.956 
| 27 0.3375 | 0.2387 | 0.3550 | 0.3300 | 0.3513 | 0.30387 | 0.3500 | 0.3250 | 0.3288 | 0.3742 | 0.3757 | 0.3776 0.958 
| 128/256 Diametral Pitch | Circular Pitch, 0.0246 | Addendum, External, 0.0039 
| Measuring-Pin Diam, 0.0150 Circular Tooth Thickness, 0.0139 Addendum, Internal, 0.0023 
| i bit 0.0859 | 0.0608 | 0.0968 | 0.0813 | 0.0945 | 0.0653 | 0.0937 | 0.0781 | 0.0805 | 0.1071 | 0.1084 | 0.1103 0.914 
| 12 0.0937 | 0.0663 | 0.1047 | 0.0890 | 0.1023 | 0.0739 | 0.1016 | 0.0859 | 0.0883 | 0.1159 | 0.1172 | 0.1191 0.919 
| 13 0.1016 | 0.0718 | 0.1125 | 0.0968 | 0.1102 | 0.0810 | 0.1094 | 0.0937 | 0.0961 | 0.1320 | 0.1243 | 0.1262 0.924 
1 14 0.1094 | 0.0773 | 0.1203 | 0.1047 | 0.1180 | 0.0895 | 0.1172 | 0.1016 | 0.1089 | 0.1316 | 0.1329 | 0.1348 0.928 
[ 15 0.1172 | 0.0829 | 0.1281 | 0.1125 | 0.1258 | 0.0967 | 0.1250 | 0.1094 | 0.1117 | 0.1386 | 0.1400 | 0.1419 0.931 
; 16 0.1250 | 0.0884 | 0.1359 | 0.1203 | 0.1336 | 0.1052 | 0.1328 | 0.1172 | 0.1195 | 0.1471 | 0.1485 | 0.1504 0.935 
17 0.1328 | 0.0939 | 0.1438 | 0.1281 | 0.1414 | 0.1125 | 0.1406 | 0.1250 | 0.1273 | 0.1544 | 0.1558 | 0.1577 0.938 
18 0.1406 | 0.0994 | 0.1516 | 0.1359 | 0.1492 | 0.1208 | 0.1484 | 0.1328 | 0.1352 | 0.1628 | 0.1642 | 0.1661 0.941 
19 0.1484 | 0.1050 | 0.1594 | 0.1438 | 0.1570 | 0.1282 | 0.1563 | 0.1406 | 0.1430 | 0.1701 | 0.1715 | 0.1734 0.943 
20 0.1563 | 0.1105 | 0.1672 | 0.1516 | 0.1648 | 0.1364 | 0.1641 | 0.1484 | 0.1508 | 0.1784 | 0.1798 | 0.1817 0.945 
21 0.1641 | 0.1160 | 0.1750 | 0.1594 | 0.1727 | 0.1440 | 0.1719 | 0.1563 | 0.1586 | 0.1858 | 0.1872 | 0.1891 0.948 
22 0.1719 | 0.1215 | 0.1828) 0.1672 | 0.1805 | 0.1522 | 0.1797 | 0.1641 | 0.1664 | 0.1941 | 0.1955 | 0.1974 0.950 
23 0.1797 | 0.1271 | 0.1906 | 0.1750 | 0.1883 | 0.1595 | 0.1875 | 0.1719 | 0.1742 | 0.2015 | 0.2029 | 0.2048 0.951 
24 0.1875 | 0.1326 } 0.1984 | 0.1828 | 0.1961 | 0.1678 | 0.1953 | 0.1797 | 0.1820 | 0.2098 | 0.2112 | 0.2131 0.953 


558 INVOLUTE SERRATIONS 


TABLE 11—Internal Serration, Maximum Space Width 


DIAMETRAL | DIAMETRAL | DIAMETRAL | DIAMETRAL peti DIAMETRAL | DIAMETRAL | DIAMETRAL’ | DIAMETRAL —— 
PITCH PITCH PITCH PITCH Peter PITCH PITCH PITCH PITCH ibe 
10/20 16/32 24/48 32/64 0.0553 10/20 16/32 24/48 32/64 0.0553 a 
PIN PIN es 
MEAS 40/80 0.0443 MEAS 40/80 0.0443 : 
N FACTOR N FACTOR ; 
Basic Basic Basic 48/96 0.0369 Basic Basic Basic 48/96 0.0369 
Space Space Space Space Space Space oo 
Width Width Width 64/128 0.0277 Width Width Width 64/128 0.0277 ; 
80/160 0.0221 80/160 0.0221 
F 0.1771 0.1107 0.0738 128/256 0 0138 F 0.1771 0.1107 0.0738 128/256 0.0138 : 
6 1.389 0.0026 0.0026 0.0026 0.0026 51 1.019 0.0030 0.0028 0.0028 0.0028 } 
7 1.248 0.0027 0.0026 0.0026 0.0026 52 1.019 0.0030 0.0028 0.0028 0.0028 J 
8 1.206 0.0027 0.0026 0.0026 0.0026 53 1.018 0.0030 0.0029 0.0028 0.0028 ; 
9 1.151 0.0027 0.0026 0.0026 0.0026 54 1.018 0.0030 0.0029 0.0028 0.0028 Z 
10 1.148 0:0027 0.0026 0.0026 0.0026 55 1.018 0.0030 0.0029 0.0028 0.0028 ' 
11 ita Gl 0.0027 0.0027 0.0026 0.0026 56 1.018 0.0030 0.0029 0.0028 0.0028 | 
12 1.110 0.0027 0.0027 0.0026 0.0026 57 1.018 0.0030 0.0029 0.0028 0.0028 i" 
13 1.081 0.0027 0.9027 0.0026 0.0026 58 1.017 0.0030 0.0029 0.0028 0.0028 { 
14 1.089 0.0027 0.0027 0.0027 0.0026 59 1.016 ++ -0.0030- | 0.0029 0.0028 0.0028 
15 1.075 0.0027 0.0027 0.0027 0.0026 60 1.016 0.0030 0.0029 0.0028 0.0028 
16 1.075 0.0027 0.0027 0.0027 0.0026 61 1.016 0.0030 0.0029 0.0028 0.0028 
17 1.065 0.0027 0.0027 0.0027 0.0026 .| 62 1.015 0.0030 0.0029 0.0028 0.0028 : 
18 1.065 0.0027 0.0027 0.0027 0.0026 63 1.015 0.0031 0.0029 0.0028 0.0028 
19 1.058 0.0027 0.0027 0.0027 0.0026 64 1.015 0.0031 0.0029 0.0028 0.0028 
20 1.056 0.0027 0.0027 0.0027 0.0026 65 1.015 0.0031 0.0029 0.0028 0.0028 
21 1.051 0.0028 0.0027 0.0027 0.0027 66 1.015 0.0031 0.0029 0.0028 0.0028 
22 1.051 0.0028 0.0027 0.0027 0.0027 67 1.015 0.0031 0.0029 0.0028 0.0028 q 
23 1.047 0.0028 0.0027 0.0027 0.0027 68 1.014 0.0031 0.0029 0.0028 0.0028 } 
24 1.046 0.0028 0.0027 0.0027 0.0027 69 1.014 0.0031 0.0029 0.0028 0.0028 
25 1.041 0.0028 0.0027 0.0027 0.0027 : 70 1.014 0.0031 0.0029 0.0029 0.0028 
26 1.041 0.0028 0.0027 | 0.0027 0.0027 71 1.014 0.0031 0.0029 0.0029 0.0028 
27 1.039 0.0028 0.0027 0.0027 0.0027 72 1.014 0.0031 0.0029 0.0029 0.0028 
28 1.038 0.0028 0.0027 0.0027 0.0027 13 1.013 0.0031 0.0029 0.0029 0.0028 
29 1.036 0.0028 0.0027 0.0027 0.0027 74 1.013 0.0031 0.0030 0.0029 0.0028 
30 1.036 0.0028 0.0027 0.0027 0.0027 75 1.013 0.0031 . 0.0030 0.0029 0.0028 
31 1.032 0.0028 0.0027 0.0027 0.0027 76 1.0138 0.0031 0.0030 0.0029 0.0028 
32 1.032 0.0028 0.0028 0.0027 0.0027 77 1.013 0.0032 0.0030 0.0029 0.0028 
33 1.031 0.0028 0.0028 0.0027 0.0027 78 1.012 0.0032 0.0030 0.0029 0.0028 
34 1.031 0.0028 0.0028 0.0027 0.0027 79 1.012 0.0032 0.0030 0.0029 0.0028 
35 1.028 0.0029 0.0028 0.0027 0.0027 80 1.012 0.0032 0.0030 0.0029 0.0028 
36 1.028 0.0029 0.0028 0.0027 0.0027 81 1.012 0.0032 0.0030 0.0029 0.0028 
37 1.027 0.0029 0.0028 0.0027 0.0027 82 1.012 0.0032 0.0030 0.0029 0.0028 
38 1.027 0.0029 0.0028 0.0027 0.0027 83 1.012 0.0032 0.0030 0.0029 0.0028 
39 1.025 0.0029 0.0028 0.0027 0.0027 84 1.011 0.0032 0.0030 0.0029 0.0028 
40 1.025 0.0029 0.0028 0.0027 0.0027 85 1.011 0.0032 0.0030 0.0029 0.0028 
41 1.023 0.0029 0.0028 0.0027 0.0027 86 1.011 0.0032 0.0030 0.0029 0.0028 
42 1.023 0.0029 0.0028 0.0028 0.0027 87 1.011 0.0032 0.0036 0.0029 0.0028 
43 1.022 0.0029 0.0028 0.0028 0.0027 88 1.011 0.0032 0.0030 0.0029 0.0028 
ad 1.022 0.0029 0.0028 0.0028 0.0027 89 1.011 0.0032 0.0030 0.0029 0.0028 
45 1.022 0.0029 0.0028 0.0028 0.0027 90 1.011 0.0032 0.0030 0.0029 0.0028 
46 1.022 0.0029 0.0028 0.0028 0.0027 91 1.011 0.0033 0.0030 0.0029 0.0028 
47 1.021 0.6029 0.0028 0.0028 0.0027 92 1.011 0.0033 0.0030 0.0029 0.0028 
48 1.021 0.0029 0.0028 0.0028 0.0027 93 1.011 0.0033 0.0030 0.0029 0.0028 
49 1.020 0.0030 0.0028 0.0028 _ 0.0027 94 1.010 0.0033 0.0031 0.0029 0.0028 
50 1.020 0.0030 0.0028 0.0028 0.0027 95 1.010 0.0033 0.0031 0.0029 0.0028 
96 1.010 0.0033 0.0031 0.0029 0.0028 
97 1.010 0.0033 0.0031 0.0029 0.0028 
98 1.010 0.0033 0.0031 0.0030 0.0028 
99 1.010 0.0033 0.0031 0.0030 0.0028 
100 1.010 0.0033 0.0031 0.0030 0.0028 


é Obtain <Miaait space width by adding the amount given to the basic space width at the head of the appropriate column. Add lead allowable error (60%) from Table 2 
when required. 


b Measurements between pins are obtained by multiplying table dimensions by factor F and adding result to the appropriate basic measurement in Table 12. 
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560 . INVOLUTE SERRATIONS 


TABLE 13—Ezxternal Serration, Minimum Tooth Thickness* 


DIAMETRAL BASIC TOOTH DIAMETRAL BASIC TOOTH DIAMETRAL BASIC TOOTH DIAMETRAL BASIC TOOTH { 
PITCH THICKNESS PITCH THICKNESS PITCH THICKNESS PITCH THICKNESS 
32/64 0.0553- 
40/80 0.0443 
48/96 0.0369 
10/20 0.1771 16/32 0.1107 24/48 0.0738 
N 64/128 0.0277 
80/160 0.0221 
128/256 0.0138 
Class of fit Class of fit Class of fit Class of fit 
A B Cc A B c A B Gal. (oA B ates 
6 37 22 » 37 22 2 32 17 +3 32 17 555) ‘ 
7 37 22 2 37 22 2 32 17 +3 32 tz sees A 
8 37 22 2 37 22 2 32 17 +3 32 17 3 ; 
9 37 22 2 37 22 2 32 17 +3 32 17 '~ 7 ieee 
10 38 23 3 37 22 2 32 17 +3 32 17 +3 ff 
u 38 23 3 37 22 2 32 17 vile spe ENS32 17 se V 
12 38 23 3 37-3 22 2 32 ET. 43 32 17 > oe 
13 38 23 3 37 22 2 32 17 +3 32 17 +3 
14 38 23 3 38 23 3 32 17 eS 32 17 +3 
15 38 23 3 38 23 3 32 17 =E3 32 17 6) 
16 38 23 2 38 23 3 32 17 +3 32 17 +3 
17 38 23 3 38 23 3 32 17 “8 32 17 Ae 
18 38 23 3 38 23 3 32 17 +3 32 17 +3 
19 38 23 3 38 23 3 32 17 +3 32 17 +3 
20 38 23 3 38 23 3 32 rae +3 32 17 EES 
21 38 23 3 38 23 3 32 17 43 32 17 +3 
22 38 23 3 38 23 3 32 17 +3 32 17 +3 
23 38 23 3 38 23 3 32 17 +3 32 17 +3 
24 38 23 3 38 23 3 32 17 =E3 32 17 +3 q 
25 39 24 4 38 23 3 32 17 “13 32 if +3 
26 39 24 4 38 23 3 32 17 +3 32 17 +3 
27 39 24 4 38 23 3 32 17 +3 32 17 +3 
28 39 24 4 38 23 3 33 18 AS 32 17 +3 
29 39 24 4 38 23 3 33 18 =4) 32 17 +83 
30 39 24 4 38 23 3 33 18 589 ae B32 17 +3 
31 39 24 4 38 23 3 33 18 +2 32 17 +3 
32 39 24 4 38 23 3 33 18 ID) 32 17 +3 
33 39 24 4 38 23 3 33 18 ALY 32 17 +3 
34 39 24 4 38 23 3 33 18 49; 32 17 +3 
35 39 24 4 38 23 3 33 18 A 32 17 +3 
36 39 24 4 38 23 3 33 18 +2 32 17 +3 
37 39 24 4 38 23 3 33 18 1p 32 17 43 
38 39 24 4 38 23 3 33 18 "2 32 17 43 
39 39 24 4 38 23 3 33 18 +2 32 17 43 
40 39 24 4 38 23 3 33 18 Sipe dir oey 17 +3 
41 39 24 4 38 23 3 33 18 +2 32 17 +3 
42 40 25 5 39 24 4 33 18 +2 33 18 +2 
43 40 25 5 39 24 4 33 18 sup 33 18 +2 
44 40 25 5 39 24 4 33 18 Ay 33 18 Sey 
45 40 25 5 39 24 4 33 18 AG 33 18 +2 
46 40 25 5 39 24 4 33 18 up) 33 18 +2 
47 40 25 5 39 24 4 33 18 42 33 18 ee 
48 40 25 5 39 24 4 33 18 any 33 18 2 
49 40 25 5 39 24 4 33 18 42 33 18 +2 
50 40 25 5 39 24 4 33 18 42 33 18 ANG 


® Obtain minimum tooth thickness by deducting the amount given, X 0.0001, from the basic tooth thickness at the head of the appropriate column, except where sign + 
parc figure add to the basic tooth thickness. Measurements over pins are obtained by multiplying table dimensions by factor H and subtracting result from the appropriate 
asic measurement in Table 14. 


(Continued on next page.) 


INVOLUTE SERRATIONS 561 


TABLE 13—External Serration, Minimum Tooth Thickness® (Concluded) 


DIAMETRAL BASIC TOOTH DIAMETRAL BASIC TOOTH DIAMETRAL BASIC TOOTH DIAMETRAL BASIC TOOTH 
” PITCH THICKNESS PITCH THICKNESS PITCH THICKNESS PITCH THICKNESS 
32/64 0.0553 
40/80 0.0443 
48/96 0.0369 
| 10/20 0.1771 16/32 0.1107 24/48 0.0738 
N 64/128 0.0277 
| 80/160 0.0221 
j | 128/256 0.0138 
Class of fit Class of fit Class of fit Class of fit 
| A Bey Cc A B Cc A B © A B C 
51 40 25 5 39 24 4 33 18 +2 33 18 +2 
52 40 25 5 39 24 4 33 18 +2 33 18 +2 
53 40 25 5 39 24 4 33 18 +2 33 18 +2 
54 40 25 D 39 24 4 33 18 +2 33 18 +2 
55 40 25 5 39 24 4 33 18 +2 33 18 +2 
56 40 25 5 39 24 4 33 18 +2 33 18 +2 
il 57 AO 25 5 39 24 4 33 18 +2 33 18 +2 
58 40 25 5 39 24 4 33 18 +2 33 18 +2 
59 41 26 6 39 24 4 30 18 +2 33 18 +2 
60 Al 26 6 39 24 4 33 18 +2 33 18 +2 
61 41 26 6 39 24 4 33 18 +2 33 18 +2 
62 Al 26 6 39 24 4 33 18 +2 33 18 +2 
63 AL 26 6 39 24 4 33 18 +2 ey 18 +2 
64 41 26 6 39 24 4 33 18 +2 33 18 +2 
65 41 26 6 39 24 4 33 18 +2 33 18 +2 
66 Al 26 6 39 24 4 33 18 +2 33 18 +2 
: | 67 Al 26 6 39 24 4 33 18 +2 33 18 +2 
68 41 26 6 39 24 4 33 18 +2 33 18 +2 
69 Al 26 6 39 24 4 33 18 +2 33 18 +2 
70 Al 26 6 40 25 5 33 18 +2 33 18 +2 
71 Al 26 6 40 25 5 33 18 +2. 33 18 +2 
72 41 26 6 40 25 5 33 18 +2 33 18 +2 
73 41 26 6 40 25 5 3p) 18 +2 33 18 +2 
| 74 41 26 6 40 25 5 33 18 +2 33 18 +2 
75 42 27 df 40 25 5 33 18 +2 33 18 +2 
; 76 42 27 7 40 25 5 33 18 +2 33 18 +2 
77 42 27 7 40 25 5 33 18 +2 33 18 +42 
78 42. 27 7 40 2 5 33 18 +2 33 18 +2 
| 79 42 20 ra 40 25 5 33 18 +2 33 18 +2 
| 80 42 27 7 40 25 5 33 18 +2 33 18 +2 
I 
| 81 42 27 7 40 25 5 33 18 +2 30 18 +2 
| 82 42 27 7 40 25 5 33 18 +2 Oo) 18 +2 
i} 83 A2 27 uf 40 25 5 33 18 +2 | 33 18 +2 
1 84 42 27 ii 40 25 5 34 19 +1 33 18 +2 
| 85 42 2th 7 40 25 5 34 19 +1 33 18 +2 
j 86 42 27 ie 40 25 5 34 19 +1 33 18 +2 
| 87 42 27 i 40 25 5 34 19 +1 33 18 +2 
88 42 Qi. i 40 25 5 34 19 +1 33 18 +2 
89 42 Pate 7 40 25 5 34 19 +1 33 18 +2 
| 90 42 27 7 40 25 5 34 19 421 33 18 +2 
] 
| 91 42 27 7 40 25 5 34 19 +1 33 18 +2 
} 92 43 28 8 40 25 5 34 19 +1 33 18 +2 
93 43 28 8 40 - 25 5 34 19 +1 33 18 +2 
94 43 28 8 40 25 5 34 19 +1 33 18 +2 
95 43 28 8 40 25 5 34 19 +1 33 18 +2 
96 43 28 8 40 25 5 34 19 +1 33 18 +2 
97 43 28 8 40 25 5 34 19 +1 33 18 +2 
98 43 28 8 4l 26 6 34 19 +1 33 18 +2 
99 43 28 8 41 26 6 34 19 +1 33 18 +2 
100 43 28 8 Al 26 6 34 19 +1 33 18 +2 


® Obtain minimum tooth thickness by deducting the amount given, X 0.0001, from the basic tooth thickness at the head of the appropriate column, except where sign + 
pen figure add to the basic tooth thickness. Measurements over pins are obtained by multiplying table dimensions by factor Z and subtracting result from the appropriate 
asic measurement in Table 14. 
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Hobs and Broaches—Because of manufacturing restrictions 
on the total number of teeth in a hob, the length of the hubs 
may be increased in some cases to effect a reduction in the width 
of cutting face. 

Broach design will be in accordance with the specifications 
given in the tables for internal serrations. The length of the 
broach is determined by the length of the part, the hardness, 
the type of material to be broached, and the broaching equip- 
ment available. 

See Figs. 6 through 13. 


pi | 


Fie. 6—4DP Hos-Tootn Form 
Note 1—This dimension does not apply to 40/80 DP and finer DP. 
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Fie. 8—-}4DP Ssaper-Currer Toots Form 


Note 1—This dimension does not apply to 40/80 DP and finer DP. 


TABLE 16—Angle A (See Fig. 9) 


N A N A wale N 


Z A 
oe Sette 15 1° 34’ |} 30 1° 40’ 50 1° 43’ 
8°} 1°26’ | 20 1° 37’ | 35 1° 41’ || 70 1° 44’ 
10 | 1°28’ | 25 1° 39’ | 40 1° 42’ || 100 1° 45’ 
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Appendix I—Cutting Tools and Data 


TABLE 15—Recommended Hob Dimensions 


BORE> 1.2500 0.7500 0.5000 0.3150 
DP OD | Width} OD | Width} OD | Width | OD | Width 
10/20 2.500} 2.500) 1.750} 1.750) 1.250) 1.250; — == 
16/32 2.500} 2.500) 1.750} 1.750) 1.250) 1.250; — = 
24/48 2.500) 2.500) 1.750} 1.750) 1.250) 1.250) — = 
32/64 = — | 1.500} 1.500} 1.125) 1.125) 0.750) 0.500 
40/80 = — | 1.500) 1.500) 1.125) 1.125} 0.750} 0.500 
48/96 = — | 1.500) 1.500) 1.125) 1.125} 0.750} 0.500 
64/128 — — | 1.500) 1.500) 1.125] 1.125} 0.750} 0.500 
80/160 == — | 1.500} 1.500} 1.125] 1.125) 0.750) 0.500 

128/256 _ — | 1.500) 1.500) 1.125) 1.125} 0.750) 0.500 


Fic.7—}gDP Broacu-Tootu Form 
Note 1—This dimension does not apply to 40/80 DP and finer DP 


USE TABLE 
TAPER 0.75 IN. PER DIMENSIONS 
OF TAPER 


INCLUDED ANGLE 
3.57982°=(3°-34'-47') 


A 1.78991° 
(1°-47'-23") 


CUTTING ANGLE FORMULA 


Fic. 9—TaperReD SERRATION (SEE TABLE 16) 


For Fig. 9, 


N-1 
SAT a3QF-1) (7) 
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Appendix II—Allowable Deviations 


Straight-Sided Teeth—There are some conditions in which 
straight-sided serrations are acceptable, especially for the internal 
serration where the broach teeth may be made with sides straight 
instead of involute. The difference between a straight line and 
the involute will be called the deviation. Fig. 11 shows the 
deviation from a straight-sided tooth, the amount of which has 
been calculated for different numbers of teeth and plotted on a 
chart, which is Fig. 10. 

Good manufacturing practice has indicated that where the 
deviation was 0.0015 or less, a straight-sided internal serration 
was acceptable and would allow the broach to be made with 
straight-sided teeth. Since the actual deviation on each diametral 
pitch must be held with 0.0015, and Fig. 10 shows the deviation 
for 44 diametral pitch, it is necessary for comparison to multiply 
0.0015 by the diametral pitch to obtain the equivalent deviation. 
For example, the equivalent deviation for 24/48 diametral 
pitch is 0.0015 x 24 = 0.0036. In Fig. 10, for this deviation the 
number of teeth is 20; so that for 24/48 diametral pitch, serra- 
tions for 20 or less teeth should be made involute because the 
deviation is greater than 0.0015, and serrations of 21 or more 
teeth may be made with straight sides because the deviation is 
less than 0.0015. 

Fig. 12 shows the dividing line for all diametral pitches between 


NO. OF SERRATIONS N 


ea 


-010 .020 .030 .040 .050 .060 .070 .080 
DEVIATION INGHES 


Fic. 10—DerviatTion From Straicut Ling, 4% DP 


STRAIGHT SIDE a 
IN 
Ee 
ast Ie 
16/32 | 32/64 | 48/96 
24/48 40/80 


P=10 


NO. OF SERRATIONS N 


Fig. 12—Division BETWEEN INVOLUTE AND 
STRAIGHT-SIDED TEETH 


serrations which should be made with involute teeth and those 
which may be made with straight sided teeth. The maximum 
number of teeth in the involute zone is shown for each diametral 
pitch along the curve. 


For Figs. 11 and 13, 


202.918730° 


Angle C = 90° — 
N 


(8) 

Pin Measurement—With straight-sided serrations, the pin 
measurements from Tables 4 to 10, inclusive (Col 7) will give 
slightly tighter fits than with involute sides. Correct measure- 
ments may be calculated by formulas given below: 


N, even 
Dera 
FT ie ea 
—e (9) 
sin — 
2 
N, odd 
90° /D, —d 
Oe he iGh 2 —d (10) 
tC) 
sin — 
2 


DEVIATION FROM STRAIGHT C INCLUDED ANGLE 


MAJOR 
DIA 


PITCH DIA 


BASE CIRCLE 


Fie. 11—Mersop or DETERMINING INCLUDED ANGLE FOR 
SERRATION TEETH 


o 
(o) 


INCLUDED ANGLE C° 


20 30 40 


Fic. 13—ApproxIMATE ANGLES OBTAINED FOR C BY USE OF 


Formuta (8) 


———— ss. 
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Parallel-Side Splines for Soft- 
Broached Holes in Fittings 


[The dimensions, given in inches, apply only to soft-broached 
holes. The shaft dimensions depend upon the shape and material of 
the parts, their heat-treatment, and methods of machining to give 
the required fit. The method and amount of ‘breaking’ sharp corners 
and edges also depend upon the conditions and requirements of each 
application. 

The formula for theoretical torque capacity (pressure on sides of 


~ spline) in inch-pounds per inch of bearing length (L) and at 1000 


pst pressure ts: 

T = Torque = 1000 X No. of splines X mean radius X h X L 
The tolerances allowed are for good construction and may be 

readily maintained by usual broaching methods. The tolerances 

selected for the large and small diameters will depend upon whether 

the fit between the mating parts, as finally made, 1s on the large or 


4 Spline 6 Spline 10 Spline 16 Spline 


Fig. 1—Dimensions For 4, 6, 10, AND 16 SPLINE FITTINGS 
(Sez TABLE 1) 
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SAE Standard 


Report of Broaches Division approved January 1914, last revised by Shaft Fittings Division March 1920, and reviewed January 1936. 


the small diameter. The other diameter, being designed for clearance 
may have a wider manufacturing tolerance. If the final fit between 
the parts vs on only the sides of the spline, wider tolerances may be 
permitted on both the large and small diameters.] 


Radii on corners of splines are not to exceed 0.015 in. 

Splines shall not be more than 0.006 in. per ft out of parallel 
with respect to the axis of the shaft. 

No allowance is made for radii on corners or for clearance. 
Dimensions are intended to apply to only the soft-broached hole. 
Allowance must be made for machining. 

For values of D, W, d, h, and T for four-, six-, ten-, and six- 
teen-spline fittings, see Tables 2, 3, 4, and 5, respectively. 


TABLE 1—W, h, and d, in Terms of Large Diameter, D 


A, B, C, 
TO SLIDE NOT UNDER TO SLIDE UNDER 
, 
FOR ALL PERMANENT FIT LOAD LOAD 
FITS 


NUMBER OF 
SPLINES 


h d h d h d 


4 | 0.241D+| 0.075D | 0.850D | 0.125D | 0.750D == == 

6 | 0.250D | 0.050D | 0.900D | 0.075D | 0.850D | 0.100D | 0.800D 
10 | 0.156D | 0.045D | 0.910D | 0.070D | 0.860D | 0.095D | 0.810D 
16 | 0.098D | 0.045D | 0.910D | 0.070D | 0.860D | 0.095D | 0.810D 


* Four splines, for fits A and B only. 


TABLE 2—Four-Spline Fittings 


FOR ALL FITS 


4A, PERMANENT FIT 


4B, TO SLIDE WHEN NOT UNDER LOAD 


NOMINAL DIAMETER D Ww d h d h ? 
Min Max Min Max Min Max Min Max Min Max Min Max 

34 0.749 | 0.750 | 0.179; 0.181 0.636 | 0.637 | 0.055 | 0.056 78 | 0.561 | 0.562} 0.093} 0.094 123 

ns % 0.874=|0.875_|-0.209 | 0.211 |} 0.7483 0.744 | 0.065 | 0.066 107 | 0.655 | 0.656] 0.108 | 0.109 167 
1 0.999 1.000 0.239 0.241 0.849 0.850 0.074 0.075 139 0.749 0.750 0.124 0.125 219 

14% 1.124 1.125 | 0.269 | 0.271 0.955 | 0.956 | 0.083 | 0.084 175 | 0.848 | 0.844} 0.140; 0.141 277 

14 1.249 1.250 | 0.299} 0.301 1.061 1.062 | 0.093 | 0.094 | 217] 0.986 | 0.987 | 0.155) 0.156 | 341 

13g 1.374 1.375 | 0.329 | 0.331 1.168 1.169 | 0.102 | 0.108 | 262 1.0380 AROSTA ROS 0.172 | 414 

1% 1.499 1.500 | 0.359 | 0.361 1.274 16275 jee 0.111 0.112} 311 1.124 1.125 | 0.186 | 0.187] 491 

15% 1.624 1.625 0.389 0.391 1.380 1.381 0.121 0.122 367 1.218 1.219 0.202 0.203 577 

1% 1.749 1.750 0.420 0.422 1.486 1.487 0.1380 0.131 424 Toit Teal? 0.218 0.219 670 

2 1.998 2.000 0.479 0.482 1.698 1.700 0.148 0.150 555 1.498 1.500 0.248 0.250 875 

24% 2.248 2.250 0.539 0.542 1.910 1.912 0.167 0.169 703 1.685 1.687 0.279 0.281 | 1106 

244 2.498 2.500 0.599 0.602 2.123 2.125 0.185 0.187 865 1.873 1.875 0.310 0.312 | 13865 

3 2.998 | 3.000 | 0.720 |- 0.723 | 2.548 | 2.550 | 0.223 | 0.225 | 1249 | 2.248 |) 2.250 | 0.373 | 0.375 | 1969 


(Continued on next page.) 
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TABLE 3—Sizx-Spline Fittings 


6B, TO SLIDE WHEN NOT 


FOR ALL FITS 6A, PERMANENT FIT te rous 6C, to peasy hee ASS 
NOMINAL DIAMETER D W d d d 
| is T 
Min Max Min Max Min Max Min Max Min Max 
34 0.749 0.750 0.186 0.188 0.674 0.675 80 | 0.637 0.638 117 | 0.599 0.600 152 
1g 0.874 0.875 0.217 0.219 0.787 0.788 | 109) 0.743 0.744 159 | 0.699 0.700 207 
1 0.999 1.000 0.248 0.250 0.899 0.900 143 | 0.849 0.850 208 | 0.799 0.800 270 
1K 1,124 1.125 0.279 0.281 1.012 1.013 180 | 0.955 0.956 263 | 0.899 0.900 342 
1% 1.249 1.250 0.311 0.318 1.124 1.125 223 | 1.062 1.063 325 | 0.999 1.000 421 
134 1.374 1.375 0.342 0.344 1.287 1.238 269 | 1.168 1.169 393 | 1.099 1.100 510 
1% 1.499 1.500 0.373 0.375 1.349 1.350 321 | 1.274 1.275 468 | 1.199 1.200 608 
1% 1.624 1.625 0.404 0.406 1.462 1.463 376 | 1.380 1.381 550 | 1.299 1.300 713 
134 1.749 1.750 0.436 0.438 1.574 1.575 436 | 1.487 1.488 637 | 1.399 1.400 827 
2 1.998 2.000 0.497 0.500 1.798 1.800 570 | 1.698 1.700. 883 | 1.598 1.600 | 1080 
24 2.248 2.250 0.560 0.563 2.023 2.025 721 | 1.911 _}- 1-913 | 1052 | 1.798 1.800 | 1367 
246 2.498 2.500 0.622 0.625 2.248 2.250 891 | 2.123 2.125 | 1300 | 1.998 2.000 | 1688 | 
3 2.998 3.000 0.747 0.750 2.698 2.700 | 1283 | 2.548 2.550 | 1873 | 2.398 2.400 | 2480 
‘ 
’ 
; 
| 
TABLE 4—Ten-Spline Fittings f 
FORALL Fins 10A, PERMANENT FIT 10B, ba fare acae NOT 10C, to — Pedi UNDER 
NOMINAL DIAMETER D v d a a 
T T E 
Min Max Min Max Min Max Min Max Min Max 
34 0.749 0.750 0.115 0.117 0.682 0.683 120 | 0.644 0.645 183) 0.607 0.608 241 
4g 0.874 0.875 0.135 0.187 0.795 0.796 165 | 0.752 0.753 248! 0.708 0.709 329 
1 0.999 1.000 0.154 0.156 0.909 0.910 215 | 0.859 0.860 326} 0.809 0.810 430 
1% 1.124 1.125 0.174 0.176 1.023 1.024 271 | 0.967 0.968 412) 0.910 0.911 545 
1% 1.249 1.250 0.193 0.195 1.137 1.138 336 | 1.074 1.075 508} 1.012 1.013 672 
13% 1,374 1.375 0.213 0.215 1.250 1.251 406 | 1.182 1.183 614; 1.113 1.114 813 
1% 1.499 1.500 0.232 0.234 1.364 1.365 483 1.289 1.290 | 732} 1.214 1.215 967 
1% 1.624 1.625 0.252 0.254 1.478 1.479 566 | 1.397 1.398 860} 1.315 1.316 1135 
13% 1.749 1.750 0.271 0.273 1.592 1.593 658 | 1.504 1.505 997| 1.417 1.418 1316 
2 1.998 2.000 0.309 0.312 1.818 1.820 860 | 1.718 1.720 1302} 1.618 1.620 1720 
24% 2.248 2.250 0.348 0.351 2.046 2.048 | 1088 | 1.933 1.935 1647} 1.821 1.823 2176 
2 2.498 2.500 0.387 0.890 2.273 2.275 | 13843 | 2.148 2.150 2034; 2.023 2.025 2688 
3 2.998 3.000 0.465 0.468 2.728 2.730 | 19384 | 2.578 2.580 2929} 2.428 2.430 3869 
3% 3.497 3.500 0.543 0.546 3.182 3.185 | 2632 | 3.007 3.010 3987| 2.832 2.835 5266 
4 3.997 4.000 0.621 0.624 3.637 3.640 | 34388 | 3.487 3.440 5208] 3.237 3.240 6878 
416 4.497 4.500 0.699 0.702 4.092 4.095 | 4351 | 3.867 3.870 6591} 3.642 3.645 8705 
5 4.997 5.000 0.777 0.780 4.547 4.550 | 5871 | 4.297 4.300 8137} 4.047 4.050 | 10746 
5% 5.497 5.500 0.855 0.858 5.002 5.005 | 6500 | 4.727 4.730 9846) 4.452 4.455 | 13003 
6 5.997 6.000 0.933 0.936 5.457 5.460 | 7735 | 5.157 5.160 | 11718) 4.857 4.860 | 15475 


(Continued on next page.) 
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TABLE 5—Sizteen-Spline Fittings 


nae ie ane 16A, PERMANENT FIT 16B, peat NOT 16C, TO SLIDE WHEN UNDER 
D Ww d d d 
Ti T Ti 
Min Max Min Max Min Max Min Max Min Max 

1.997 2.000 0.193 0.196 1.817 1.820 1375) 1.717 1.720 2083} 1.617 1.620 2751 
2.497 2.500 0.242 | 0.245 2.273 2.275 2149} 2.147 2.150 3255] 2.022 2.025 4299 
2.997 3.000 0.291 0.294 2.727 2.730 3094| 2.577 2.580 4687| 2.427 2.430 6190 
3.497 3.500 0.340 0.343 3.182 3.185 4212) 3.007 3.010 6378] 2.832 2.835 8426 
3.997 4.000 0.389 0.392 3.637 3.640 5501} 3.437 3.440 8333] 3.237 3.240 | 11005 
4,497 4.500 0.488 0.441 4.092 4.095 6962) 3.867 3.870 | 10546) 3.642 3.645 | 18928 
4.997 5.000 0.487 0.490 4.547 4.550 8595) 4.297 4.300 | 13020) 4.047 4.050 | 17195 
5.497 5.500 0.536 0.539 5.002 5.005 | 10395) 4.727 4.730 | 15754| 4.452 4.455 | 20806 
5.997 6.000 0.585 0.588 5.457 5.460 | 12377) 5.157 5.160 | 18749} 4.857 4.860 | 24760 
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SHAFT ENDS 


SAE Standard 


Report of Broaches Division approved June 1914 and last revised by Parts and Fittings Technical Committee May 1948. 


A 
“A 
WLM 
B—| Ld 
Ls 
pare 
Le 
Fig. 1—PrRMANENT-Fit Spring SHarr Enps (Ser TABLE 1) 
TABLE 1—Permanent-Fit Spline Shaft Ends for Universal Joints and Similar Applications 
10-SPLINE SHAFT® 10-SPLINE HOLE® HUB DIMENSIONS 
NOM 
a Ds Ws ds Wr dy, : ¢ 
DIAM —_|+ 0.000 |+ 0.000 |+ 0.000 Dp + 0.000 |+ 0.010} Le 1 Lr Lt Dt tpi is Ts N 
— 0.001 |—0.0015|— 0.010 —0.0015]— 0.000 
34 0.749|0.1170| 0.632 0.751 |0.1170} 0.682) 11145) 1546) 1 1%o| 4%) 28 Ye | % 1376) 
0.749 
% 0.874'0.1370| 0.745 0.876 0.1370) 0.795) 11144,| 146 yz] NW, 3K | «24 4% yg | 15461 %e 
0.874 
1 0.999|0.1560} 0.859 1.001 0.1560) 0.909) 11576) 13¢ 11g | 1, 34 | 20 ¥% 6 11%6 | %e2 
0.999 
1K 1.124/0.1760) 0.973 1.126 {0.1760} 1.028) 1157.6] 13¢ 14%| 1%6| %| 20 4% He, | 1% 540 
1.124 
14 1.249|0.1950) 1.087 1.251 {0.1950} 1.137) 11576] 13¢ 1%} 1,| 1 20 4% 6 |1Ke | %e 
1.249 
1% 1.374|0.2150| 1.200 1.376 0.2150) 1.250) 2%, | 1% 2 1Wy,| 1 20 4% %6|1K%6 | %e 
1.374 
14 1.499|0.2340) 1.304 1.501  |0.2340} 1.364] 277, | 1% 2 13/6, 144 | 18 56 Ye | 11%{6| %e 
1.499 
15¢ 1.624/0.2540) 1.347 1.627 = |0.2540} 1.397) 2136) 2146 24%) 1%6| 144] 18 56 Ye | 346) %e 
1.624 
134 1.749|0.2730| 1.454 1.752 0.2730) 1.504) 2137.6] 214 24% | 13%.6| 144] 18 54 Ye | 2346) 2 
1.749 
2 1.999/0.3120) 1.668 eee 0.3120} 1.718) 3%, | 2% 3 13/6) 144] 18 54 Ye | 23%{6| %e 
1.999 
244 2.249|0.3510} 1.883 2.252 0.3510) 1.933) 39%, | 2% 3 13/6, 1144] 18 56 Ye | 234 540 
2.249 
2 2.499|0.3900) 2.098 2.502  |0.3900} 2.148! 4%. | 33¢ 3% | 1% 2 16 5 | 34 Yo 
2.499 
3 2.999/0.4680) 2.528) 3.002 0.4680) 2.578 42549) 37% 4 1% 2 16 5 | 3K Yo 
2.999 


® SAE Standard Involute Spline optional. 


> Tolerance for ground finish, nominal + 0.003, — 0.002; and when specified, themaximum eccentricity with respect to the hole shall be 0.002 (indicator reading 0.004). Tolerance 


for lathe finish, nominal + 142, — 0. 


(Continued on next page.) 
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Taper per foot = 1.500 + 0.002 in. Dimension H is measured 
normal to the key and at the large end of the taper. 

C = cotter-pin hole or slot. The centerline of the cotter-pin 
hole shall be 90 deg from the position of the keyway, as showy 
in Fig. 2. 


Fig. 2—Tarnr Suarr Enp (SEE TABLE 2) 


oF aA, es EN ERT | 
TABLE 2—Taper Shaft End 
De Dh, W AH SQUA: 
ee eee |r, alt, |e, | Dy. | wil For, | wom | C 40.004 si | Ae 
AIM Meee ee (FLATS) ha ee AE ae | OOOO"! Sera asa 
Max | Min | Max | Min Max Min Max Min 
Yy |0.250,0.249/0.248/0.247| %6% Ke 34| 546 | ¥10| 40) %o | %al X46 | %a| 0.0625) 0.0615) 0.033) 0.0635) 0.0625) 4 XH 
34 10.37510.374/0.373/0.372) 4764 He Yo| 2364 54¢| 32) 144 | 36) 6 564| 0.0937} 0.0927} 0.049] 0.0947) 0.0937; 1%.) % 
1 |0.500\0.499/0.498)0.497| 6364 | 14, 34| 2364 546| 32) 1%4 | %e6| 6 564| 0.1250) 0.1240} 0.065) 0.1260} 0.1250; % 3% 
5¢ |0.6250.624/0.623/0.622) 1345 | 14, 34| 1745 | 28) We | \% 34 ¥ | 0.1562) 0.1552) 0.080} 0.1572) 0.1562) 14%, 3% 
34 |0.750,0.749\0.748]0.747| 11149) 154, | 1 lio | 28) Ke | \% 34 Yg | 0.1875] 0.1865) 0.096) 0.1885) 0.1875) 114 x% 
714 |0.875|0.874)0.873/0.872| 11}4,| 1% 14) 1, % 24 ¥ 346) 146 | %e2| 0.2500} 0.2490) 0.127} 0.2510) 0.2500) 144 34 
1 1.00110.999|0.997/0.995 11546) 13 14] 16 84% | 20 el 16 | 24e| 0.2500) 0.2490) 0.127] 0.2510) 0.2500) 134 % 
1g |1.126)1.124/1.122/1.120) 1154.) 13¢ 1144| 1K, % | 20 He) 1% 549) 0.3125) 0.3115) 0.158) 0.3135) 0.3125] 2 % 
144 |1.251/1.249)1.247/1.245) 1157,| 13¢ 144| 16 20 Hol 1%6 | 542] 0.3125) 0.3115) 0.158] 0.3135) 0.3125) 21¢ 1% 


it 
13g |1.376]1.374|1.372/1.370| 24/6 | 1% | 2 | 1%,_) 1 20 
14g |1.501)1.499)1.497|1.495|) 2%7_6 | 1% | 2 | 1W,6) 1 20 
15g |1.626)1.624)1.622)1.620) 2137.6) 21g | 214| 134, | 144 | 18 
134 |1.751)1.749/1.747|1.745) 21346) 216 | 214) 137, | 114 | 18 
1% |1.876|1.874/1.872|1.870| 3446 | 23g | 214] 134, | 134 | 18 


ol Ke | %2| 0.3750) 0.3740) 0.190) 0.3760) 0.3750) 2144 | 1 
542| 0.3750} 0.3740) 0.190) 0.3760} 0.3750) 244 | 1 
Ke] 2346 | 542| 0.4375) 0.4365) 0.221) 0.4385) 0.4875) 2384 | 114 
Yo| 2%{6 | %2| 0.4375) 0.4865) 0.221) 0.4385) 0.4375) 3 1% 
Ye) 2346 | %2| 0.4375] 0.4365) 0.221) 0.4385) 0.4375) 34g | 144 


WAN AN ARR AK 
~ 


2  |2.001/1.999)1.997/1.995| 3%, | 27% | 3 | 134, | 14 | 18 o| 2%46 | 542| 0.5000) 0.4990) 0.252) 0.5010) 0.5000) 344 | 1% 
234 |2.252|2.248/2.245/2.242) 3%. | 2% | 3 | 134, | 114 | 18 Ye| 236 | 549] 0.5625] 0.5610) 0.283] 0.5640) 0.5625, 344 | 114 
244 |\2.502|/2.498/2.4952.492| 4940 | 33g | 314) 1% | 2 16) 1 5g | 346 | %e| 0.6250) 0.6235) 0.315) 0.6265} 0.6250) 4 

234 |2.752)/2.748)2.745|2.742) 4945 | 33g | 3144) 144 | 2 16) 1 5g | 346 | 749] 0.6875] 0.6860) 0.346) 0.6890) 0.6875] 43g | 134 
3 3.002)2.998)2.995)2.992) 42540/ 376 | 4 | 144 | 2 16) 1 5¢ | 316 | Kol 0.7500) 0.7485) 0.377) 0.7515) 0.7500) 434 | 2 
844 |3.252/3.248 3.245 3.242) 5440 | 446 | 444/14 | 2 16; 1 5g | 346 | %e| 0.7500) 0.7485) 0.377) 0.7515) 0.7500) 5 24 
84% |8.502'3.498 3.495.3.492| 5746 | 436 | 444| 18¢ | 246 | 16) 146 | 34 | 876 | %o| 0.8750) 0.8735) 0.440) 0.8765) 0.8750] 54g | 234 

4 


4 4£.002/3.998 3.995 3.992 6%6 + 578 544] 13g | 214 | 16) 1 37% | %e2| 1.0000) 0.9985) 0.502) 1.0015) 1.0000) 634 | 234 


& Tolerance for ground finish, nominal +0,008, —0,002; and whenspecified, the maximum eccentricity with respect to the hole shall be 0.002 (indicator reading 0,004). Tol- 
erance for lathe finish, nominal +}42, —0. 
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Woodruff Keys : SAE Standard 


Report of Parts and Fittings Division approved February 1928 and last revised by Parts and Fittings Technical Committee January 1951. 
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Optional Design : 
TABLE la—Key Dimensions 


; 


—_ =. 


® 


a 


HEIGHTS 


WIDTH, DIAMETER, by 
MERS PART NO. ~ ee) pact * 7 (c D E KEY SERA tS SHEAR Ahora en 
+000 Toto to.008 th008 Nominal | ~~ 
201 YWex \% 0.0625 0.250 0.109 = Ya 0.0145 0.6 
206 Ygx Ke 0.0625 0.312 0.140 —_— Yea 0.0184 0.7 
207 30x Ke 0.0938 0.312 0.140 — 64 0.0264 0.9 
211 Ygx % 0.0625 0.375 0.172 _ 64 0.0225 0.9 
212 3%ox 3% 0.0938 0.375 0.172 — 64 0.0328 1.3 
213 kx % 0.1250 0.375 0.172 = 64. 0.0420 1.5 
1 KWgex 0.0625 0.500 0.203 0.194 3a 0.0296 1.3 
2 Box % 0.0938 0.500 0.203 0.194 364 0.0434 1.9 
3 yx & 0.1250 0.500 0.203 0.194 36a 0.0512 235 
4 3%ox % 0.0938 0.625 0.250 | 0.240 Ke 0.0523 _ 3.0 
5 kx % 0.1250 0.625 0.250 0.240 Ve 0.0716 3.9 
6 540 x 5 0.1563 0.625 0.250 0.240 Ye 0.0871 4.9 
61 ig x % 0.1875 0.625 0.250 0.240 Ke 0.0105 5.8 
7 Kx &% 0.1250 0.750 0.313 0.303 Ke 0.0884 6.1 
8 Sox 3% 0.1563 0.750 0.313 0.303 Ke 0.1086 7.5 
9 Hex % 0.1875 0.750 0.313 0.303 Ke 0.1279 9.0 
91 yx % 0.2500 0.750 0.313 0.303 Ve 0.1623 12.0 
10 Box K% 0.1563 0.875 0.375 0.365 Ke 0.1294 11.0 
ll 3igx % 0.1875 0.875 0.375 0.365 Ye 0.1531 13.0 
12 Yox 0.2188 0.875 0.375 0.365 Ye 0.1813 14.9 
A yx 0.2500 0.875 0.375 0.365 Ve 0.1976 17.0 
13 %e x1 0.1875 1.000 0.438 0.428 Ke 0.1781 17.0 
14 %ox1 0.2188 1.000 0.438 0.428 Ye 0.2100 20.1 
15 yxil 0.2500 1.000 0.438 0.428 Ke 0.2320 23.0 
B Hg x1 0.3125 1.000 0.488 0.428 Ke 0.2811 29.0 
16 346 x 1% 0.1875 1.125 0.484 0.475 Sa 0.2007 22.0 
17 Wo x1k 0.2188 1.125 0.484 0.475 Sa 0.2320 25.0 
18 y%x1k 0.2500 1.125 0.484 0.475 Sa 0.2622 29.0 
C 46 x 1K 0.3125 1.125 0.484 0.475 Sa 0.3193 36.0 
19 3%, x1\ 0.1875 1.250 0.547 )  O537; 54 0.2284 27.1 
20 Yo x1 0.2188 1.250 0.547 0.537 ya 0.2608 31.8 
21 y%xl\ 0.2500 1.250 0.547 0.537 Sa 0.2955 36.0 
D He xl 0.3125 1.250 0.547 0.537 54 0.3621 45.0 
E 3 x1\% 0.3750 1.250 0.547 0.537 Sea 0.4243 54.0 
22 yx 1% 0.2500 1.375 0.594 0.584 eo 0.3259 43.0 
23 He x 1% 0.3125 1.375 0.594 0.584 Ke 0.4003 54.0 
F 36 x 13 0.3750 1.375 0.594 0.584 340 0.4705 65.0 
24 y%x1lk 0.2500 1.500 0.641 0.631 Yea 0.3562 50.0 
25 6 x1lk 0.3125 1.500 0.641 0.631 Yea 0.4384 63.0 
G 3x1 0.3750 1.500 0.641 0.631 Vea 0.5166 75.0 


Material—Keys are to be carbon steel or alloy heat-treated 
steel as specified. Carbon-steel keys are to be 0.30 carbon mini- 
mum, with hardness of Rockwell C10 minimum. Alloy-steel 
keys are to be SAE 2330 or 8630 steel, heat-treated to a hardness 
of Rockwell C40-C50; or other alloy steels having equal physical 


|| properties at the same hardness. Alloy heat-treated keys are to 


ic ie all ai a a i i 
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be marked with depressions on the top to distinguish them from 
carbon-steel keys. 

Dimensions—Dimensions are to be as given in Tables la, 1b, 
2a, and 2b. 

Width A (shown in illustrations accompanying tables) —Values 


0.020 
0.010 


D 
ey 
Optional Design 


TABLE 1b—Key Dimensions 


be ge eS eaaiy NEE | 
MFRS PART NO. SAE pia C: D E KEY pas a SHEAR Seems NE 
Se cesie nes Ot tame]. Nominal | 72.00) 

126 346 x 21K 0.1875 2.125 0.406 0.396 2o 1.380 0.2578 23.4 
127 yx2K 0.2500 2.125 0.406 0.396 2No 1.380 0.3437 31.2 
128 346 x 2K 0.3125 2.125 0.406 0.396 2bo 1.380 0.4296 39.3 
129 3g x2 0.3750 2.125 0.406 0.396 2140 1.380 0.4833 47.2 
26 36 x 2 0.1875 2.125 0.531 0.521 1liZo P2723 0.3222 36.3 
27 y%x2k 0.2500 2.125 0.531 0.521 lio e723; 0.4178 48.2 
28 546 x2 0.3125 2.125 0.531 0.521 lio 12723 0.5062 60.1 
29 3 x2 0.3750 2.125 0.531 0.521 lio 1.723 0.5868 72.3 
Rx yx 234 0.2500 2.750 0.594 0.584 2546 2.000 0.5000 64.8 
Sx 546 x 234 0.3125 2.750 0.594 0.584 2540 2.000 0.6286 80.8 
Tx 36 x 234 0.3750 2.750 0.594 0.584 2540 2.000 0.6943 96.6 
Ux Ye x 234 0.4375 2.750 0.594 0.584 2540 2.000 0.8253 112.9 
Vx Ww x 23% 0.5000 2.750 0.594 | 0.584 254, | 2.000 0.9094 129.3 
R yy x2% 0.2500 2.750 0.750 0.740 54 Zale 0.5718 91.6 
Ss 546 x 234 0.3125 2.750 0.750 0.740 56 eau 0.7071 114.2 
T 36 x 23% 0.3750 2.750 0.750 | 0.740 56 2.317 0.8319 136.6 
U V6 x 234 0.4375 2.750 0.750 0.740 5¢ 2.317 0.9499 159.2 
V yg x 23% 0.5000 2.750 0.750 0.740 56 2.317 1.0606 191.8 
30 3 x3 0.3750 3.500 0.938 0.927 13/6 2.880 1.0781 216.0 
31 “ig x3% 0.4375 3.500 0.938 | 0.927 18/, | 2.880 1.2371 252.0 
32 % x3 0.5000 3.500 0.938 0.927 13/6 2.880 1.3905 288.0 
33 %6 x 3% 0.5625 3.500 0.938 0.927 1346 2.880 1.5368 325.0 
34 5 x3 0.6250 3.500 0.938 0.927 13/6 2.880 1.6755 359.0 
35 IW, x3% 0.6875 3.500 0.938 0.927 1346 2.880 1.8062 399.0 
36 3% x3 0.7500 3.500 0.938 0.927 13/6 2.880 1.9281 435.0 
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Key slot Key above Shaft Keyway 
TABLE 2a—Key-Slot and Keyway Dimensions 
KEY SLOT aap KEYWAY 
MFRS PART NO, SAE Agee Wigs Pepe, Diameters Beit Mex Depth, 
Min Max Ba Min Max -£0.005 age aap 
201 \Wgx \% 0.0615 0.0630 0.0728 0.255 0.263 0.0312 0.0635 0.0372 
206 Yex Ke 0.0615 0.0630 0.10388 0.317 0.325 0.0312 0.0635 0.0372 
207 30x %e 0.0928 0.0943 0.0882 Oral? 0.325 0.0469 0.0948 0.0529 
211 Yigx % 0.0615 0.0630 0.13858 0.380 0.388 0.0312 0.0635 0.0372 
212 30x 34 0.0928 0.0943 0.1202 0.380 0.388 0.0469 0.0948 0.0529 
213 x & 0.1240 0.1255 0.1045 0.380 0.388 0.0625 0.1260 0.0685 
1 Yex % 0.0615 0.0630 0.1668 0.510 0.518 0.0312 0.0635 0.0372 
2 3%ox 0.0928 0.0943 0.1511 0.510 0.518 0.0469 0.0948 0.0529 
3 yx hk 0.1240 0.1255 0.1355 0.510 0.518 0.0625 0.1260 0.0685 
4 30x % 0.0928 0.0943 0.1981 0.635 0.643 0.0469 0.0948 0.0529 
5 Kx & 0.1240 0.1255 0.1825 . 0.635 0.643 0.0625 0.1260 0.0685 
6 Sox % 0.1553 0.1568 0.1669 0.635 0.643 0.0781 0.1573 0.0841 
61 gx % 0.1863 0.1880 0.1513 0.635 0.643 0.0937 0.1885 0.0997 
7 yx % 0.1240 0.1255 0.2455 0.760 0.768 0.0625 0.1260 0.0685 
8 ox 3% 0.1553 0.1568 0.2299 0.760 0.768 0.0781 O.1573 0.0841 
9 Hex % 0.1863 0.1880 0.2143 0.760 0.768 0.0937 0.1885 0.0997 
91 wx, 0.2487 0.2505 0.1830 0.760 0.768 0.1250 0.2510 0.1310 
10 Sox 0.1553 0.1568 0.2919 0.887 0.895 0.0781 0.1573 0.0841 
11 %6ex % 0.1863 0.1880 0.2763 0.887 0.895 0.0937 0.1885 0.0997 
12 ox % 0.2175 0.2193 0.2607 0.887 0.895 0.1093 0.2198 0.1153 
A yx 0.2487 0.2505 0.2450 0.887 0.895 0.1250 0.2510 0.1310 
13 34, x1 0.1863 0.1880 0.3393 1.012 1.020 0.0937 0.1885 0.0997 
14 oxi 0.2175 0.2193 0.3237 1.012 1.020 0.1093 0.2198 0.1153 
15 y%xil 0.2487 0.2505 0.3080 1.012 1.020 0.1250 0.2510 0.1310 
B 546 x1 0.3111 0.3130 0.2768 1.012 1.020 0.1562 0.3135 0.1622 
16 3%,x1k 0.1863 0.1880 0.3853 bens y/ 1.145 0.0937 0.1885 0.0997 
17 Yox1lk 0.2175 0.2193 0.3697 1.137 1.145 0.1093 0.2198 0.1153 
18 y%xilk 0.2487 0.2505 0.3540 Teton 1.145 0.1250 0.2510 0.1310 
Cc {6 x1lk 0.3111 0.3130 0.3228 Peas, 1.145 0.1562 0.3135 0.1622 
19 %6x ly 0.1863 0.1880 0.4483 1.265 1.273 0.0937 0.1885 0.0997 
20 Yox1\% 0.2175 0.2193 0.4327 1.265 1.273 0.1093 0.2198 0.1153 
21 y%xl\% 0.2487 0.2505 0.4170 1.265 1 2io 0.1250 0.2510 0.1310 
D 46 x1\ 0.3111 0.3130 0.3858 1.265 V.273 0.1562 0.3135 0.1622 
E 3% xl 0.3735 0.3755 0.3545 1.265 1.2738 0.1875 0.3760 0.1935 
22 ye x1% 0.2487 0.2505 0.4640 1.390 1.398 0.1250 0.2510 0.1310 
23 He x 1% 0.3111 0.3130 0.4328 1.390 1.398 0.1562 0.3135 0.1622 
F 3 x 13% 0.3735 0.3755 0.4015 1.390 1.398 0.1875 0.3760 0.1935 
24 y%xl\ 0.2487 0.2505 0.5110 1.515 1.523 0.1250 0.2510 0.1310 
25 Mg x1lk 0.3111 0.3130 0.4798 1.515 1.523 0.1562 0.3135 0.1622 
G 3 x1 0.3735 0.3755 0.4485 1.515 1.523 0.1875 0.3760 0.1935 
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TABLE 2b—Key-Slot and Keyway Dimensions 


KEY ABOVE 


KEY SLOT SHAFT KEYWAY 
| | MFRS PART NO. SAP Pa a ; aa Deven, Diswnetens Heights Maat) Dep; 
I 
| Min Max Los Min Max Seine ro000 ro000 
| 126 3{, x 214 0.1863 0.1880 0.3073 2.125 2.140 0.0937 0.1885 0.0997 
ez yex2 0.2487 0.2505 0.2760 2.125 2.140 0.1250 0.2510 0.1310 
128 Hoe x 2 0.3111 0.3130 0.2448 2.125 2.140 0.1562 0.3135 0.1622 
129 3 x2 0.3735 0.3755 0.2135 2.125 2.140 0.1875 0.3760 0.1935 
| 26 36 x 24 0.1863 0.1880 0.4323 2.125 2.140 0.0937 0.1885 0.0997 
| 27 Yyx2 0.2487 0.2505 0.4010 2.125 2.140 0.1250 0.2510 0.1310 
AES 28 546g x2 0.3111 0.3130 0.3698 2.125 2.140 0.1562 0.3135 0.1622 
4 29 3g x2 0.3735 0.3755 0.3385 2.125 2.140 0.1875 0.3760 0.1935 
| Rx yx 234 0.2487 0.2505 0.4640 2.750 2.765 0.1250 0.2510 0.1310 
, | Sx He x 234 0.3111 0.3130 0.4328 2.750 2.765 0.1562 0.3135 0.1622 
) Tx 3g x 234 0.3735 0.3755 0.4015 2.750 2.765 0.1875 0.3760 0.1935 
Ux Ye x 234 0.4360 0.4380 0.3703 2.750 - 2.765 0.2187 0.4385 0.2247 
| Vx wy x234 0.4985 0.5005 0.3390 2.750 2.765 0.2500 0.5010 0.2560 
il 
| i R ye x 234 0.2487 __ 032505 0.6200 2.750 2.765 0.1250 0.2510 0.1310 
| | { NS) 46 x 234 0.3111 0.3130 0.5888 2.750 2.765 0.1562 0.3135 0.1622 
i Aw 3g x 234 0.3735 0.3755 0.5575 2.750 2.765 0.1875 0.3760 0.19385 
: | U WA 6 x 234 0.4360 _ 0.4380 0.5263 2.750 2.765 0.2187 0.4385 0.2247 
| vV Ye x 23% 0.4985 0.5005 0.4950 2.750 2.765 0.2500 0.5010 0.2560 
i \ 30 3 x3 0.3735 0.3755 0.7455 3.500 3.515 0.1875 0.3760 0.1935 
| 31 46 x 34 0.4360 0.4380 0.7143 3.500 3.515 0.2187 0.4885 0.2247 
| 32 yy x3 0.4985 0.5005 0.6830 3.500 3.515 0.2500 0.5010 0.2560 
33 %ex3k 0.5610 0.5630 0.6518 3.500 3.515 0.2812 0.5635 0.2872 
ia 34 54 x34 0.6235 0.6255 0.6205 3.500 3.515 0.3125 0.6260 0.3185 
1 35 146x344 0.6860 0.6880 0.5893 3.500 3.515 0.3437 0.6885 0.3497 
| 36 3% x3 0.7485 0.7505 0.5580 3.500 3.515 0.3750 0.7510 0.3810 
| 
| 
| shown were set with the maximum key-slot width as that figure tortion acceptable when assembling maximum key in minimum 
i which will receive a key with the greatest amount of looseness key slot. 
consistent with assuring the key’s sticking in the slot. Minimum Dimensions A, B, C, and E—These dimensions are to be taken 
| key-slot width is that figure permitting the largest shaft dis- at the side intersection. 
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Shaft Diameter, L—Decimal equivalents are given to four from the following formula: 
places in Table 1. All figures are calculated from this basic di- 
mension. Any change in the shaft diameter from basic will Giz Li {i — At 
necessarily change all other figures; and, in this case, should 2 4 é 
accurate dimensions be required, the formula given below should 
be used. where A is the minimum width of the key. , 
Versed Sine, G—The versed sines specified are determined Bottom of Key Slot to Opposite Side of Shaft, H—Obtain by 
j 


TABLE 1—Versed Sine Dimension, G* 


SHAFT KEYWAY WIDTH 

DIAM. <5 

peel 40 4 va Sie lil Yas te ee Meee 96 Ho Ys Ho 94 Me % 

0.3125} 0.0032 — — _ — — — -- — _— — a 

0.3437 | 0.0029 | 0.0065 = — — — fo -- — _ -- — = _ a 

0.3750| 0.0026'| 0.0060 | 0.0107 | — — = yee == — — 

0.4060 | 0.0024 | 0.0055 | 0.0099 — — ~ — _ — 

0.4375| 0.0022 | 0.0051 | 0.0091 = — _ — — -- —S Tee 

0.4687 | 0.0021 | 0.0047 | 0.0085 | 0.0134 = — 223 — _ — — 

0.5000} 0.0020 | 0.0044 | 0.0079 | 0.0125 — = — — - — — _ _— _ a 

0.5625 — | 0.0039 | 0.0070 | 0.0111 | 0.0161 | = — — — — —_ = 

0.6250) — | 0.0035 | 0.0063 | 0.0099 | 0.0144 |0.0198; — | — a a a =: = = _ 

0.6875; — _ | 0.0032 | 0.0057 | 0.0090 | 0.0130 | 0.0179} 0.0235 | — = = — — _ = = 
0.7500! — | 0.0029 | 0.0052 | 0.0082 | 0.0119 | 0.0163) 0.0214 | 0.0341 = — — — — — = 
0.8125} — | 0.0027 | 0.0048 | 0.0076 | 0.0110 | 0.0150| 0.0197 | 0.0312 = _ — — _— — == 

0.8750| — _ | 0.0025 | 0.0045 | 0.0070 | 0.0102 | 0.0139| 0.0182 | 0.0288 — -- -- - _ = aa 

0.9375), — — | 0.0042 | 0.0066 | 0.0095 | 0.0129} 0.0170 | 0.0268 | 0.0391 — — — = — — 

120000) aaa — | 0.0039 | 0.0061 | 0.0089 | 0.0121] 0.0159 | 0.0250 | 0.0365 | — — — — — = 

1.0625; — — | 0.0037 | 0.0058 | 0.0083 | 0.0114] 0.0149 | 0.0235 | 0.0342 | — a — — — — 

1250) — | 0.0035 | 0.0055 | 0.0079 | 0.0107} 0.0141 | 0.0221 | 0.0322 | 0.0443 ale a _ — _— 

11875) — — | 0.0033 | 0.0052 | 0.0074 | 0.0102} 0.0133 | 0.0209 | 0.0304 | 0.0418 as — — — es 

102500) ie — | 0.0031 | 0.0049 | 0.0071 | 0.0097/ 0.0126 | 0.0198 | 0.0288 | 0.0395 — — _ = ae 

1.3750 0.0045 | 0.0064 | 0.0088 | 0.0115 | 0.0180 | 0.0261 | 0.0357 | 0.0471 — _ —_ — 

1.5000 0.0041 | 0.0059 | 0.0080| 0.0105 | 0.0165 | 0.0238 | 0.0326 | 0.0429 = — —_ — 

156250) ae — — |= 0.0038 | 0.0054 | 0.0074| 0.0097 | 0.0152 | 0.0219 | 0.0300 | 0.0394 | 0.0502 — — -- 

1.7500 | | | 0.0050 | 0.0069 | 0.0090 | 0.0141 | 0.0203 | 0.0278 | 0.0365 | 0.0464 — = — 

1.8750)  — =. PS = 0.0047 | 0.0064} 0.0084 | 0.0131 | 0.0189 | 0.0259 | 0.0340 | 0.0432 | 0.0536 = — 

2.0000; — a ae — | 0.0044 | 0.0060! 0.0078 | 0.0123 | 0.0177 | 0.0242 | 0.0318 | 0.0404 | 0.0501 = — 

21250) oa 0.0056 | 0.0074 | 0.0116 | 0.0167 | 0.0228 | 0.0298 | 0.0379 | 0.0470 | 0.0572 | 0.0684 
272500) eee = = ze = — | 0.0070 | 0.0109 | 0.0157 | 0.0215 | 0.0281 | 0.0357 | 0.0443 | 0.0538 | 0.0643 
293750) en = — 0.0103 | 0.0149 | 0.0203 | 0.0266 | 0.0338 | 0.0419 | 0.0509 | 0.0608 
2.5000} — ate = a — | 0.0141 | 0.0193 | 0.0253 | 0.0321 | 0.0397 | 0.0482 | 0.0576 
276250} ee oo eu | | — | 0.0135 | 0.0184 | 0.0240°| 0.0305 | 0.0377 | 0.0457 | 0.0547 
2750016 = as = —— x = = — | 0.0175 | 0.0229 | 0.0291 | 0.0360 | 0.0437 | 0.0521 
2/8750 lige = oo = — | = —- | = — | 0.0168 | 0.0219 | 0.0278 | 0.0344 | 0.0417 | 0.0498 
3.0000; — — = = = — | 0.0210 | 0.0266 | 0.0329 | 0.0399 | 0.0476 


* Listed for the different shaft sizes and keyway widths for reference in checking dimensions H, J, and K. 


subtracting the versed sine, G, and depth of key slot, B, from the 
shaft diameter L. 

Top of Key to Opposite Side of Shaft, /—Obtain by subtract- 
ing the versed sine, G, from the shaft diameter, L, and then 
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adding to this figure the height of key above shaft, C. 

Bottom of Keyway to Opposite Side of Bore, K—Obtain by 
subtracting the versed sine, G, from the shaft diameter, L, and 
then adding to this figure the depth of keyway, E. 
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iG Fic. 1—Bauu- aNd ROLLER-BEARING 
Locx Nuts 


is Runout and parallelism of faces, measured mounted on a tight- 
fitting threaded arbor: 
N00 to NO6 = 0.002 in. maximum 
N07 to AN22 = 0.004 in. maximum 
AN24 to AN40 = 0.006.in. maximum 
8N00 to 8AN140 = 0.002 in. maximum 
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TABLE 1—LOCK NUTS FOR BALL AND ROLLER BEARINGS (FIG. 1) 


Bslt; Cylindrical and Tsper Out- Face Diam. Slot Dimensions. 
iz Roller Bearings side Ctsk. 
Roller Besrings Dism. 
4 Slots $ Slots 
Thick. D Thick. D 
SAE SS +.005 


N00 | 0.209 | 0.229 || S-N-00 0.209 | 0.229 34 0.605 | 0.625 1g “% 010 
N-O1 | 0.308 | 0.323 || S-N-01 0.303 | 0.323 K 0.699 | 0.719 1S is -010 
N02} 0.3508 | 0323 || SN-02 0.303 | 0.323 1 0.793 | 0.813 4S 3g 010. 
N03 | 0.334 | 03534 || SN-08 0.334 | 0.354 1% 0.918. } 0.938 1g 32 -010. 
N-O | 0.365 | 0385 || SN-Ot 0.365 | 0.385 135 1.105 | 1-125 3g 3 -015 
N05} 0396 | 0416 |] §N-05 0.396 | 0.416 1% 1.261 | 1.281 1g 3g 2015 
N-06 | @596 | 0416 || S-N-06 0.396 | 0.416 1% 1.480 | 1.500 3& 32 -015 
args ey Moers | hacer! S-N-065 0.428 | 0.448 2he 1.793 | 1.813 36 32 -015- 
N-O7T | 0.428 | 0.448 |} | N-OT - 0.428 | 0.448 2s 1.793 | 1.813 3% 34 015. 
N-OS } 0.428 | 0.448 || & N-O8 0.423 | 0.448 216 1.980 | 2.000 3% 32 -020 
N-OS | 0498 | 0468 || = N09 0.428 | 0448 2%@ | 2.261 | 2.281 3 3g 020 
N-10 | 0.490 | 0.510 |} S-N—-10 0.490 | 0.510 2! 2.418 | 2.438 3 3a -020 
N-11} 0490 | 0.510 || $-N-11 0.490 | 0.510 235 2.636 | 2.656 3 % -020 
N-12]| 0521 | 0.541 |] SN-12 0.521 | 0.541 34 2.824 | 2.844 3k Kw -020 
N-33 | 0.553 | 0.573 || $-N-13 0.553 | 0.573 336 3.043 | 3.063 3k % -020 
N-14] 0.553 | 0.573 [| S-N-14 0.553 | 0.573 336 3.283 | 3.313 %& % -020 
AN-15 | 0.584 | 0.604 |} S-AN-15 0.584 | 0.604 || 3% 3.533 | 3.563 [ 3% % 025 
AN-16 | 0.58 0.604 |} S-AN-I6 0.584 | 0.604 La 3.814 | 3.844 3 4% 025 
AN-17/} 0.615 | 0.635 || S-AN-17 0.615 | 0.635 ]] 44 4.001 | 4.031 5 bot -025 
AN-18 | 0.678 | 0.698 || S-AN-18 0.678 | 0.698 = 4.251 | 4.281 pa 52 .025 
AN-19} 0.709 | 0.729 |} S- AN-19 0.709 | 0.729 435% 4.533 | 4.563 Xs 32 -025 
AN-20 | 0.735 | 0.760 || S-AN-20 0.735 | 0.760 a 4.783 | 4.813 XK 5 -025 
AN-21 | 0.735 | 0.760 || S-AN-21 0.735 | 0.760 5) 4.970 | 5.000 bt % -030 
AN-22 | 0.766 | 0.791 || S-AN-22 0.766 | 0.791 53g 5.251 | 5.281 5 % -030 
AN-24} Q@798 | 0823 || S-AN-24 0.798 | 0.823 6% 5.658 | 5.688 SE H% -030 
AN-26} 0.860 | 0.88 |} S-AN-26 | 0.860 | 0.885 634 6.158 | 6.188 Sé 4% -030 
AN-28 | 0.923 | 0.948 |} S-AN-128/ 1.173 | 1.198 Ta 6.501 | 6.531 Xe yy -030 
AN-30} 0.954 | 0979 |} SAN-130} 1.235 1.260 74— | 7.033 | 7.063 S& 38 -030 
AN-32] 1.016 | 1.041 |} S AN-132/ 1.266 | 1.291 Sis 7.398 | 7.438 2 % -030 
AN-34] 1048 | L073 |} S-AN-134/ 1.329] 1354 S3— | 7.991 | 8.031 %8 -030 
AN-36 | 1.079 | 1.104 |} S-AN-136] 1.391 | 1.416 96 8.335 | 8.375 32 baty -030 
AN-38 | 1.110 | 1.135 |] S-AN-138 | 1.391 | 1.416 2 8.741 | 8781 32 Ke -030 
AN-40/ 1.173 | 1.198 |} S-AN-140/ 1485] 1.510 972 9.116 | 9.156 32 K% -030 


TABLE 2—THREADS FOR BALL AND ROLLER BEARING LOCK NUTS AND SHAFTS 


Lock Nut Threads (Fig. 1) Shaft Threads (Figs. 2 and 3) 


Minor Diam. Pitch Diam. , Major Diam. Pitch Diam. 


-0034 586 | .0054 | 0.5806} 0.5657] .0030 | 0.5627) 0.5477 
0034 | 0.6336} 0.6437] .0030 | 0.6467) 0.664 || 0.664 | .0054 |0 0.6437] .0030 | 0.6407) 0.6257 
0034 | 0.7506} 0.7607} .0034 | 0.7641) 0.781 || 0.781-| .0054 | 0.7756] 0.7607} .0034 | 0.7573) 0.7427 
0034 | 0.9386) 0.9487} .0034 | 0.9521} 0.969 || 0.969 | .0054 | 0.9636] 0.9487} 0034 | 0.9453) 0.9307 
0060 | 1.1189} 1.1369] .0040 | 1.1409] 1.173 || 1.173 | .0082 | 1.1648] 1.1369}-.0040 | 1.1329] 1.1048 
Q060 | 1.2584) 1.2764} .0040 | 1.2804) 1.3125}| 1.3125) .0082 | 1.3043] 1.2764) .0040 | 1.2724) 1.2443 
0060 | 1 3219} 1.3399} .0040 | 1.3439] 1.376 || 1.376 | .0082 | 1.3678] 1.3399} .0040 | 1.3359) 1.3078 
0060 | 1.5089) 1.5269] .0045 | 1 5314/ 1.563 || 1.563 | .0082 | 1.5548] 1.5269] .0045 | 1.5224) 1.4948 
0060 | 1.7129) 1.7309} .0045 | 1.7354) 1.767 || 1.767 | .0082 | 1.7588] 1.7309} .0045 | 1.7264) 1.6988 
0060 | 1.9129} 1.9309} .0045 | 1.9354| 1.967 || 1.967 | .0082 | 1.9588] 1.9309] .0045 | 1.9264) 1.8998 
0060 | 2 1029} 2.1209} .0051 | 2.1260} 2.157 || 2.157 | .0082 | 2.1488] 2.1209] .0051 | 2.1158) 2.0888 
0060 | 2.3059} 2.3239} .0051 | 2.3290} 2.360 |] 2 360 | .0082 | 2.3518] 2.3239] .0051 | 2.3188] 2 2918 
0060 | 2.4939) 2.5119} .0051 | 2.5170) 2.548 || 2.548 | .0082 | 2.5398] 2.5119] .0051 | 2.5068) 2.4798 
0060 | 2.6969) 2.7149} .0051 | 2.7200} 2.751 || 2.751 | .0082 | 2.7428} 2.7149] .0051 | 2.7098) 2.6828. 
0090 | 2.8518) 2.8789} .0054 | 2.8843) 2.933 || 2.933 | .0112 | 2.9218] 2.8789} .0054 | 2.8735] 2.8308 
-0090 | 3.0558} 3.0829} .0059 | 3.0888] 3.137 |] 3.137 | .0112 | 3.1258] 3.0829] .0059 | 3.0770) 3.0348" 
0090 | 3.2588] 3.2859) .0074 | 3.2933} 3.340 || 3.340 | .0112 | 3.3288] 3.2859] .0074 | 3.2785] 3.2378: 
-0090 | 3.4458) 3.4729) .0074 | 3.4803] 3.527 || 3.527 | .0112 | 3.5158) 3.4729] .0074 | 3.4655) 3.4248 
0090 | 3.6488) 3.6759} .0074 | 3.6833] 3.730 || 3.730 | .0112 | 3.7188) 3.6759] .0074 | 3.6685) 3.6278 
$| .0090 | 3.8368) 3.8639} .0074 | 3.8713} 3.918 || 3.918 | .0112 | 3.9068) 3.8639} .0074 | 3.8565/3.8158 
0090 | 4.0408} 4.0679) .0083 | 4.0762} 4.122 || 4.122 | .0112 | 4.1108} 4.0679) .0083 | 4.0596) 4.0198 
-0090 | 4.2438) 4.2709) .0083 | 4.2792) 4.325 || 4.325 |. 0112 | 4.3138] 4.2709 .0083 | 4.2626) 4.2228 
-0090 | 4.6348] 4.6619) .0083 | 4.6702) 4.716 || 4.716 | .0112 | 4.7048] 4.6619) .0083 | 4.6536) 4.6138 
-0090 | 5.0248) 5.0519) -0083 | 5.0602] 5.106 |] 5.106 | .0112 | 5.0948] 5.0519} .0083 | 5.0436/ 5.0038 
-0090 | 5.4158) 5.4429) .0083 |5.4512) 5.497 || 5.497 | .0112 | 5.4858) 5.4429) .0083 | 5.4346] 5.3948 
-0090 | 5.8068] 5.8339} .0083 [5.8422] 5.888 |] 5.888 | .0112 | 5.8768] 5.8339) .0083 | 5.8256] 5.7858 
-0135 | 6.1622] 6.2023) .0091 | 6.2119) 6.284 || 6.284 | .0152 | 6.2688] 6.2028) .0091 | 6.1937} 6.1306 
-0135 | 6.5372) 6.5778) -0091 | 6.5869] 6.659 || 6.659 | .0152 | 6.6438) 6.5778} .009I | 6.5687| 6.5056 
-0135 | 6.9442) 6.9848} .0091 | 6.9939) 7.066 |] 7.066 | .0152 | 7.0508) 6.9848) .0091 | 6.9757} 6.9126 
-0135 | 7.3502) 7.3908} .0091 | 7.3999] 7.472 || 7.472 | .0152 | 7.4568] 7.3908} .0091 | 7.3817] 7.3186 
-0135 | 7.7252) 7.7658) .0114 | 7.7772) 7.847 || 7.847 | .0152 | 7.8318] 7.7658] .0114 | 7.7544| 7.6936 
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TABLE 3—SHAFTS FOR BALL AND ROLLER BEARING LOCK NUTS 


Ball Bearings A dj 
Cylindrical and Spherical Roller Bearings (Fig. 2) Taper Roller Bearings (Fig. 3) 


Keyway! 


SAE SAE 

No. Bore | Max. M V No. Ww 

N-00] 0.3937] 5% 3 ¥% ||8-N-00 3 4s 

N-01| 0.4724| 13 3 | i lls-N-o1 é M% 

N-02] 0.5906] 44 56 1 ||8-N-02 as Ag 

N-03| 0.6693] % x % |18-N-03 M% 6 

N-04] 0.7874] 25 56 %  ||8-N-04 % Ag 

N-05| 0.9843] 7% % % |18-N-05 Y% Ag 

N-06] 1.1811] 1% \% Y% ||/8-N-06 % 78 

eae to: ee | etre ||S=N-065 Ye 8 

N-07| 1.3780] 114 y% % ||8-N-07 % 6 

N-08} 1.5748 | 11% \y% 1% |/8-N-08 % % 

N-09] 1.7717 | 11% A 1% |18-N-09 Y% % 

N-10] 1.9685 | 1% % 1% ||8-N-10 Y% 8 

N-11] 2.1654] 2% % % ||8-N-11 \% 4% 

N-12| 213622 | 214 vA % |IS-N-12 4% %s 

N-13| 2.5591 | 23% yA % |I8-N-13 50 8 

N-14| 2.7559 | 25% % %  |18-N-14 % Ys 

AN-15| 2.9528 | 223% Y &  ||8-AN-15 H% 3 
AN-16| 3.1496] 3 Y 5% ||S-AN-16 % “2 
AN-17| 3.3465 | 3% Y% 5% ||8-AN-17 H% 3 
AN-18| 3.5433 | 334 Y 5% ||8-AN-18 Ke go 
AN-19]| 3.7402 | 3% 4 5 |18-AN-19 oa 4 
AN-20| 3.9370] 32% u% % ||8-AN-20 Ke 3g 
AN-21| 4.1339 | 3156 % 56 |\|8-AN-21 Ig 2 
AN-22| 4.3307 | 43% % 54 ||8-AN-22 % co 
AN-24| 4.7244] 4% % 5% ||8-AN-24 A 22 
AN-26| 5.1181] 415% % 5% ||8-AN-26 A 4 
AN-28] 5.5118 | 55% 546 6% \|8-AN-128 \% 3 
AN-30] 5.9055 | 5234 % 56 |18-AN-130 % ? 
AN-32| 6.2992 | 614 % 1% ||8-AN-132 % res 
AN-34] 6.6929 | 614 %% Y% |/8-AN-134 % 74 
AN-36| 7.0866 | 6294 a 1% |/8-AN-136 46 4 
AN-38 | 7.4803 | 75% 8% ¥%  |/8-AN-138 K% 7 
7.8740 1% ||S-AN-140 % % 


1 Tolerance, + 14, — 0 


TABLE 4—LOCK WASHERS FOR BALL AND ROLLER BEARING LOCK NUTS (FIG. 4) 


Stock Thickness Q Tangs Key Bore R Diameter 


Projection Width S Bend X 


=) 
Le ie) 
= 


Max. | Min. 


-120 | .020 
.120 | .020 
-120 | .020 
120 | .020 
176 | .020 
-176 | .020 
176 | .035 
176 | .035 
176 | .035 
-290 | .035 
-290 | .035 
-290 | .035 
.290 | .035 
-290 | .055 
.290 | .055 
-290 | .055 
-290 | .055 
-353 | .055 
055 
055 
055 
.065 
-065 
-065 
-065 
.085 
085 
085 
.085 
-085 
085 
085 
-085 
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Antifriction Ball 
and Roller Bearings 


SAE Standard 


Report of Ball and Roller Bearings Division approved June 1911 and last revised by Ball and Roller Bearings Technical Committee January 1949. 


The accompanying tables include the types, complete ranges 
of standard sizes, and their boundary dimensions of standard 
antifriction ball and roller bearings commonly used for auto- 
motive applications. Many sizes listed are commonly used to 
only a limited extent, and it is therefore suggested that in select- 
ing bearings for a given application, the bearing manufacturers 
or their catalogs be consulted as to the more readily obtainable 
or the preferred sizes of bearings. 

Tolerances—For applications requiring closer tolerances on 
the bearing dimensions than those shown in the tables of stand- 
ard bearings, Tolerance Specifications ABEC 3, ABEC 5 and 
ABEC 7 are available for single-row radial and angular contact 
ball bearings types BC, BA, BN, BT, and BIC; RBEC 5 is also 
available for various types of roller bearings. The bearing manu- 
facturers should be consulted for closer than standard tolerances 
(ABEC 1!, RBEC 1?).. Dimensional tables show average toler- 
ances only. (See SAE Standard for Ball- and Roller-Bearing 
Tolerances for dmin aNd dmax, Dmin and Dmax). Tapered roller 
bearings may be obtained to five dimensional tolerance specifica- 
tions as shown in Table 8 in SAE Standard for Tapered Roller 
Bearings. 

Standard for Measurements—Because of the relatively thin 
ring sections existing and the possible deformation of rings that 
can occur under various gaging load practices, standard AFBMA? 
Gaging Methods and Loads are established to insure agreement 
in the measurements obtained when inspecting ball and roller 
bearings. 

The standards used for checking gaging equipment conform 
with those used by the National Bureau of Standards at a tem- 
perature of 68 F. All measurements shall be made after the gaging 
equipment and parts to be measured have been brought to the 
temperature of the room in which the measurements are to be 
made. 

When gaging dimensions of the bearings, gaging loads and 
dimensions of gaging points are to be as shown in Table 1. 


TABLE 1—Gaging Loads and Gaging Points 


GAGE POINT 


RADIUS 


NOMINAL DIAM, MM GAGE LOAD, OZ 


Mm | In. 


Inner ring bore | Over 0 to 9 incl |Not exceeding 7| 0.8 |0.032 
Over 9 to 30 incl |Not exceeding 7| 2.5 |0.098. 
30 and over 12 2.5 |0.098 
Outer ring OD 


0 and over Not exceeding 7| 2.5 |0.098 


Bore—For determining bore diameter, use apparatus arranged 
for two-point measuring. If out-of-roundness and taper exist in 
a particular bearing, a minimum diameter reading dmin and a 
maximum diameter reading dmx may be obtained. The bore 

1 ABEC—Annular Bearing Engineers’ Committee. 


? RBEC—Roller Bearing Engineers’ Committee. 
3 AFBMA—Antifriction Bearing Manufacturers Association. 


diameter dm, of the bearing in question is defined as the arith- 
metical average of these two readings, dmin and dmax. Large- 
diameter rings with thin section should be placed in a horizontal 
position when measuring. 

Outside Diameter—For determining the outside diameter, use 
apparatus arranged for measuring between a flat surface and a 
rounded calibrated indicator point. If out-of-roundness and taper 
exist in a particular bearing, a minimum diameter reading Din 
and a maximum ‘diameter reading Dax may be obtained. The 
outside diameter D,, of the bearing in question is defined as the 
arithmetical average of these-two readings, Dmnin and Dyax. 
When measuring thin section rings, the measuring pressure should 
be small so as to avoid distortion of the rings. Large-diameter 
rings with thin sections should be placed in a horizontal position 
when measuring. 

Width—The tolerances for width of the bearings apply to the 
individual rings and not to the total- width of the bearing. One 
ring is free and the other ring that is to be measured, is supported 
on one side by three buttons. Apply a calibrated indicator against 
the other side directly over one button, and take readings while 
rotating the ring. 

Eccentricity—Mount the bearing on an arbor having a very 
slight taper (0.0001 to 0.0002 in. on diameter per in. of length). 
Apply a calibrated indicator on the center of the stationary outer 
ring. The inner-ring eccentricity is the difference between the 
minimum and maximum reading when rotating the arbor one 
revolution. The outer-ring eccentricity is the difference between 
the minimum and maximum reading when rotating the outer ring 
one revolution with the arbor stationary. Corrections should be 
made for the inaccuracy of the arbor. 

Corner Radius and Fillets—In metric ball and roller bearings, 
no dimensions are established for the size or shape of the bearing 


corners. Instead the maximum shaft and housing fillet radii are 
given that the bearing corners must clear. For tapered roller 
bearings, corner dimensions are given that apply to the actual 
contour of the bearing parts. 

End Play—The bearing is to be lubricated with light oil and 
one of its rings clamped to prevent axial movement. The specified 
reversing measuring load is so applied to the unclamped ring that 
resultant movement of that ring is parallel to the bearing axis. 
The end play is the total movement of the unclamped ring when 


TABLE 2—End-Play Measuring Loads 


LOADS 
FOR BEARINGS WITH BORE (Mat) 
Kg Lb 
24 54 Over Oto 50 incl 
5 11 Over 50 to 120 incl 
10 22 Over 120 to 200 incl 
15 44 Over 200 


| 
| 
i 
i 


ANTIFRICTION BALL AND ROLLER BEARINGS 579 


the load is applied first in one direction and then in the other 
direction. See Table 2. 

Conversion Factors*—The following factor, used for the con- 
versions in the accompanying tables of antifriction bearings, was 
adopted by the Society in June 1932 and approved by the Ameri- 
can Standards Association as the American Standard B48.1-1933 
in January 1933 because of its relative simplicity and adequate ac- 
curacy for practical industrial and commercial conversions. The 
inaccuracy is only 2 millionths of an ‘in. per in. 1 in. = 25.4 mm. 

Where more exact scientific or very accurate industrial conver- 
sions are required, the factor 25.40005 should be used. 


4 The legal conversion in the United States, established for the international meter 
by act of Congress on July 28, 1866, defines one meter as equal to 39.37 in., for which 
the factors 25.4 mm _per in. and 0.03937 in. per mm are derived as published in the 
National Bureau of Standards Circular No. 47, issued July 1, 1914, and supplemented 
October 27, 1917 "9 


The reciprocal factor 1 mm = 0.03937 in. is recommended for 
all usual industrial and commercial conversions. Where very 
accurate conversions are desired the factor 0.089370079 may 
be used. 

Rounding Off Numbers—When a decimal value is to be 
rounded off to a lesser number of places than the total number 
available, the procedure (American Standard 225.1 — 1940) 
should be as follows: 

When the figure next beyond the last figure to be retained is 
less than 5, the last figure retained should not be changed. 

When the figure next beyond the last figure to be retained is 
more than 5, the last figure retained should be increased by 1. 

When the figure next beyond the last place to be retained is 
exactly 5 with only zeros beyond, the last figure retained if even, 
should be unchanged; if odd, it should be increased by 1. 


Types of Antifriction Ball and Roller Bearings 


Description Table | Cross Section 


Ball Bearing. Single row, angular contact, self- | 2a, 2b SSSg 
contained, contact angle 22 to 32 deg. incl. Metric 


dimensions. Yl 


© 


Ball ee Single row, angular contact with 
offset rings, developed for automobile front wheels. 
Metric and inch dimensions. : 


Ball Bearing. Angular contact, developed for steer- 
ing knuckles. Metric and inch dimensions. Con- 
sult, manufacturer for dimensions. 


Ball Bearing. Single row, radial, non-filling slot 
assembly. Metric dimensions. °° 


Ball Bearing. Single row, radial, non-filling slot 
assembly, rings Sues for integral sealing, de- 
. veloped for automobile rear wheels. Metric and 
inch dimensions. 


caeieall 
| fe 
Q 
2. 


Ball Bearing. Single row, radial, non-filling slot 
assembly, rings adapted for integral sealing. 
Metric and inch dimensions. Consult manufac- 
turer for dimensions. 


L(+) | E@ 5] 
(No tables for these bearings.) LL, () 


| Ball Bearing. Single row, angular contact, self- 
contained, contact angle less than 22 deg. Metric 
dimensions. 


a 


Ball Bearing. Single row, radial, filling slot assem- 
bly. Metric dimensions. 


Ball Bearing. Single row, angular contact, self- 
contained, contact angle larger than 32 but less 
than 45 deg. Metric dimensions. 


SSNS 
1) 


Yul, 


Ball Bearing. Single row, separable assembly. 6 
Metric dimensions. 


T ype ; Description Table Cross Section 


BD Ball Bearing. Double row, filling slot assembly, 7 
angular contact, vertex of contact angle inside 
bearing. Metric dimensions. 


PANT) 


I( 
Cae 


BE Ball Bearing. Double row, filling slot assembly, 7 
angular contact, vertex of contact angle outside 


(Gane) 
bearing. Metric dimensions. 


p A 
CEZZZLLA 
‘ 


BF Ball Bearing. Double row, filling slot assembly, ai 


l e To! L SEE 
radial contact. Metric dimensions. SNS 


BG Ball Bearing. Double row, non-filling slot assem- 


bly, angular contact, vertex of contact angle out- 
side bearing. Metric dimensions. 


SCs 


So 


WLLL 
o 
Zaz, 
se 


CESKY 


BIC Ball Bearing. Single row, radial, non-filling slot 
assembly. Inch dimensions. 


BJ Ball Bearing. Double row, non-filling slot assem- 
bly, angular contact, vertex of ¢ontact angle in- 


tv. Ie} 
side bearing. Metric dimensions. bwa7 


BK Ball Bearing. Double row, non-filling slot assem- 


; ete : SSIQW 
bly, radial contact. Metric dimensions. Na >) 


ZALZaA 
‘m 


BRT Roller Tooth Bearings. Developed for steering 
post. Metric and inch dimensions. Consult 
manufacturer for dimensions. 


BS Ball Bearing. Double row, radial, self-aligning, 
raceway of outer ring spherical. Metric en- 
sions. 


WIWT| 


BWF Ball Bearing. Double row, sealed, inner racewa: 
ground on shaft which extends on both sides, de- 
veloped for fan and water pump. Metric and inch 
dimensions, 


(see table) 


Snap Ring bearings. 
(see table) 
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Types of Antifriction Ball and Roller Bearings 


Description 


TA Ball Thrust Bearing. Single direction, grooved 29 
races, flat seats. Metric dimension. 


TB Ball Thrust Bearing. Single direction, single or 
‘P multiple grooved races with flat seats. c 
dimensions. 


30a, 30b 


TK Ball Bearing. Single row, angular contact, de- 12 
veloped for automobile clutch release. Metric 
and inch dimensions. 


TN Ball Thrust Bearing. Single direction, grooved 13 
races, flat scat, deveaonen for clutch release. 
Inch dimensions. 


RC Cylindrical Roller Bearing. Single row, double 14 
flanged inner and outer rings, non-separable, two 
direction locating. Metric dimensions. 


RF Cylindrical Roller Bearing. Single row, double 14 
flanged inner ring, single peed outer ring, outer 
rad separable, one direction locating. Metric and 
inch dimensions. 


RG Cylindrical Roller Bearing. Single row, single 14 
flanged inner ring, double flanged outer ring, 
rollers retained by retainment ring, recessed in 
inner ring, non-separable, one direction locating. 
Metric dimensions. 


RJ Cylindrical Roller Bearing. Single row, double 14 
flanged outer ring, single inner ring, inner 
ring separable, one direction locating. Metric 
dimensions. 


(see table) 


(see table) 


RK Cylindrical Roller Bearing. Single row, double 14 
flanged inner ring, rollers retained by retainment 
Tings rec in outer ring, non-separable, non- 


locating. Metric dimensions. 


KSSS99 


Wid 


RM Cylindrical Roller Bearing. Single row, straight 14 
inner ring, rollers retained by cage end rings or 
retainment rings recessed in outer ring, inner ring 
separable, non-locating. Metric dimensions. 


[S59 


La. 
Willd 


Cylindrical Roller Bearing. Single row, double 
flanged inner ring, straight outer ring, outer ring 
separable, non-locating. Metric dimensions. 


Cylindrical Roller Bearing. Single row, double 
flanged inner ring, double flanged outer ring, with 
one flange separable, outer ring separable, two 
direction locating. Metric and inch dimensions. 


Cylindrical Roller Bearing. ei row, single 
flanged inner and outer rings, roller retained by 
flange and single retainment ring recta in outer 
ring, inner ring separable, one direction locating. 
Metric dimensions. 


Cylindrical Roller Bearing. Single row, double 
flanged inner ring with one flange separable, 
double flanged outer ring, inner ring separable, 
two direction locating. Metric dimensions. 


RU 


Cylindrical Roller Bearing. Single row, straight 
inner ring, double flanged outer ring, inner ring 
separable, non-locating. Metric dimensions. 


a 
ele 
a 
A 
‘-) 


Type 


RY 


sD 


SW 


é 


TST 


TSF 


TDI 


TDO 


TDOS 


TNA 


TNAS 


NCD 


| Tapered Roller Bearing. Single row, steep angle; 


Description 


Cylindrical Roller Bearing. Single row, double 
flanged inner ring, single flanged outer ring, rollers 
retained by flange and single retainment ring re- 
cessed in outer ring, non-separable, one direction 
locating. Metric dimensions. 


Self-aligning Roller Bearing. Double row, race- 
way of outer ring spherical. Metric dimensions. 


Self-aligning Roller Bearing. Double row, race- 
way of inner ring spherical. Metric dimensions. 


Tolerances, metric annular ball, cylindrical and 
self-aligning roller bearings (except type BM). 


Tapered Roller Bearing. Single row; cage or cage- 
less type. 


cage or cageless (full roller) type. 


Note—Any single cone listed in the tables of types TS and 
TSS can with flan; outer race (type TSF) or 
double row (type TDO) in the same series. 


Tapered Roller Bearing. Single row, tapered bore; 
cage or cageless type. 


Tapered Roller Bearing. Single row, flanged outer 
race; cage or cageless type. 


Tapered Roller Bearing. Double row, single outer WI LZ 
races; cage or cageless type. “aac 


iit: 


Tapered Roller Bearing. Double row, single inner 
Taces; cage or cageless type. 
Note—Any single cone listed in the tables of types TS and 


TSS can used with flanged outer race (type TSF) or 
double row (type TDO) in the same scries. 


Tapered Roller Bearing. Double row, single inner 
races, steep angle; cage or cageless type. 
Note—Any single cone listed in the tables of types TS and 


TSS can be used with flanged outer race (type TSF) or 
double row (type TDO) in the same series. 


Tapered Roller Bearing. Double row, single inner 
races, non-adjustable; cage or cageless type. 


yet 
CUMS 


Tapered Roller Bearing. Double row, single inner ISS 
races,| non-adjustable, steep angle; cage or cage- ASE Y 
less type. Winan Hl 
Needle Bearing. Shell type, single row, outer race WU 
retainment, separable inner race, all dimensions in ‘(ST . 


VY in. 


WUMMMM|ulé 


Loose rollers with spherical ends and standard 


length tolerance of —.020 in. (none) 


Taper roller bearing tolerances, 
(none) 


ANTIFRICTION BALL AND ROLLER BEARINGS 


TABLE 1—BALL BEARINGS, TYPES BC AND BN 


Indiv. Ring 
Bore, B Outside Diameter, D Width, W 
g Numbers Eccentricity Toler., 
and Types Nominal In., Max. 
+.000 
—.005 Fillet 
1 

BC BN Mm. In In. Inner Outer 
8BC10 7 | 0.2756 012 0003 0006 
10BC10 8 | 0.3150 012 0004 0006 
12BC10| «6 8 | 0.3150 012 0004 0006 
15BC10 = 9 | 0.3543 012 0004 0008 
17BC10 | & 10 | 0.3937 012 0004 0008 
20BC10 | ¢ 12 | 0.4724 025 0005 0008 
25BC10 ” 12 0.4724 | .025 0005 0008 
30BC10 | “S 13 | 0.5118 | .040 0005 0010 
35BC10] 5 14 | 0.5512 | .040 0006 0010 
40BC10 Pe 15 | 0.5906 | .040 0006 0010 
45BC10 | > 16 | 0.6299 | .040 .0006 .0010 
50BC10 = 16 | 0.6299 | .040 .0006 | .0010 
55BC10 | 18 | 0.7087 | .040 .0008 .0014 
60BC10 |] & 18 | 0.7087 | .040 0008 0014 
65BC10 18 | 0.7087 | .040 0008 0014 
70BC10 8 20 | 0.7874 | .040 0008 0014 
75BC10 | > 20 | 0.7874 | .040 .0008 .0014 
80BC10 aS 22 | 0.8661 | .040 .0008 .0016 
85BC10} 3 22 | 0.8661 | .040 | .0010 | .0016 
90BC10} 8 24 | 0.9449 | .060 0010 0016 
95BC10 | 3 24 | 0.9449 | .060 0010 0016 
100BC10 |} = 24 | 0.9449 | .060 0010 0016 
105BC10 26 1.0236 | .080 .0010 .0018 
110BC10 28 1.1024 | .080 .0010 .0018 


1 The corner radius or chamfer on bearings must clear the maximum fillet radius given in the table. This specification does not control bearing corner 


contours. 
TABLE 2a—BALL BEARINGS, TYPES BC, BL, BA, BT, BN AND BS 
Indiv. Ring 
Bore, B Qutside Diameter, D Width, W 
Besring Numbers and Types + Eccent. Toler. 
Nominal In., Max. 
Nominal Nominal +.000 


—.005 Fillet 


BL BT? 


Automotive sizes 20BL02 through 105BL02 
Automotive sizes 10BA02 through 100BA02 
Automotive sizes 10BN02 through 110BN02 
Automotive sizes 12BS02 through 75BS02 
Automotive sizes 25BT02 through 90BT02 


1.6535 | :100 


0.9843 | .060 

1.0236 | .080 

1.1024 | .080 

1.1811 | .080 

; 1.2598 | .080 

: 1.3386 080 
4 

1.4173 080 

1.4961 080 

1.5748 080 

1.5748 100 


_ 
a 
a 
_ 
< 
_ 
s 


1The corner radius or chamfer on bearings must clear the maximum fillet radius given in the table. This specification does not control bearing 
corner contours. 


*Types BN, BA and BT are angular contact bearings which are often used interchangeably. 


Yo 
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TABLE 2b—BALL BEARINGS, TYPES BC, BL, BA, BT, BN AND BS 


Indiv. Ring 
Bore, B Outside Diameter, D Width, W 


Eccent. Toler. 
In., Max. 


Bearing Numbers and Types 


Nominal Nominal 

e Toler. 
+.0000, 

In. Minus 

0.1575 0. 0004 

0.1969 0. .0004 

0.3937 1: 0005 

0.4724 Ae 0005 

a es Pl ey 0.5906 1 0005 

8 g s 8 S 0.6693 qe 0005 

Aare |e | a. 8 0.7874 2. 0005 

3 s S 

® © 0.9843 Be 0005 

St a @ | 4 s 1.1811 2. .0005 

Bich) Bo) eT Shs 1:3780 3. [0005 

2 g 5 ° 2 1.5748 Bi .0006 

$s 3 3 4 3 1.7717 3! 0006 

oO ir) oO Sr) : 

re) RS AH ee a hh 1.9685 4. .0006 

a faa} f=} Q OQ 2.1654 4. . 0006 

S %9 & S S 2.3622 5. 0008 

2 By i Ds Ps 2.5591 5. 0008 

3 g Q g 3 2.7559 5. 0008 

a a ‘3s +3 ‘a 2.9528 6. .0010 

2 2 2 e 2 3.1496 0010 

3 3 ° S S 3.3465 .0010 

g g 5 § § 3.5433 .0012 

s s 3 S $ 3.7402 .0012 

a & A a 2 3.9370 0012 

105BC03 4.1339 0012 
110BC03 4.3307 0012 
120BC03 4.7244 0014 
130BC03 5.1181 0014 
140BC03 5.5118 .0014 
150BC03 5.9055 0016 


1 The corner radius or chamfer on bearings must clear the maximum fillet radius given in the table. This specification does not control bearing 
corner contours. 


2 Types BN, BA and BT are angular contact bearings which are often used interchangeably. 


TABLE 3—BALL BEARINGS, TYPES BC AND BL 


Indiv. Ring 
Outside Diam., D 


Bearing Numbers Kecent. Toler. 
and Types i } In., Max. 


1 The corner radius or chamfer on bearings must clear the maximum fillet radius given in the table. This specification does not control bearing corner 
contours. 
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TABLE 4—BALL BEARINGS, TYPE BS 


: : Indiv. Ring 
Outside Diam., D i 
Width, W Eccent. Toler. 
Fillet In., Max.: 

Nominal Rad., 

Toler. Nominal Toler. -+.000 R, 

0000, +.0000, —.005 In. 
Minus Minus 


.0004 0005 18 0.7087 .040 0005 0008 

.0004 0005 18 0.7087 | .040 0005 0010 

.0004 0005 20 0.7874 | .040 0005 0010 

.0005 0005 23 0.7874 .040 0006 0010 

.0005 0005 23 0.7874 .040 0010 
| .0005 0006 23 0.7874 .040 0006 0014 
| .0005 0006 23 0.7874 .040 0006 0014 
.0006 0006 25 0.9843 .060 0008 0014 
| .0006 0006 28 1.1024 .060 0008. 0014 
| .0006 0006 31 1.2205 | .060 0008 0014 
| .0006 0008 31 1.2205 | .060 0008 0016 
.0006 0008 31 1.2205 .060 0008 0016 

.0004 0005 21 0.8268 .040 0005 0010 
0004 0005 24 0.9449 .040 0005 0010 

.0004 0005 27 1.0630 040 0005 0010 

.0005 0005 31 1.2205 | .060 0006 0010 

.0005 0006 33 1.2992 | .060 0006 0014 

! .0005 0006 36 1.4173 | .060 0006 0014 
! .0005 0006 40 1.5748 | .080 0006 0014 
] .0006 0006 43 1.6929 .080 0008 0014 
i .0006 0008 46 1.8110 | .080 0008 0016 
| .0006 0008 48 1.8898 .080 0008 0016 
} .0006 0008 51 2.0079 .080 0008 0016 
.0006 0010 55 2.1654 .080 0008 0018 


| i The corner radius or chamfer on bearings must clear the maximum fillet radius given in the table. This specification does not control bearing corner 
contours, 


| | TABLE 5—BALL BEARING, TYPE BIC TABLE 6—BALL BEARING, TYPE. BM 
EEE EEE EE EEE EEE ESSE EEE Ee 


SO 


ROR 


AN NRE 


a 
Som NINOd No 


-0006 
8 -0008 12BM002 
.0008 
-0008 13BM001 
14BM001 
1 0010 15BMO001 
1% -0010 16BM001 
1% -0010 17BM003 118 
i -0010 
1 -0010 1 The corner radius or chamfer on bearings must clear the maximum filet radius given in the table. This 


specification dues not eae RiBestinkion 
pees 3 Tolerances on assembled bearing width fc for Se sizes, +0.005, —0.005 in. 
3 Outer Ring Width, ay Mm. 
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TABLE 7a—BALL BEARINGS, TYPES BE AND BD? 
i 


Bearing Bore, B Outside Diam., D Indiv. Ring 
‘Numbers Wid Eccent. Toler 
and Types Fillet In., Max. 
Rad., 
R}, 
In. 

BE BD Inner 
10BE32 14.3 % .025 -0004 
12BE32 en ae 15.9 % .025 .0004 
15BE32 15BD32 15.9 % -025 -0004 
17BE32 17BD32 17.5 lly, .025 .0004 
20BE32 20BD32 20.6 13%, .040 0005 
25BE32 25BD32 20.6 135 .040 0005 
30BE32 30BD32 23.8 1M 040 0005 
35BE32 385BD32 27.0 ll, -040 0006 
40BE32 40BD32 “30.2 1% -040 0006 
45BE32 45BD32 30.2 1% -040 0006 
50BE32 50BD32 ~30.2 1% .040 0006 
55BE32 55BD32 33.3 1% .060 0008 
60BE32 60BD32 36.5 1% .060 0008 
65BE32 65BD32 38.1 1% .060 0008 
70BE32 70BD32 39.7 1% .060 0008 
75BE32 75BD32 41.3 1% .060 0008 
80BE32 80BD32 44.4 13% 080 0008 
85BE32 85BD32 49.2 115% .080 0010 
90BE32 90BD32 52.4 2% 080 0010 
95BE32 95BD32 55.6 23% .080 0010 

100BE32 | 100BD32 60.3 23% -080 0010 
105BE32 | 105BD32 65.1 2% .080 0010 
110BE32 | 110BD32 69.8 234 .080 0010 


Eccent. Toler. 
In., Max. 


Outer 
10BE33 | 10BD33 .0006 
12BE33 | 12BD33 .0006 
15BE33 | 15BD33 .0006 
17BE33 | 17BD33 .0008 
20BE33 | 20BD33 .0010 
25BE33 | 25BD33 .0010 
30BE33 | 30BD33 E .0010 
35BE33 | 35BD33 34.9 .0010 
40BE33 | 40BD33 36.5 0014 
45BE33 | 45BD33 39.7 0014 
50BE33 | 50BD33 44.4 0014 
55BE33 | 55BD33 49.2 0014 
60BE33 | 60BD33 54.0 .0016 
65BE33 | 65BD33 : f 
70BE33 | 70BD33 one Dole 
75BE33 | 75BD33 68.3 .0018 
80BE33 | 80BD33 68.3 .0018 
85BE33 |. 85BD33 73.0 .0018 
90BE33 | 90BD33 73.0 -0020 
bet 30BD34 39.7 
ace ie 44,4 
evened 49.2 
ae 0 
anes 50BD34 2a 


cn oe corner radius or chamfer on bearings must clear the maximum fillet radius given in the table. This specification does not control bearing corner 
* Types BF, BK, BD, BE, BG, BJ and BS are doubl i identical dimensi i i 
two most popular types, BE and BD, hia pele ouble row bearings of identical dimensions which are often used interchangeably and therefore only the 


BALL-BEARING SNAP RINGS 


Ball-Bearing Snap Rings SAE Standard 


meer of Ball and Roller Bearings Division approved January 1934 and last revised by Ball and Roller Bearings Technical Committee January 


Ring Gap 


re 


Dimension R—To clear standard fillet radius. 

Dimension r—To clear 0.020 in. radius. 

Radius Y—Maximum 4 mm (0.016 in.) up to 52 mm OD, and 
6 mm (0.024 in.) above 52 mm OD. 


BRBU-7 
Expanded 
Position 


TABLE 8—SNAP RINGS 


For Metric Annular Ball Bearings, All Types (Single and Double Row) 


i Bearing Bores, 
i Mm. 
| Width | Diam. .| Thick.] Width | Gap] C'tr. 
| B Cc D T W G Bore 
io | Extra} Light} Medi. Min. 
| Ligh um | Light 
| 
| 
| PTA ee Bak 042 | .125 | %| 13% 
i Abe ae to 042 | 125 | %| 10g 
i 5110 042 125 | Kw] 13% 
| wails 19 042 | 125 | 34] 144, 
| ae fe haan Ba 042 125 | 4%] 1% 
| Bact 45 042 121%] 12% 
| Died hae 042 156 | | 26 
Ie 25 | 20 042 | .156 | 3%] 2194, 
fs 042 156 | 36| 2134 
30 | 25 065 156 | 3%] 2% 
Il. Bcka eee 065 188 | 3¢ | 253 
| 35 | 30 065 188 | 36] 3% 
| 
Pes 065 188 | 3%] 31%, 
| 40 | 35 065 | .188 | 36} 315 
1 7 ao ae 065 188 | 3%| 324 
| 50. | 40 095 188 | %6| 3°, 
| a 095 188 | 3%] 43¢, 
) 55 | 45 095 | .188 | 3% | 414 
60 | 50 095 188 | 3%} 4414 
: | 


A cross index of SAE designations for materials and parts appears after the last standard in this book, 


586 WHEEL BALL BEARINGS 


Wheel Ball Bearings | SAE Standard 


Report of Ball and Roller Bearings Technical Committee approved January 1949. 


TABLE 9—FRONT WHEEL BALL BEARINGS, TYPE BAF 


Bearing Numbers Widths 


Assembled 
Bearing 


Inner 
Ring 


Ball 
Assembly 


Outer Bearings 


12BAF401 | 12BAF501 | 12BAF601 | 12BAF701 0.608 
13BAF403 | 13BAF503 | 13BAF603 | 13BAF703 0.729 
14BAF405 | 14BAF505 | 14BAF605 | 14BAF705 0.825 
15BAF407 | 15BAF507 | 15BAF607 | 15BAF707 0.931 
16BAF409 | 16BAF509 | 16BAF609 | 15BAF709 0.973 
17BAF411 | 17BAF511 | 17BAF611-] 15BAF711 1.095 
11BAF421 | 11BAF521 | 11BAF621 | 11BAF721 0.562 
12BAF423 | 12BAF523 | 12BAF623 | 12BAF723 0.690 
13BAF425 | 13BAF525 | 13BAF625 | 13BAF725 0.690 
15BAF427 | 15BAF527 | 15BAF627 | 15BAF727 0.850 
18BAF429 | 18BAF529 | 18BAF627 | 18BAF727 0.973 
15BAF435 | 15BAF535 | 15BAF627 | 15BAF727 0.690 
Inner Bearings 
19BAF402 | 19BAF502 | 19BAF602 | 19BAF702 0.770 
20BAF404 | 20BAF504 | 20BAF604 | 20BAF704 0.933 
22BAF406 | 22BAF506 | 22BAF606 | 22BAF706 1.009 
23BAF408 | 23BAF508 | 23BAF608 | 23BAF708 1.095 
26BAF410 | 26BAF510 | 26BAF610 | 26BAF710 1.176 
17BAF422 | 17BAF522 | 17BAF622 | 17BAF722 0.609 
2iBAF424 | 21BAF524 | 21BAF624 | 21BAF724 0.851 
23BAF426 | 23BAF526 | 23BAF626 | 23BAF726 0.851 
24BAF428 | 24BAF528 | 24BAF628 | 24BAF728 1.015 
26BAF430 | 26BAF530 | 26BAF630 | 26BAF730 1.095 
“Y20BAF432 | 20BAF532 | 20BAF632 | 20BAF732 0.770 
20BAF442 | 20BAF542 | 20BAF642 | 20BAF742 0.770 
20BAF452 | 20BAF552 | 20BAF652 | 20BAF752 0.770 
22BAF462 | 22BAF562 | 22BAF662 | 22BAF762 0.770 


TABLE 10—REAR WHEEL BALL BEARINGS, TYPE BCB 


Bearing Outside Diameter 


Width, In. 
Number 


Inner 
35BCB082 0.984 
39BCB084 1.083 


45BCB088 


FAN AND WATER-PUMP’ BALL BEARINGS “887. 


Fan and Water-Pump Ball Bearings SAE Standard 


| Report of Ball and Roller Bearings Technical Committee approved January 1949. 


in ||] [eee | 
8RB 14-5 


Outer Ring Overlaps Seals 


Type B, Starred in Table 


Fig. 1—Typr A Fig. 2—Tyrr C 


TABLE 11—FAN AND WATER PUMP BALL BEARINGS, TYPE BWF 


B End, In. C End, In. Shed’g Shaft Diam., 
Groove In. 
: Bearing from NOTES 
Number C End 
In. 
| BWE229 iota Shaft Diam. .499 in. for 
BWF234 1234, 114 in, from C End. 
BWEF235 one 
BWE237 tere 
BWF238 So 
BWEF241 1494, 
BWF243 1g, 
BWF245 rate See Note 1. 
BWF256 woe 
BWF257 1434, .159 hole 3 in. from 
BWF258 184 B End. 
BWE260 gai Snap Ring groove in 
BWF261 1.819 B End. Extra groove 
BWF262 121, in cup O. D., % in. 
BWF263 1st, off center. 
BWF266 I 
BWEF268 Sis 
BWF269 1354, .552 in. diam. for 1 in. 
, BWE274 we on B End. 
I *BWEF278 aa 
BWE279 ee 
BWE283 ayer! See Note 2. 
BWEF284 118% Drill .157 in. hole 3 in, 
| BWF288 tis from B End. 
| BWE290 Aci 
BWEF299 2154, 
| BWF302 ees 
| BWF307 ‘eee 
BWF315 26 See Note 3.. 
BWF316 Qe ¥ in. hole in center. of 
BWEF318 A outer ring. 
BWF322 
BWF324 
BWF330 


=e, * 


Oe at 


ne 


BWF340 


Note 1—O. D. outer 1.500; 2.125 long. Two keyways, shedding groove and slot in C End, 
Note 2—Drill .159 in. hole 3% in. from B End. 
Note 3—.157 in. hole % in. from B End. 
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Clutch-Release Ball Bearings SAE Standard 


Report of Ball and Roller Bearing Technical Committee approved January 1949. 


Angular Contact Type TK 


TF 2077 
ae | 
BRB IS-/ 


Type 7 TypE 5 TYPE 6 Tyrer 8 


TABLE 12—ANGULAR CONTACT, TYPE TK BEARINGS 


Outside Widths H’s’g | Inner | Cont. 
Bearing | Type | Bore i 
Number B 


22TK306 
22TK307 
23TK302 


23TK315 
<i 23TK330 
24TK308 


24TK307 
26TK324 
26TK302 


26TK314 
‘29TK302 
29TK316 


32TK328 
32TK313 


HOR woh 0000 
-_ i 


_ 


- 


36TK314 


36TK301 
36TK327 
38TK306 


40TK306 
44TK314 
44TK330 
44TK302 


1Qutside diameter mounted. 


- 


— 


2 
1 
2 
5 
2 
1 
5 
2 
1 
5 
7 
ui 
2 
5 


ry 
~ 


(Continued on next page.) 


ae 


Bearing 
Number 


306TN342 
306TN343 
307TN334 
308TN334 


310TN331 


311TN332 


312TN334 
316TN335 


320TN340 
321TN342 
329TN340 
331TN334 


333TN332 
335TN334 
335TN332 
337TN332 


Type 


ee ee fmt fmt et et me bo me OO 


CLUTCH-RELEASE BALL BEARINGS 


Thrust Type TN 


Typn 2 


TABLE 13—THRUST, TYPE TN BEARINGS 


Bore 
B 


PB 


Outside] H’s’g : Widths 
Diam. | Bore a : Fl Pye Vt als CAS 
? ip Max. | Min. | Center Ww vane 

Max. | Min. of Rad. Max. Max. 
213% 2% aye ae ¢ Ate ss .682 

236 2% ayy ot 1.516 24% 124 

3k 2134 Rs eee Ye 144 

3% 21369 744. 

3% 2% 2% be ae .673 -750 
23% 2% ne 1.506 lly, SUA eine: 
3k 213 DEK swig 3 shoes 744 

3714, 2% .807 

3% 2% .807 

38% 2% .807 

all, 2b st rier, .807 

316 216 magne 2.255 .807 

4l4 36 By SAU I nae 
4% 3% A rds 8704 os: 
4, 8g 314 .860 | 1.000 
5% 4 Bras 890 | ... 


4¥ given only where smaller than B. 
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590 CYLINDRICAL ROLLER BEARINGS 


Cylindrical Roller Bearings SAE Standard 


Report of Ball and Roller Bearings Division approved January 1944 and last revised by Ball and Roller Bearings Technical Committee January 
1949. 


TABLE 14a—CYLINDRICAL ROLLER BEARINGS, TYPES RN, RU, RF, RY, RJ, RM, RK, RS, RC, RG, RP, RT 


Indiv. Ring Width, 
Nominal Eccent. Toler., 


Bearing +.000 Fillet In., Max. 
Number, —.005 pads 
RN? 
In. 

2 0.4724 025 
DORN? 0.5512 040 
25RN02 0.5906 .040 
30RN02 0.6299 040 
35RNO02 0.6693 040 
40RN02 0.7087 -040 
45RN02 0.7480 040 ~ 
50RN02 0.7874 _|— .040 
55RN02 0.8268 060 
60RN02 0.8661 060 
65RNO02 0.9055 -060 
7ORNO2 0.9449 060 
75RNO2 0.9843 -060 
80RN02 1.0236 -080 
85RNO02 1.1024 080 
90RN02 1.1811 -080 
95RNO2 1.2598 -080 

100RN02 1.3386 -080 
105RNO02 1.4173 -080 
110RN02 1.4961 -080 
120RN02 1.5748 080 
130RN02 1.5748 -100 
140RN02 1.6535 -100 
150RN02 ° 


1.7717 -100 


1The corner radius or chamfer on bearings must clear the maximum fillet radius given in the table. This specification does not control bearing corner contours, 
2Same data applicable to Types RU, RF, RY, RJ, RM, RK, RS, RC, RG, RP and RT, 


TABLE 14b—CYLINDRICAL ROLLER BEARINGS, TYPES RN, RU, RF, RY, RJ, RM, RK, RS, RC, RG, RP, RT 


Bore Outside Diameter Indiv. Ring Width, 

Beatie Nominal Heres Toler, 

Number, Nominal ; 2 ig 

Type 
RN2 

Mm. in Inner | Outer 
17RN03 17 0.6693 .0004 0008 
20RN03 20 0.7874 .0005 0010 
25RN03 25 0.9843 0005 0010 
30RN03 30 1.1811 0005 0010 
35RN03 35 1.3780 -0006 .0010 
40RN03 40 1.5748 -0006 .0014 
45RN03 45 ine tis We -0006 .0014 
50RNO03 50 1.9685 -0006 0014 
55RN03 55 2.1654 -0008 0014 
60RN03 60 2.3622 0008 0016 
65RNO3 65 2.5591 0008 -0016 
7ORNO3 70 2.7559 0008 0016 
75RNO3 75 2.9528 .0008 .0018 
80RNO03 80 3.1496 0008 0018 
85RNO3 85 3.3465 0010 .0018 
90RNO3 90 3.5433 0010 .0020 
95RNO3 95 3.7402 0010 .0020 
100RN03 100 3.9370 0010 -0020 
105RNO03 105 4.1339 0010 .0020 
110RN03 110 4.3307 0010 .0020 
120RN03 120 4.7244 0010 .0024 
130RN03 130 5.1181 0012 .0024 
140RN03 140 5.5118 0012 .0024 
150RN03 150 5.9055 0012 .0028 


1 The corner radius or chamfer on bearings must clear the maximum fillet radius given in the table. This specification does not control bearing corner contours. 
? Same data applicable to Types RU, RF, RY, RJ, RM, RK, RS, RC, RG, RP and RT. 
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TABLE 15—SELF-ALIGNING ROLLER BEARINGS, TYPES SD AND SW 


Numbers 
and Types eee 
SD i Minus 


NX 
Nn 
= 
ia) 
f=) 
wD 
bond 


9.8425 
10.6299 


a 
80 
te! 
° 
o 

eo 

+S 
nN 

N 

= 

Q 

& 


150SD22 


Needle Roller Bearings 


Report of Ball and Roller Bearings Technical Committee approved January 1949. 


TABLE 16—NEEDLE ROLLER BEARINGS—TYPE NCD 


6NCD1212 
6NCD1213 
8NCD1216 
»10NCD1218 


10NCD1219 
10NCD1618 
12NCD1220 
12NCD1620 


12NCD1621 
12NCD2421 
13NCD1220 
13NCD1620 


13NCD1621 
14NCD1622 
15NCD1622 
16NCD1624 


18NCD1628 
18NCD2026 
19NCD2030 
20NCD2030 


23NCD2434 
24NCD1634 
24NCD2434 
30NCD2440 


40SD23 
458D23 
50SD23 
558D23 
60SD23 
65SD23 
70SD23 
75SD23 
80SD23 
858D23 
90SD23 
958D23 
100SD23 
110SD23 
120SD23 
1308D23 
140SD23 
150SD23 


40SW23 through 150SW23 


1The corner radius or chamfer on bearings must clear the maximum fillet radi i i 
: “ ‘ radius given i 
specification does not contro] bearing corner contours. S ee atl 


SAE Standard 


TABLE 17—LOOSE ROLLERS, TYPE L 


Bearing: Size Bearing Size 
Number | (Diam. x Length)} Number | (Diam. x Length) 


0312L19 1094L62 1094 x 0.62 
0312125 1094 x 0.75 
0312L31 .1094 x 0.88 
.1094 x 1.00 
0469125 
0469L31 1250 x 0.75 
0469L38 1250 x 0.88 
04691L44 .1250 x 1.00 
.1250 x 1.12 
0625L38 1250 x 1.25 
0625144 
0625L5 .1562 x 1.00 
0625L56 1562 x 1.25 
0625L62 .1562 x 1.50 
0781L44 -1875 x 1.00 
0781L5 1875 x 1.25 
0781L56 1875 x 1.50 
0781L62 
0781L69 .2188 x 1.00 
0781L75 .2188 x 1.25 
.2188 x 1.50 
0938L56 
0938L62 .2500 x 0.50 
0938L69 .2500 x 0.75 
0938L75 .2500 x 1.00 
0938L81 2500 x 1.25 
0938L88 .2500 x 1.50 
2500 x 1.75 
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BALL- AND ROLLER-BEARING TOLERANCES 


Ball- and Roller-Bearing 
Tolerances 


SAE Standard 


Report of Ball and Roller Bearings Division approved January 1944 and last revised by Ball and Roller Bearings Technical Committee January 
1949, 


TABLE 18—TOLERANCES OF METRIC ANNULAR BALL, CYLINDRICAL AND SELF-ALIGNING 
ROLLER BEARINGS EXCEPT TYPE BM (Magneto) 
TOLERANCES IN .0001 IN. 


INNER RINGS 


Bore Toler. 


d Min. |d Max. | Eccent. 


cooooooeoooo 
COR PR POO DN ee 
id= 


WIDTH OF INDIVIDUAL 
INNER OR OUTER RING 
(Bearings Other Than Duplex) 


Nom. Bore, Mm. Width Toler. 


Plus Minus 


OUTER RINGS 


Outside Diameter Toler. 


Outside 
Diam., 


TOTAL WIDTH OF INNER OR OUTER RINGS 
(Duplex Bearings!) 


Plus Minus 
0 200 
0 300 
0 400 
0 500 


1 Jf other than a pair of bearings is involved, the tolerance is in 
proportion to the number of bearings. 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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Taper Roller Bearings SAE Standard 


Report of Ball and Roller Bearings Division approved January 1912 and last revised by Ball and Roller Bearings Technical Committee January 
1949. 


[This SAE Standard applies to cage or cageless types of taper 
roller bearings.] 


TABLE 192—TAPER ROLLER BEARINGS—TYPE TS 


Bearin Outside | Bearing | Cone | Cup Bearing Outside | Bearing | Cone | Cu 
No. Bore | Diam. | Width | Rad. | Rad No. Bore | ‘Diam. | Width | Rad. | Rad. 
A2037-A2126 0.3750 1.2595 | 0.3940 Ue, uy 1985-1932 1.1250 2.3125 | 0.7500 ve 3% 
A2047-A2126 0.4720 1.2595 | 0.3940 le on 15112-15250 1.1250 2.5000 | 0.8125 % fh 
A4050—-A4138 0.5000 1.3775 | 0.4330 3 ah 2689-2631 1.1250 2.6150 | 0.9375 34 MG 
A4059-A4138 0.5900 1.3775 | 0.4330 lo 3G 02474-02420 1.1250 2.6875 0.8750 le iy 
A6062-A6157 0.6250 1.5745 | 0.4730 al 8G 2578-2523 1.1250 2.7500 | 0.9375 % A 
17580-17520 0.6250 1.6875 | 0.6563 \% VY 26112-26283 1.1250 2.8345 | 0.7480 ly “% 
05062-05185 0.6250 1.8504 | 0.5662 % A 3198-3120 1.1250 2.8593 | 1.1875 4 yy 
a | 09062-09196 0.6250 1.9380 | 0.9063 le A 02872-02820 1.1250 2.8750 | 0.8750 Ye y% 
| A6067—A6157 0.6690 1.5745 | 0.4730 lo Yay 2690-2631 1.1562 2.6150 | 0.9375 ya BA 
| A6075-A6157 ‘0.7500 1.5745 | 0.4730 | .040 a 17118-17244 1.1805 2.4410 | 0.6300 V“% ly 
| 05075-05185 0.7500 1.8504 | 0.5662 34 br 15117-15250 1.1805 2.5000 | 0.8125 mh mh 
. 09078-09196 0.7500 1.9380 | 0.9063 ey “% 14117A-14276 1.1810 2.7170 | 0.7813 A uy 
i 
i 1775-1729 0.7500 2.2400 | 0.7625 Ga A 17119-17244 1.1875 2.4410 | 0.6300 WG AG 
i} 05079-05185 0.7870 1.8504 | 0.5662 Y“% ve 2558-2523 1.1875 2.7500 | 0.9375 %% a 
il, a 07079-07204 0.7874 2.0470 | 0.5910 Ye ve 3191-3120 1.1875 2.8593 1.1875 MG ¥% 
yr 12580-12520 0.8125 1.9380 | 0.7813 YG le 15118-15250 1.1895 2.5000 | 0.8125 Uy rn 
|| 07087-07204 0.8750 2.0470 | 0.5910 Ye By 14119A-14276 1.1900 2.7170 | 0.7813 Yo ve 
| 1380-1329 0.8750 2.1250 | 0.7625 WG Y% 1674-1620 1.2450 2.6250 | 0.8125 Y“% (4 
| 1755-1729 0.8750 2.2400 | 0.7625 7A ey 08125-08231 1.2500 2.3125 | 0.5781 .040 | .040 
1280-1220 0.8750 2.2500 | 0.8750 le “% 02475-02420 1.2500 2.6875 | 0.8750 9 : 
| 1779-1729 0.9375 2.2400 | 0.7625 le Ye 14125A-14276 1.2500 2.7170 | 0.7813 MM A 
| 3659-3620 0.9375 2.4375 1.1250 36 y% 2582-2523 1.2500 2.7500 | 0.9375 Gy on 
i 2685-2631 0.9375 2.6150 | 0.9375 le Ya 3193-3120 1.2500 2.8593 1.1875 Se \% 
26093-26283 0.9375 2.8345 | 0.7480 XQ Y“% 02875-02820 1.2500 2.8750 | 0.8750 fl ¥% 
07098-07204 0.9835 2.0470 | 0.5910 | \% % 2875-2820 1.2500 2.8750 | 0.8750 YG y 
07100-07204 1.0000 2.0470 | 0.5910 .040 uy 3476-3420 1.2500 3.1250 1.1563 ve \% 
15578-15520 1.0000 2.2500 | 0.6875 Uy Vig 346-332 1.2500 3.1496 ! 0.8268 4 vA 
1986-1932 1.0000 2.3125 | 0.7500 uy ra 26126-26283 1.2600 2.8345 | 0.7480 MG ly 
| 15100-15250 1.0000 2.5000 | 0.8125 MG aA 14130-14276 1.3125 2.7170 | 0.7813 Me 3G 
| 2687-2631 1.0000 2.6150 | 0.9375 vy % 2585-2523 1.3125 2.7500 | 0.9375 MG A 
26100-26283 1.0000 2.8345 | 0.7480 \% AG 2876-2820 1.3125 2.8750 | 0.8750 Us ¥% 
| 15580-15520 1.0625 2.2500 | 0.6875 % A 2785-2720 1.3125 3.0000 | 0.9375 % % 
| 
| 
| 
| TABLE 19b>—TAPER ROLLER BEARINGS—TYPE TS (Continued) 
/ 
i Bearing Outside | Bearing | Cone | Cup Bearing Outside | Bearing | Cone |} Cu 
No. Bore | Diam. | Width | Rad. | Ra No. Bore | ‘Diam. | Width | Rad. | Rad. 
\ 
‘ 31590-31520 1.3125 3.0000 1.1563 a) yy 444-432 1.5000 3.7500 1.0938 Uy % 
14137A-14276 1.3750 2.7170 -7813 UG SG §42-532X 1.5000 4.2500 1.4375 UG 4 
02877-02820 1.3750 2.8750 -8750 % \% 26881-26820 1.5625 3.1562 1.0000 Vs 4 
2878-2820 1.3750 2.8750 .8750 le \% 3382-3320 1.5625 3.1562 1,1563, Y% yw 
25878-25820 1.3750 2.8750 .9375 % %@ 422-414 1.5625 3.4843 | 1.0625 % le 
2786-2720 1.3750 3.0000 .9375 13g 74 28158-28315 1.5748 3.1495 -8270 “6 “% 
36137-36300 1.3750 3.0000 | 1.1563 Y% \Y 344-332 1.5748 3.1496 -8268 % 34, 
31593-31520 1.37507 3.0000 1.1563 24 \ 420-414 1.5748 3.4843 1.0625 te Ve 
3478-3420 1.3750 3.1250 1.1563 a VA 24780-24720 1.6250 3.0000 .8750 Py 1 
335-332 1.3750 3.1496 .8268 le vA 11162-11315 1.6250 3.1495 -7090 A Ye 
3379-3320 1.3750 3.1562 1.1563 VG % 342-332 1.6250 3.1496 -8268 %% 3 
417-414 1.3750 3.4843 1.0625 le Ve 26882-26820 1.6250 3.1562 1.0000 Fe 1g 
449-432 1.3750 3.7500 1.0938 ya %% 3877-3820 1.6250 3.3750 | 1.1875 1% Ba 
19138-19283 1.3770 2.8345 .6700 \“% \% 3577-3525 1.6250 3.4375 1.1875 wa \% 
339-332 1.3779 3.1496 8268 Yo %% 419-414 1.6250 3.4843 1.0625 % % 
26883-26820 1.3779 3.1562 1.0000 % \y 4388-4335 1.6250 3.5625 1.5625 af \y 
2794-2720 1.4365 3.0000 .9375 rh \y 49162-49368 1.6250 3.6875 | 1.2500 3, \y% 
19143-19283 1.4375 2.8345 -6700 \% 7G 46162-46368 1.6250 3.6875 1.2500 % \ 
16143-16284 1.4375 2.8440 .8125 A 3G 447-432 1.6250 3.7500 | 1.0938 % % 
3878-3820 1.4375 3.3750 | 1.1875 le 74 526-522 1.6250 4.0000 | 1.3750 A \y 
13889-13836 1.5000 2.5625 -5000 WG VO 25578-25520 1.6875 3.2650 .9375 | .090 A 
13685-13621 1.5000 2.7170 -7500 1% 3¢ 3579-3525 1.6875 3.4375 1.1875 4 lg 
19150-19283 1.5000 2.8345 .6700 | .060 “6 3428-332 1.6880 3.1496 -8268 14 3 
16150-16284 1.5000 2.8440 -8125 MG LA 26884-26820 1.6880 3.1562 | 1.0000 6 \% 
2788-2720 1.5000 3.0000 .9375 fh \¥% 25577-25520 1.6880 3.2650 -9375 % vA 
3490-3420 1.5000 3.1250 | 1.1563 % \% 12175-12303 1.7500 3.0312 -6875 | .060 | .060 
28151-28315 1.5000 3.1495 .8270 9 v 13175-13318 1.7500 3.1875 -7500 0 % 
337-332 1.5000 3.1496 .8268 Ve vA 35175-35326 1.7500 3.2650 -8750 % le 
3381-3320 1.5000 3.1562 | 1.1563 y By 25580-25520 1.7500 3.2650 -9375 % v 
3876-3820 1.5000 3.3750 1.1875 % | 355-3544 1.7500 3.3464 -8125 % vA 
418-414 1.5000 3.4843 | 1.0625 % le 3578-3525 1.7500 3.4375 | 1.1875 % ¥% 
49150-19368 1.5000 3.6875 1.2500 | %% % 49175-49368 1.7500 3.6875 1.2500 %% A 


al he | 
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Bearing Outside Bearing Bearing | Cone} Cw 
No. Bore | Diam. No. Width | Rad. | Rad. 
46176-46368 1.7500 | 3.6875 529X522 2.0000 K% 
438-432 1.7500 | 3.7500 455-453 2.0000 Z 
527-522 1.7500 | 4.0000 59200-59412 2.0000 
460-453X 1.7500 | 4.1250 4580-4535 2.0000 
59175-59412 1.7500 | 4.1250 537-532X 2.0000 y 
535-532X 1.7500 | 4.2500 3975-3920 2.0000 % 
65385-65321 1.7500 | 4.5000 619-612. 2.0000 y% 
615-612 1.7500 | 4.7500 555-552A 2.0000 4 
25584-25520 1.7710 | 3.2650 6279-6220 2.0000 % 
3776-3720 1.7710 | 3.6718 3767-3720 2.0625 % 
358-3544 1.7716 3.3464 33890-33821 2.0625 Ly 
376-3724 1.7716 | 3.8125 377-372A 2.0625 % 
18690-18620 1.8125 | 3.1250 540-532X 2.0625 Y% 
13181-13318 1.8125 | 3.1875 389A-382 2.1250 ig 
359S-354A 1.8125 | 3.3464 456-453 2.1250 ¥% 
2984-2924 1.8125 | 3.3464 4595-4535 2.1250 4 
436-432 1.8125 | 3.7500 539-532K 2.1250 74 
369A-362A | 1.8750 | 3.5000 621-612 2.1250 4 
3778-3720 1.8750 | 3.6718 557S-552A 2.1250 ¥% 
528-522 1.8750 | 4.0000 6280-6220 2.1250 14 
5358-5335 1.8750 | 4.0625 636-632 2.1250 iy 
463-453 X 1.8750 | 4.1250 385-382 2.1653 We 
536-532X 1.8750 | 4.2500 389-382 2.1880 lg 
617-612 1.8750 | 4.7500 28682-28622 2.2500 le 
5395-5335 1.9375 | 4.0625 387A-382 2.2500 ly 
366-362A 1.9685 | 3.5000 462-453X 2.2500 y¥% 
465-453 X 1.9685 | 4.1250 390-394A 2.2500 6 
18200-18337 2.0000 | 3.3750 3979-3920 2.2500 
368A-362A 2.0000 3.5000 623-612 2.2500 1 
3780-3720 2.0000 3.6718 5558-5524 2.2500 Y 
375-3724 2.0000 | 3.8125 65225-65500 2.2500 ¥% 
49585-49520 2.0000 | 4.0000 6375-6320 2.2500 4 
TABLE 19d—TAPER ROLLER BEARINGS—TYPE TS (Conténued) 
Bearing Outside | Bearing | Cone | Cup Bearing Outside | Bearin cone 
No. Bore | Diam. | Width | Rad. | Rad. No. Bore | ‘Diam. | Width. Rae. 
29582-29520 2.3622 | 4.2500 | 1.0000 | % Y% 567A-563 2.8125 | 5.0000 } 1.4375 | 9 
397-394A 2.3622 | 4.3307 8661 l~ A 645-632 2.8125. | 5.3750 | 1.6250 i i 
28985-28920 2.3750 | 4.0000 | 1.0000 | % \% 567-563 2.8750 | 5.0000 |. 1.4375 yA BY 4 
3980-3920 2.3750 | 4.4375 | 1.1875 | % % 744-742 2.8750 | 5.9090 | 1.7500 | % 4 
6376-6320 2:3750 | 5.3447 | 2.1250 | % Vy 657-652 2.8750 | 6.0000 | 1.6250 | %, % 
39250-39412 2.5000 | 4.1250 8438 | .080 | .080 568-563 2.9062 | 5.0000 | 1.4375 | % 4 
395-394A 2.5000 | 4.3307 8661 | % 4, 34300-34478 3.0000 | 4.7812 9688 | .080 | .080 
3982-3920 2.5000 | 4.4375 | 1.1875 | % yy 47680-47620 3.0000 | 5.2500 | 1,3125 | % y% 
33251-33462 2.5000 | 4.6250 | 1.1875 | % 1 495A-493 3.0000. | 5.3750 |.1.1875 | % 54 
477-4724 2.5000 | 4.7244 | 1.1418 | l@ y% 575-572 3.0000: | 5.5115 | 1.4375 | % 74 
5584-5535 2.5000 | 4.8125 | 1.7188 | % % 6461-6420 3.0000 | 5.8750 | 2.1250 | %.| % 
559-552A 2.5000 | 4.8750 | 1.5000 | % y% T48S-742 3.0000 | 5.9090 }+1.7500 | % % 
565-563 2.5000 | 5.0000 | 1.4375 | %, ¥% 659-652 3.0000 | 6.0000 | 1.6250 | 9 1 
639-632 2.5000 | 5.3750 | 1.6250 | % % 6576-6535 3.0000. | 6.3750 | 2.1250 6 ie 
6379-6320 2.5625 | 5.3447 | 2.1250 | %& Yy 843-832 3.0000 | 6.6250 | 2.1250 | 1% ¥% 
395S-394A 2.6250 | 4.3307 | .8661 | % vA 34306-34478 3.0625 | 4.7812 9688 | % -| .080 
3984-3920 2.6250 | 4.4375 | 1.1875 | % ¥% 47681-47620 3.1875 | 5.2500 | 1.3125 | + % yy 
33262-33462 2.6250 | 4.6250 | 1.1875'| % ye 496-493 3.1875 | 5.3750 | 1.1875 | % Y 
479-4724 2.6250 | 4.7244 | 1.1418 | % ¥% » 581-572 3.1875 “|< 5.5115 | 1.4375 | % J 
560-552A 2.6250 | 4.8750 | 1.5000 | % Vy 740-742 3.1875 | 5.9090 | 1.7500 sf i 
641-632 2.6250 | 5.3750 | 1.6250 | % % 838-832 3.1875 6.6250 | 2.1250 | % 4 
399A-394A 2.6875 | 4.3307 8661 | 3% vf 47686-47620 3.2500 | 5.2500 | 1.3125 | 9% 4 
480-4724 2.6875 | 4.7244 | 1.1418 | % % 495-493 3.2500 | 5.3750 | 1.1875 | % $74 
560S-552A 2.6875 | 4.8750 | 1.5000 | % % 580-572 3.2500 | 5.5115 | 1.4375 | % y% 
570-563 2.6875 | 5.0000 | 1.4375 | % Y% 663-652 3.2500 | 6.0000 | 1.6251 9 
33275-33462 2.7500 | 4.6250 | 1.1875 | % \% 842-832 3.2500 €6280 21380 iy if 
482-4724 2.7500 | 4.7244 | 1.1418 | % ¥% > 498-493 3.3125 | 5.3750 | 1.1875 | % 
566-563 2.7500 | 5.0000 | 1.4375 | % ¥% 749-742 3.3475 | §5.9090"| 1.7500 | % ° 
643-632 2.7500 | 5.3750 | 1.6250 | % ¥% 596-592A 3.3750. | 6.0000 | 1.5625 | %&, 
655-652 2.7500 | 6.0000 | 1.6250 | %, % 665-652 3.3750 | 6.0000 | 1.6250 | % 3 
835-832 2.7500 | 6.6250 | 2.1250 | %, % 593-5924 3.5000 | 6.0000 | 1.5625 |. 3 
33281-33462 2.8125 | 4.6250 | 1.1875 | % \% 3.5000 | - 6.3750 |. 1.8750 #4 4] 


- 


TAPER ROLLER BEARINGS 


TABLE 19%e—TAPER ROLLER BEARINGS—TYPE TS (Continued) 


759-752 


TAPER ROLLER BEARINGS 


TABLE 19e—TAPER ROLLER BEARINGS—TYPE TS (Concluded) 


Outside | Bearing Cone} Cup Bearing Bearing | Cone Cup 
Diam. i Rad. | Rad. No. Width | Rad. | Rad. 
7.5000 5% YY 797-792 1.8750 | % ¥% 
6.3030 Yo yy 67390-67320 | 1.8125 | % % 
6.0000 % ¥ 74525-74850 © 18750 | 9 ¥% 
77362-77675 6.7500 9 4 95525-95925 2.5000 | % Y% 
42368-42584 5.8437 120 | .120 || NA48390-48320 1.5625 | % % 
42375-42584 5.8437 120 | .120 
74537-74850 1.8750 | 3 % 
594-592A 6.0000 6, é ||EE580537-581200 3.1250 | % % 
683-672 6.6250 Y% 1 -W% 74550-74850 1.8750 |: 2 Vy 
77375-77675 6.7500. V6, y% 73551-73875 1.3750 | % % 
; 685-672 6.6250 6 yy 898-892 2.2500 | %, Y% 
| 779-772 7:1250 Vy —|- 82550-82950 2.2500 | % \% 
52400-52618 6.1875 % % 
; i 4 99550-99100 10.0000 | 2.6250 | % % 
687-672 6.6250 VY, YZ ||BE540550-541162 11.6250 | 3.2500 | % yy 
ibe 780-772 7.1250 %% ¥% ||RE750558-751200 12.0000 | 2.3750} % \Y 
f 861-854 , 7.5000 4% Yg: 11EE450551-451212 12.1250 | 3.5000 % wn 
| 782-772 7.1250 %, \% 73562-73875 8.7500 | 1.3750 | % % 
) 37425-37625 6.2500 V6 4 82562-82950 9.5000 | 2.2500 | % ¥% 
| 64450-64700 7.0000 6 % rin 
: 82576-82950 9.5000 | 2.2500 | % \% 
; 71450-71750 7.5000 % \% 81575-81962 . 9.6250 |: 1.8750 |. % \% 
938-932 8.3750 %B Y% 99575-99100 10.0000 | 2.6250 | % X% 
| 68462-68712 7.1250 YE Y%_ |}EE107057-107105 10.5625 | 2.9375.| 4 4 
2 795-792 8.1250 ly Y ||}EB217056-217112 11.2500 | 3.0000 | % A 
67388-67320 8.0000 VE ¥%- |) EE750576-751200 12.0000} 2.3750 | % A 
5 74500-74850 8.5000 % | KS : 
a EE450577-451212 12.1250°} 3.5000 | % 1K, 
| 95500—95925 9.2500 Yy A 82587-82950 9.5000 | 2.2500 | % A 
*| EE116050-116097 9.7500 4 % 99587-99100 10.0000 | 2.6250 | % ¥% 
: | BE153050-153100 10.0000 3% Yy~ || EE560590-561275 12.7500 | 3.0625 | la 4% 
| EE540502-541162 ~ 11.6250 6 y 81600-81962 9.6250 | .1:8750 | % Ms 
EE455051-455116 11.6250 YY Y% 99600-99100 10.0000 } 2.6250 | % ¥% 
EE580500-581200 12.0000 \ % wed 
EE107060-107105 10.5625 | 2.9375 | \% \y 
EE750502-751200 , 12.0000 Ve Y% ||EE217060-217112 11.2500 | 3.0000 |. % WA 
48506-48750 7.5000 Y% | % |)BE450601-451212 12.1250 | 3.5000 | % 1g, 
8.1250 yy, ¥g . || EE560600-561275 12.7500 | 3.0625 | 1% Y% 


799-792 


TABLE 20—TAPER ROLLER BEARINGS—TYPE TSS. 

Bearing Outside | Bearing | Cone | Cup 

No. Diam. Width | Rad. | Rad. 

11590-11520 0.6250 V% Vs 

21075-21212 0.7500 VG SQ 

23100-23256 1.0000 AG Ve 

41100-41286 1.0000 VY Ye 

41125-41286 1.1250 v% Ve 

43112-43312 1.1250 Yo Ve 

43125-43312 1.2500 1G Vie 

44150-44348 1.5000 eo) Ye 

44158-44348 1.5625 %, Vig 

Cup Radl-~~, 53162-53375 1.6250 1% Yo 
53177-53375 1.7500 % le 

55200-55443 2.0000 % 4 

fans Ts | 34988 a 

Ne 1 = iit 5! 4 8 
Cone Rad. 78215-78551 2.1250 % % 
66585-66520 2.3622 af % 

9180-9121 2.4375 VG, \% 

78250-78551 2.5000 % 

* 9185-9121 | 2.6875 % 

. 9285-9220 3.0000 ¥% 

*, 9380-9321 3.0000 % 

98316-98788 3.1496 % 

9385-9321 3.3125 yy 

98335-98788 3.3465 % 

98350-98788 3.5000 \% 

- 90381-90744 3.8125 % 

98400-98788 4.0000 Y% 


EE215040-215096 4.0000 


TAPER ROLLER BEARINGS 


Cone Kaas, Cup Rad.~, 
See ee ae 1) 
a yaa 
&rg. 
Wialth ae 
° ISS Storctout 
f Ra eS Flange 0.D.------ a 
(See Table 21.) (See Table 22.) 
TABLE 21—TAPER ROLLER BEARINGS—TYPE TST 
Bore Bore 
i Outside| Bearing] Cone | Cu Bearing Ont Bearing} Cone Cu 
No. Taper| Diam. | Width | Rad. Rad. No. Taper| Diam. | Width | Rad. | Rad. 
Diam per Ft. Diam per Ft. 
15575T-15520 | 0.9375 | 1.00 | 2.2500 | 0.6875 % Y% 435T-432 1.7500 | 1.00 | 3.7500 | 1.0938] 14 % 
07098T-07204 | 0.9835 | 1.00 | 2.0470 | 0.5910} Ye ty 349T-332 1.7688 | 9°0’ | 3.1496 | 0.8268 ; “4 
1757-1729 1.0000 | 1.00 | 2.2400 | 0.7625 | le % 25584T-25520 | 1.7708] 1.00 | 3.2650 | 0.9375 i K; 
2688T-2631 1.0625 | 1.00 | 2.6150 | 0.9375 | % 34 359-354A | 1.8125] 1.00 | 3 3464 0.8125 “a 
26112T-26283 | 1.1250] 1.00 | 2.8345 | 0.7480] % iV 463T-453X | 1.8438] 1.00 | 4.1250 | 1.1875 Ys 
26117T-26283 | 1.1770 | 1.00 | 2.8345 | 0.7480| Y% Ve 536T-532K | 1.8750] 1.00 | 4.2500 | 1.4375 J 
2583T-2523 1.1875 | 1.00 | 2.7500 | 0.9375 | % es 537T-532X_ | 2.0000 | 1.00 | 4.2500 | 1.4375 “a 3 
14123T-14276 | 1.2500 | 1.00 | 2.7170 | 0.7813 | Y%@ OPA 65199T-65500 | 2.0000 | 2.00 | 5.0000 | 1.7500 Z 3 
2580T-2523 1.2500 | 1.00 | 2.7500 | 0.9375| %& By 377T-372A | 2.0625 | 1.00 | 3.8125 0.8750 bo i 
14582T-14525 | 1.3125] 1.00 | 2.6875 | 0.8125 le %Q 28677T-28622 | 2.0625 | 1.00 | 3.8437 | 0.9688 4 j 
2581T-—2523 1.3125 | 1.00 | 2.7500 | 0.9375 | 4 3% 368T-362A | 2.0852 | 9°0’ | 3.5000] 0.8125 ; SE 
14132T-14276 | 1.3125] 1.00 | 2.7170| 0.7813} % Ef 539T-532K | 2.1250 | 1.00 | 4.2500 | 1.4375 an % 
2790T-2720 1-3125 | 1.00 | 3.0000 | 0.9375] % \% 65212T-65500 | 2.1250] 2.00 | 5.0000] 1.7500] % % 
25877T-25820 | 1.3750} 1.00 | 2.8750 | 0.9375 | % % 467T-453X | 2.2500 | 1.00 | 4.1250] 1.1875 | % { 
2787-2720 1.3750 | 1.00 | 3.0000 | 0.9375; % \% 468T-453X | 2.3125| 1.00 | 4.1250] 1.1875] 9% 7% 
3379T-3320 1.3750 | 1.00 | 3.1562] 1.1563] le y% 388T-382 2.3340 | 9°0’ | 3.8750 | 0.8268 | } Ya 
2791T-2720 1.4062 | 1.00 | 3.0000 | 0.9375 | % \% 559T-552A | 2.5000 | 1.00 | 4.8750 | 1.5000} le 3 
25879T-25820 | 1.4375 | 1.00 | 2.8750 | 0.9375] % % 560T-552A | 2.6250] 1.50 | 4.8750 | 1.5000} % % 
3380T-3320 | 1.4375] 1.00 | 3.1562] 1.1563] 1% % 399T-394A | 2.6463 | 9°0’ | 4.3307 | 0.8661 | le % 
2Z798T-2720 1.4855 | 1.00 | 3.0000 | 0.9375] % 74 485T-472A | 2.8447] 1.00 | 4.7244] 1.1418] % 
26876T-26820 | 1.4855] 1.00 | 3.1562] 1.0000/ % ¥% 488T-472A | 2.8773 | 9°0’ | 4.7244 | 1.1418] le 4% 
19150T—19283 | 1.5000 | 1.00 | 2.8345 | 0.6700| % Y% 755T-752 3.0000 | 1.50 | 6.3750 | 1.8750] % % 
2882T-2820 1.5000} 1.00 | 2.8750 | 0.8750] le % 5784-5735 3.1875 | 1.00 | 5.3438 | 1.7500 | % % 
2788T-2720 | 1.5000} 1.00 | 3.0000 | 0.9375] % ¥% 758T-752 3.3750 | 1.00 | 6.3750 | 1.8750] % 
3490T-3420 1.5000 | 1.00 | 3.1250] 1.1563 | % \% 764T-752 3.6250 | 1.00 | 6.3750 | 1.8750 | % 4 
3381T-3320 1.5000 | 1.00 | 3.1562] 1.1563] % 74 - 52398T-52618 | 3.9838 | 9°0’ | 6.1875 | 1.4375 1 
415T-414 1.5000 | 1.00 | 3.4843 | 1.0625) 14 lg 780T-772 4.0000 | 1.50 | 7.1250 | 1.8750 | % ¥% 
26879T-—26820 | 1.5495] 1.00 | 3.1562] 1.0000} 1 % 
11156T-11315 | 1.5625] 1.00 | 3.1495|0.7090| 1} iy 
3382T-3320 | 1.5625] 1.00 | 3.1562 | 1.1563] % % 
3575T-3525 | 1.5625 | 1.00 | 3.4375 |1.1875| % ¥% 
422T-414 1.5625 | 1.00 | 3.4843 | 1.0625] %% le 
3384T-3320 | 1.6250] 1.00 | 3.1562] 1.1563] 1% % 
419T-414 1.6250 | 1.00 | 3.4843 | 1.0625 | 2 ig 
439T—432 1.6250 | 1.00 | 3.7500 | 1.0938 | } % 
3578T-3525 | 1.7500 | 1.00 | 3.4375 | 1.1875| % % 


Bearing Bearing 
No. No. 
A2047-A2126B 537-532B 
A4050-A4138B 619-612B 
A6062-A6157B 387A-382B 
05075-05185B 390-394AB 
21075-21212B 39250-39412B 
1380-1328B 29585-29520B 
1755-1729B 3982-3920B 
07093-07204B 559-552B 
1986-1931B 6382-6320B 
23100—23256B 639-632B 
41100-41286B 480-472B 
2689-2631B 566-563B 
17118-17244B 6484-6420B 
26118-26283B 29685-29620B 
3191-3120B 34301-34481B 
08125-08231B 575-572B 
02475-02420B 748S-742B 
14125A-14276B 659-652B 
2582-2523B 47681—47620B 
3478-3420B 496-493B 
19138-19283B 757-752B 
16143-16284B 842-832B 
28151-28315B 598-592B 
3381-3320B 683-672B 
44150-44348B 77375-77675B 
26881-26822B 52387-52637B § 
344-332B 780-772B ; 
3577-3525B 861-854B f 
447-432B 
355X-354B 
‘ 
53177-53387B 
369A-362B 
18200-18337B 
3780-3720B : 
529X-522B P 


455S 453B 


ee 


-Cone Radi, 
(See Table 23.) 


TABLE. 23—TAPER ROLLER BEARINGS—TYPE TDI 


TAPER ROLLER BEARINGS 


“Cone Rad 


(See Table 24.) 


597 


Bearing Outside | Bearing | Cone Bearing Outside | Bearing Cup 
j No. Diam. No. Diam. | Width Rad. 
j 17116D-17244 2.4410 95451D-95925 9.2500 % 
| 14126D-14276 2.7170 EE116048-116098 9.8750 % 
| 14134D-14276 2.7170 : 
=] 19145D-19283 2.8345 95474D-95925 9.2500 % 
,| 19152D-19283 2.8345 EE153047-153100 10.0000 A 
| 13169D-13318 3.1875 EE153048-153100 10.0000 4 
4 97500D-97900 9.0000 % 
| 358D-354A 3.3464 95499D-95925 9.2500 A 
| 13176D-13318 3.1875 BE153053-153100 10.0000 A 
13182D-13318 3.1875 
376DE-372A 3.8125 EE540501-541162 11.6250 
378DE-372A 3.8125 EE455050-455116 11.6250 
875D-372A 3.8125 74512D-74850 8.5000 
73512D-73875 8.7500 
78216D-78551 5.5130 67390D-67320 8.0000 
399D-394A 4.3307 BE455052-455116 11.6250 4 
78251D-78551 5.5130 
765D-752 6.3750 BE450531-451250 12.5000 1% 
496D-493 EE455053-455116 4% 
581D-572 73550D-73875 % 
BE455048-455116 V4 
498D-493 BE450550-451250 114, 
767D-752 EE92558D-92988 % 
865D-854 
42362D-42584 ) || BE517056-517117 11.7500 ¥% 
867D-854 EE517057-517117 11.7500 Y% 
52388D-52618 ee reP-81962 19:8250 iy 
450575-451250 2.5000 1g, 
so Big ae op i 
1601D-81 .295 
868D-854 ogre “ 
945D-932 99603D-99100 10.0000 % 
782D-772 BE517061-517117 11.7500 ¥% 
71426D-71750 EE450600-451250 12.5000 11g 
946D-932 
95426D-95925 
71450D-71750 
938D-932 4.5000 
Bearing Outside | Bearing | Cone | Cup Outside | Bearing 
No. Bore Diam. Width | Rad. | Rad. No. Diam. || Width 
05075-05185D | 0.7500 | 1.8504 74 755-752D 6.3750 
17118-17245D | 1.1805 | 2.4410 Ye 1 496-493D 5.3750 
26118-26284D | 1.1805 | 2.8338 \% 581-572D 5.5115 
24118-24262D | 1.1875 | 2.6150 A 842-834D 6.7500 
15118-15251D | 1.1895 | 2.5000 %, le 598-592D 6.0000 
2580-2524D 1.2500 | 2.7500 le 683-672D 6.6250 
02877-02823D | 1.3750 | 3.0000 % 780-774D 7.1250 
3482-3424D 1.3750 | 3.2500 iy lo 861-854D 7.5000 
28150-28318D |} 1.5000 | 3.1510 A 936-932D 8.3750 
447-432D 1.6250 | 3.7500 % Vo 
22168-22325D | 1.6875 | 3.2500 .090 64450-64700D : 7.0000 
355-353D 1.7500 | 3.5480 3% y 4 ey 
369A-363D 1.8750 | 3.5433 U, i 7.7500 
3775-3729D | 2.0000 | 3.6718 lg 74500-74851D 8.5000 
455-452D 2.0000 | 4.2500 % 95500-95927D 9.2500 
537-533D 2.0000 | 4.3750 9 
387-384D 2.2500 | 3.9370 % le 82550-82932D 9.3125 
395-394D 2.5000 | 4.3307 % 1E750558-751204 12.0000 
81575-81963D 9.6250 
559-552D 2.5000 | 4.8750 99575-99102D 10.0000 
639-632D 2.5000 | 5.3750 EE450601-451215 12.1250 
480-472D 2.6875 | 4.7244 
566-563D 2.7500 | 5.0000 
659-654D 3.0000 | 6.0000 


748S-742D : 125 


TAPER ROLLER BEARINGS 


Cup Rady “38 


“ld, 
a 
= 


(See Table 25.) 


TABLE 25—TAPER ROLLER BEARINGS—TYPE TNA 


Outside | Bearing | Cone | Cup | 


Bearing Bearing Outside | Bearing | Cone} Cu 
No. Bore | ‘Diam. | Width | Rad. | Rad. No. Bote | ‘Diam. | Width | Rad. | Rad. 
NA05075-05185D | 0.7500 1.8504 | 1.2500 3 “% NA71450-71751D | 4.5000 7.5000 | 4.1875 % Vig 
NA17098-17245D | 0.9835. 2.4410 | 1.5625 VY Wa NA938-932D 4.5000 8.3750 | 5.6250 %, A 
NA26118-26284D | 1.1805 2.8338 | 1.6835 UG Ye NA798-792D 5.0000 8.1250 | 4.2500 %, vA 
NA28138-28318D | 1.3770 3.1510 | 1.8125 Y“~% Ve NA95500-95927D | 5.0000 9.2500 | 5.6250 % “% 
NA357-353D 1.5748 3.5480 | 2.0000 \% Ve NA74525-74851D | 5.2500 8.5000 | 4.1875 My Ye 
NA22171-22325D | 1.7188 3.2500 | 1.7500 | .090 va NA48390-48320D | 5.3750 7.5000 | 3.3750 % 3 
NA438-432D 1.7500 3.7500 | 2.4375 % % NA81550-81963D | 5.5000 9.6250 42500 % WG 
NA366-363D 1.9685 3.5433 | 1.9688 % A NA82576-82932D—|-5.7500 | ~ 9.3125 | 5.1875 °G V6 
NA3780-3729D 2.0000 3.6718 | 2.5625 UG le NA82587-82932D | 5.8750 9.3125 | 5.1875 Ue 4% 
NA455-452D 2.0000 4.2500 | 2.5625 iy) le NA81600-81963D .| 6.0000 9.6250 | 4.2500 Ve Ve 
NA539-533D 2.1250 4.3750 | 3.1250 9 A NA99600-99102D | 6.0000 | 10.0000 | 5.6250 %G Y% 
NA385-384D 2.1653 3.9370 | 2.0625 A YM NA94650-94114D | 6.5000 | 11.3750 | 5.6250 % Ye 
jNA397-394D 2.3622 4.3307 | 2.0625 xf V@ NAG7787-67720D | 6.8750 9.7500 | 4.0625 U% Y@ 
NA476-472D 2.3622 4.7244 | 2.5625 wh i“ NA67790-67720D | 7.0000 9.7500 | 4.0625 % “% 
NA558-552D 2.3750 4.8750 | 3.1250 % V6 NA87700-87112D | 7.0000 | 11.1250 | 4.2500 % fs 
’ | 
TABLE 26—TAPER ROLLER BEARING TOLERANCE SPECIFICATIONS 
or Tolerances 
Dimensions, 
In. No. 0 No. 3 No. 2 No. 4C No. 4B 
Bore Up to 2% +.0005 to —.0 +.0005 to —.0 +.0005 to —.0 +.0005 to —.0 +.0005 to —.0 
2% to 12 +.0005 to —.0 +.0005 to —.0 +.001 to —.0 +.001 +.001 to —.0 
Outside Diameter Up to 12 +.0005 to —.0 +.0005 to —.0 +.001 to —.0 +.001 i +.001 to —.0 
12 to 24 ts +.001 to --.0 aiahe! +.002 B +.002 to —.0 
Width All +008 +.008 +.008 to —.0 | +.003 d +.014 to —.010 
Radii All +4% to —.0 +44 to-0 | +4% to-—0 | +%4 1 +% to —.0 
Assembly Run-out All -00015 .0003 -0015 .002 
Cup Rach», 
. o# Gus 7 
Width 


“Cone Rad 


TABLE 27—TAPER ROLLER BEARINGS— 


TYPE TNAS 
i 

Bearing Outside | Bearing | Cone | Cup 

No. Bore Diam. Width | Rad. ad. 
NA21075-21226D 0.7500 2.2500 | 1.9375 lé 1 
NA41125-41294D 1.1250 2.9375 | 2.1875 g iy 
NA43131-43319D 1.3125 3.1875 | 2.1875 % le 
NA44156—-44363D 1.5625 3.6250 | 2.1875 g le 
NA44163-44363D 1.6250 3.6250 | 2.1875 l% % 
NA53176—53376D 1.7500 3.7500 | 2.5625 3% % 
NA55200-55444D 2.0000 4.4375 | 2.5625 3 i 
NA66212-66462D 2.1250 4.6250 | 2.8750 % % 
NA72212-72488D 2.1250 4.8750 | 3.0625 x \%G 
NA78250-78549D | 2.5000 5.5000 | 3.0625 % | 4% 
NA9378-9320D" 3.0000 7.0000 | 4.3125 % % 
NA98350-98789D 3.5000 7.8750 | 4.5625 % % 


TABLE 28—TAPER ROLLER BEARINGS— 


TYPE TDOS 

Bearing Outside | Bearing | Cone | Cup 

No. Bore Diam. | Width | Rad. | Rad. 
21075-21226D 0.7500 2.2500 | 1.9375 % % 
41100—41294D 1.0000 2.9375 | 2.1875 % “% 
43125-43319D | 1.2500 | 3.1875 | 2.1875 | 1} “Gy 
44150-44363D 1.5000 3.6250 | 2.1875 % \% 
53176-53376D 1.7500 3.7500 | 2.5625 3% % 
55200-55444D 2.0000 ‘44375 | 2.5625 % \% 
72200-72488D 2.0000 4.8750 | 3.0625 fi % 
66212-66462D 2.1250 4.6250 | 2.8750 ¥ % 
78250-78549D 2.5000 5.5000 | 3.0625 % VG 
9385-9320D 3.3125 7.0000 | 4.3125 % % 
98335-98789D 3.3465 7.8750 | 4.5625 % % 


ee ree 
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| Ball Thrust Bearings SAE Standard 


sie of Ball and Roller Bearings Division approved August 1918 and last revised by Ball and Roller Bearings Technical Committee January 


Ys 


| 
| 
| | TABLE 29—ONE-DIRECTION (METRIC) BALL THRUST BEARINGS, TYPE TA 
; Small Bore Large Bore Outside 4 
4 Diam., Nom. Diam., Min. Diam., Nom. Height, Nom. Fillet 
4] Bearing Number Rad. R} 
| ‘Type TA In. 
| Mm In. 
ia Light Series 
10TAO25 10 0. .2 1.0236 .02 
tf 12TAO025 12 0. aD 1.1024 02 
| 5TAO25 15 OF 2 1.2205 .02 
5 8TAO25 18 0. 2 1.3780 .02 
| 20TAO25 20 0. .2 1.4567 .02 
25TAO25 25 0. 2 1.7717 .02 
30TAO25 30 1. .2 1.9685 .02 
35TAO25 35 1. 2 2.1654 .02 
40TAO25 40 1. .2 2.3622 .02 
45TAO25 45 BS .2 2.6772 02 
50TAO25 50 1. .2 2.9134 202 
55TAO25 55 2. .2 3.0709 .02 
60TAO25 60 2. 2 3.2284 .02 
65TAO25 65 2e 2 3.5433 .02 
7OTAO25 70 2. 12 3.7402 .02 
75TAO25 1053 2. 52 3.9370 .02 
80TAO25 80 3. 2 4.3307 -02 
85TAO25 85 3. .2 4.5276 .02 
90TAI1 90 3. .2 : 4.7244 .02 
95TAO25 95 3. 2 : 5.1181 .02 
100TA11 100 3. .2 7 5.3150 .02 
105TAO25 105 4. .2 z 5.5118 .02 
110TA11 110 4. 2 5.7087 -02 
115TAO25 115 4. 2 F 5.9055 02 
120TAO25 120 4, 2 4.7323 6.2992 02 
125TAO25 125] .4. 2 4.9292 6.4961 .02 
Medium Series 4 
10TAO26 10 0.3937 10.2 0.4016 1.1811 02 
15TAO26 15 0.5906 15.2 0.5985 1.3780 .02 
20TA12 20 0.7874 20.2 0.7953 1.5748 .02 
25TAO26 25 0.9843 25.2 0.9922 1.8898 .02 
30TAO26 30 1.1811 30.2 1.1890 2.0866 .02 
35TA12 35 1.3780 35.2 1.3859 2.4409 02. 
40TAO26 40 1.5748 40.2 1.5827 2.5197 .02 
45TAO26 45 1.7717 45.2 1.7796 2.8740 .02 
50TA12 50 1.9685 50.2 1.9764 3.0709 .02 
55TAO026 55 2.1654 55.2 2.1733 3.4646 .02 
60TAO26 ~~ 60 2.3622 60.2 2.3701 3.5433 .02 
65TA12 65 2.5591 65.2 2.5670 3.9370 04 
70TAO26 70 2.7559 70.2 2.7638 4.0551 04 
T5TAI2 m5 2.9528 75.2 2.9607 4.3307 04 
80TAO26 80 3.1496 80.2 3.1575 4.5276 04 
85TAO26 85 3.3465 85.2 3.3544 4.9213 04 
90TAO26 90 3.5433 90.2 3.5512 5.3150 04 
95TAO26 95 | 3.7402 95.2 3.7481 5.5118 .04 
100TA026 100 | 3.9370 100.2 3.9449 5.9055 .04 
105TAO26 105 4.1339 105.2 4.1418 6.1024 04 
115TAO26 115 4.5276 .2 : 6.4961 .04 
125TAO26 125 4.9213 .2 6.8898 04 
140TA026 140 | 5.5118 , 7.8740 .04 


1The corner radius or chamfer on bearings must clear the maximum fillet radius given in the table, 
This specification does not control bearing corner contours. 


(Continued on next page.) 
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TABLE 30a—ONE-DIRECTION (INCH) BALL THRUST BEARINGS, TYPE TB 
Extra Light Series—Bores of both rings are the same. 


Bearing Number 


Type TB 


8TBO30 
9TBO30 
10TBO30 
11TBO30 
12TBO30 
13TBO30 


14TBO30 
15TBO30 
16TBO30 
17TBO30 
18TBO30 
19TBO30 


31TBO30 


32TBO30 
33TBO30 
34TBO30 
35TBO30 
36TBO30 
37TBO30 


38TBO30 
39TBO30 
40TBO30 
41TBO30 
42TBO30 
43TBO30 


44TBO30 
45TBO30 
46TBO30 
47TBO30 
48TBO30 
52TBO30 
56TBO30 


1 
1 
1 
1 
1 
1 
1 
1 
1 


BALL THRUST BEARINGS 


Type TB 


8TBO32 
9TBO32 
10TBO32 
11TBO32 
12TBO32 
13TBO32 


14TBO32 
15TBO32 
16TBO32 
17TBO32 
18TBO32 
19TBO32 


20TBO32 


31TBO32 
32TBO32 


37TBO32 


38TBO32 
39TBO32 
40TBO32 
41TBO32 
42TBO32 
43TBO32 


1 The corner radius or chamfer on bearings must clear the maximum fillet radius given in the tables. 


This specification does not control bearing corner contours. 


TABLE 30b—ONE-DIRECTION (INCH) BALL THRUST BEARINGS, TYPE TB 
Medium Series—Bores of both rings are the same. 


30TBO32 


Outside 
Diam.., In. Diam., In, 
ominal Nominal 
% 1% 
% 1% 
% 1% 
1% 1% 
4% 11% 
1% 11%6 
% 14%, 
15% 115% 
1 2% 
1% 26 
1% 25% 
13% 24% 
1% 2% 
1% 25% 
1% 2% 
1% 2% 
1% 2% 
1% 2% 
15% 213%, 
11% 2136 
1% ~~ 21% 
L7G 21%6 
1% 3% 
11% 3% 
2 33% 
26 35% 
2% 3% 
23% 3% 
2% 3% 
2% 36 
234 3% 
2g 3% 
2% 4 
2% 4 
25% 4% 
21% 4% 


1 The corner radius or chamfer on bearings must clear the maximum fillet radius given in the tables. This 
specification does not control bearing corner contours. 
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Helical Compression Springs 
Hot-Coiled for General Automotive Use 


SAE Recommended Practice 


Report of Spring Technical Committee approved September 1949 and last revised October 1950. 


[The following Recommended Practice deals with hot-coiled springs 
made from round steel bars of 3£-in. or larger diameter. The ends 
of such springs are closed and squared, the bar ends being usually 
forged or taper rolled. The Recommended Practice furnishes a sys- 
tem of dimensional tolerances which serves to inform the user of 
practical manufacturer limits. Closer tolerances are obtainable 
where the accuracy 1s required and the increased cost 1s justified. 


| Helical springs for motor vehicle suspension are covered in a 


separate Recommended Practice.] 


Definitions—AlIl spring heights are measured after the spring 
has been deflected to its solid height to remove temporary re- 
covery of free height. 

Solid height is the perpendicular distance between the plates 
of the testing machine when the spring is compressed with an 
applied load sufficient to bring all coils in contact. However, in 
no case shall the applied load exceed by more than 50% the load 
beyond which no appreciable deflection takes place. 

Free height is determined by placing a straightedge across the 
top of the spring and measuring the perpendicular distance from 
the plate on which the spring stands to the straightedge at the 
approximate center of the spring. 

Loaded height is the perpendicular distance between the plates 
of the testing machine when the specified load has been applied. 

Load is the force in pounds measured on the testing machine 
required to deflect the spring to the specified loaded height. 

Rate, where considered important, is the average load per inch 
deflection, taken between approximately 20 and 60% of total 
deflection, unless otherwise defined. 

Nominal solid load is the product of rate and total deflection. 
As it is the theoretical maximum load, it may be used for com- 
puting the corresponding stress. The solid load obtained by test 
should not be used in calculations, as it is usually different from 
the nominal figure. 

Permanent set is the loss of free height after the spring has been 
compressed solid three times with the applied load specified under 
solid height determination, measured at the same point and in 
the same manner. 


Tolerances 


Diameter of Bar Stock—Tolerances for diameters of bar stock 
are given in Table 1. 


TABLE 1—Tolerances for Diameter of Bar Stock 


BAR DIAMETER, IN. TOLERANCE, IN., PLUS OR MINUS 
Over %¢ to %¢ inclusive........... 0.006 
Over (6 to 5¢ inclusive............. 0.007 
Over 54 to % inclusive............. 0.008 
Over % to 1 inclusive.............. 0.009 
Over 1 to 1% inclusive............. 0.010 
Over 1% to 114 inclusive........... 0.011 
Over 114 to 13g inclusive.......-<.. 0.012 
Over 13 to 1% inclusive........... 0.014 
Over 114 to 2 inclusive............. 0.016 


Coil Diameter—Tolerances for coil diameters are given in 
Table 2. 


TABLE 2—Tolerances for Coil Diameters 


INSIDE OR OUTSIDE DIAMETER TOLERANCE, IN., 
PLUS OR MINUS 


FOR SPECIFIED OR COMPUTED OUTSIDE 


For fee spring height 
DIAMETER, IN. Pease 


Up to 10| Over 10 | Over 18 | Over 26] Over 34 
inclu- | to 18 to 26 to 34 to 42 


sive incl. incl. incl. incl. 
UpytoiGninchusives 25. 4725. .-- Ye| %2| 50| Ke 
Over 6 to 8 inclusive.......... 340 | 3%i6| A 
Over 8 to 12 inclusive......... K 36 | UY 4 4 


Free Height—Ilf load is specified, free height should read “ap- 
proximate” only, and not be restricted by any tolerance. 

If load is not specified: free height tolerance = +(14¢ in. + 
4% of total deflection) 

Loaded Height—Variation in loaded height with load fixed is: 
Loaded height tolerance = +(1%.¢ in. + 3% of total deflection) 

Variation in load with loaded height fixed is: Load tolerance = 
+(%.6 in. + 3% of total deflection) x rate 

The foregoing height tolerances are limited to springs with 
free height not over 36 in., not over six times total deflection, 
and not less than 0.8 times outside diameter. Tolerances for 
springs outside these limits are considered special. 

Solid Height and Total Number of Coils—Maximum solid height 
(as tested) or nominal solid height (as computed) may be speci- 
fied on the drawing. Nominal solid height is computed as total 
number of coils minus one half coil, multiplied by wire diameter. 

The total number of coils shall not vary more than 5% from 
the number specified or indicated by the formula in the pre- 
ceding sentence. 

When nominal solid height is specified, the tolerances given in 
Table 3 apply. 


TABLE 3—Mazximum Solid Height above Nominal Solid Height 


NOMINAL SOLID HEIGHT, IN. MAXIMUM SOLID HEIGHT ABOVE NOMINAL 


HEIGHT, IN. 
Wipatorimanclusivetsn..aee sss) os: Ye 
Over 7 to 10 inclusive........... 340 


Over 10 to 18 inclusive.......... X% 


Over 13 to 16 inclusive.......... 540 
Over 16 to 19 inclusive.......... 346 
Over 19 to 22 inclusive.......... leo 
Over 22 to 25 inclusive.......... 4 


Uniformity of Pitch—The pitch of the coils shall be sufficiently 
uniform so that when the spring is compressed, unsupported 
laterally, to a height representing a deflection of 80% of the 
nominal total deflection, none of the coils shall be in contact 
with another, excluding the inactive end coils. 

When the design of the spring is such that it cannot be com- 
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pressed to solid height without lateral support, the above re- 
quirement does not apply. 

Permanent Set—Permanent set shall not exceed 14, in. + 14% 
of total deflection. 

Squareness of Ends—The ends of the bar shall be tapered to 
give the finished spring a reasonably firm bearing. The tip of 
the tapered bar shall be in approximate contact with the adjacent 
coil and shall not protrude more than }¢ in. beyond the outside 
diameter of the spring. 

Unless otherwise specified, the ends of any spring having an 
outside diameter to bar diameter ratio of 4 or more, and a free 


Helical Compression and Extension Springs 


Cold-Coiled for General Automotive Use 


height to outside diameter ratio of 4 or less, shall not deviate 
more than 3 deg from the perpendicular to the spring axis, as 
determined by standing the spring on its end and measuring the 
angular deviation of the outer helix from a perpendicular to the 
plate on which the spring is standing. 

When stipulated, the end bearing surfaces of the springs shall 
be ground to produce a firm bearing. The actual ground bearing 
surface shall not be shorter than two-thirds of the mean coil 
circumference, nor narrower than half the width of the hot- 
tapered surface of the bar. 


SAE Recommended Practice 


Report of Spring Technical Committee approved September 1949. 


[The following recommended practice deals with cold-coiled 
springs made from round steel wire of 3g in. or smaller diameter. 
It furnishes a system of dimensional tolerances for springs of 
average quality as used for the majority of automotive applications. 
Springs can be made to closer tolerances at an increased cost; valve 
springs are a typical example. Again, springs can be made cheaper 
by omitting some tolerances.] 


Tolerances 


Coil Diameter—Coil diameter tolerances can be specified on 
either the inside diameter or the outside diameter of the coils, 
depending upon the importance of the respective dimensions to 
the user. The tolerances to apply are functions of the ratio of 
mean diameter D of the coils to wire diameter d as given in 
Table 1. The tolerances are to be considered as manufacturing 


TABLE 1—Coil Diameter Tolerances 


DIAMETER TOLERANCE, IN., PLUS OR MINUS 


MEAN COIL DIAMETER, IN. For D/d ratio 


3 to 7.9 8 to 15 
Te OP esha waecn cp Settee 0.003 0.004 
Over 4 to 4 inclusive.......... 0.004 0.006 
Over 4 to  inclusive.......... 0.006 0.010 
Over 44 to 1 inclusive........... 0.010 0.016 
Over 1 to 2 inclusive..... i as 0.016 0.025 
Over 2 to 4 inclusive............ 0.025 0.042 
Over 4 to 8 inclusive............ 0.042 0.063 


tolerances and do not take into account the effects of changes i 
diameter due to applied loads. 

Free Length—When load with tolerance is not specified, it is 
advisable to specify the free length with tolerance. In the case 
of compression springs the free length is an overall dimension 
measured parallel to the axis of the spring; for extension springs 
the free length refers to the length inside to inside of the hooks 
(overall length minus two wire thicknesses). The tolerances to 
apply are functions of the ratio of mean diameter D of the coils 
to wire diameter d as given in Table 2. 

These tolerances apply to compression springs and to open- 
coiled extension springs. For close-coiled extension springs with 
initial tension, the free-length tolerance is half of the value given 
in the right-hand column, regardless of D/d ratio. 

Solid Height—If the spring is to be compressed nearly solid, 


TABLE 2—Free Length Tolerances 
TOLERANCE, IN., PLUS OR MINUS 


FREE LENGTH, IN. For D/d ratio 


3 to 7.9 8 to 15 
34 08 1e8s cee oho a eae 0.025 0.040 
Over % to 1 inclusive......... ; 0.035 0.060 
Over 1 to 2 inclusive............ 0.050 0.080 
Over 2 to 4 inclusive........... 0.080 0.12 
Over 4 to 8 inclusive........... 0.12 0.19 
Over 8 to 16 inclusive.......... 0.22 0.30 


Over 16 to 32 inclusive.......... 0.35 0.45 


Ta 


/ 


/ 


HELICAL COMPRESSION AND EXTENSION SPRINGS. COLD-COILED FOR GENERAL AUTOMOTIVE USE 603 


the solid height should be specified as a maximum dimension 
without tolerance. 

Wire Diameter—Table 3 gives the tolerances for the various 
types of wire. | 

Load and Rate—Table 4 gives load and rate tolerances. 


TABLE 3—Wire Diameter Tolerances 


TOLERANCE, IN., 


WIRE DIAMETER, IN. PLUS OR MINUS 


TYPE OF WIRE 


Music wire. ...:.......- up to 0.026 inclusive 0.0003 
‘ 0.027 to 0.063 inclusive 0.0005 
| 0.064 to 0.250 inclusive 0.001 
Carbon steel wire | up to 0.075 inclusive 0.001 
hard drawn or oil | 0.076 to 0.375 inclusive 0.002 
tempered 0.376 and larger 0.003 
Valve - spring quality | up to 0.148 inclusive 0.001 
alloy steel wire 0.149 to 0.177 inclusive 0.0015 
0.178 to 0.375 inclusive 0.002 
0.376 and larger 0.003 


Helical Springs 
for Motor-Vehicle Suspension 


TABLE 4—Load and Rate* Tolerances 


RATE TOLERANCE, %, 
PLUS OR MINUS 


LOAD TOLERANCE, %, 


NUMBER OF ACTIVE COILS PLUS OR MINUS 


3) oBbleseiseiy xls qiead haan 15 10 
Over 3 to 9 inclusive. . 10 8 
Over 9 to 15inclusive..| 8 6 
Oven be er oes: hn on tl 5 


® The rate shall be determined between 20 and 60% of the total deflection obtained 
without exceeding the elastic limit of the spring. 


Number of Coils—In order to meet the requirements on load, 
rate, free length, solid height, and position of end hooks, it ‘is 
often necessary to vary the number of coils by +10% for exten- 
sion springs and by +5% for compression springs. Therefore, 
the number of coils should be specified as an approximate figure 
for reference only. 

Squareness of Ends—The squareness of the ends of squared 
and ground compression springs as measured in the unloaded 
position is to be maintained within a limit of 3 deg with the axis 
of the spring. 


SAE Recommended Practice 


Report of Passenger Car Division approved January 1938 and last revised by Spring Technical Committee February 1948. 


(This Recommended Practice deals with helical compression 
springs made from alloy steel bars which are coiled hot and are 
heat-treated after coiling. 

. The scope of this Recommended Practice 1s restricted to a concise 
presentation of items which will promote an adequate understand- 
ing between spring maker and spring user of the major practical 


requirements in the finished spring.] 


Bar Tolerances and Surface Treatment—The bars required 
for these springs are usually 14 to 7% in. in diameter. It is cus- 
tomary to specify the diameter as the decimal dimension which 
works out most advantageously for purposes of design. The bars 
are either centerless ground (diameter tolerance +0.002 in.) or 
precision hot rolled (diameter tolerance +0.004 in.). 

The bars are commonly purchased in the exact length required 
to produce one spring. The lengths vary in practice from 10 to 
15 ft and are subject to a tolerance of +} in. 

After heat-treatment, but before presetting, the springs are 
shot peened in a manner to assure adequate shot impingement 
intensity and coverage for optimum fatigue life. In order to re- 


tard corrosion, it is customary to apply an enamel finish to the 
springs. 

Coil Diameters and Tolerances—For purposes of dimensional 
control it is customary to specify the coil diameters of these 
springs in terms of the inside diameter. In general, the inside 
diameters vary from 3 to 6 in., and tolerances to apply are 
+4, in. for springs up to and including 414 in. inside diameter, 
and +3, in. for springs above 414 in. inside diameter. 

Types of Spring Ends—Three types of ends are used: 

1. A flat end formed from a tapered bar end. Grinding of the 
outboard bearing surface is not required if the tapering and 
coiling are performed properly. 

2. An untapered end coil formed substantially smaller in 
diameter than the central coils of the spring and in such fashion 
to have an outboard bearing surface perpendicular to the axis of 
the helix of the spring, the so-called ‘‘pig-tail” end. 

3. An untapered end coil formed as a helix having a pitch sub- 
stantially equal to the bar diameter. To facilitate coiling, a 
straight end portion about 1 in. long is permitted to project 
tangent to the helix of this end construction, the so-called 
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‘“tangent-tail” end. The use of this type of end requires a spring 
seat formed at the same pitch of helix as that of the spring end. 

It is customary for springs to have any combination of the 
three types of ends except that of two tangent-tail ends, which 
combination involves a complex arrangement for the spring seats. 
Spring seats and ends are usually so formed as to render approxi- 
mately two-thirds to one coil inactive at each end. 

Definitions, Dimensions, and Tolerances—Load and rate are 
the terms usually employed to describe the capacity of a sus- 
pension coil spring. They are to be measured in terms of the 
forces exerted by the spring during compression of the spring 
(compression loads), and not during release of the spring (release 
loads). 

Load is the force in pounds measured on the testing machine 
required to deflect the spring to the specified loaded height. 
Existing tolerances are from +14, to +3(¢ of the nominal rate, 
depending upon the nature of the installation. 

Rate is half the difference between the loads measured 1 in. 
above and 1 in. below the specified loaded height. Tolerance is 
+3% with centerless-ground bars and +4% with precision- 
rolled bars. 

Spring heights are measured after preloading, as the distance 
parallel to the spring axis between two reference points specified 
on the spring drawing. 

Loaded height is the distance between the two reference points 
while the load is being measured. It is a fixed reference dimen- 
sion; tolerance is expressed in terms of load. 

Free height is the distance between the two reference points 


under no load. It is used as an approximate dimension only. - 


Solid height is the distance between the two reference points 
when the spring is compressed under a load corresponding to 


Leaf Springs 


for Motor-Vehicle Suspension 


approximately 150% of the load beyond which no appreciable 
deflection takes place. 

Preloading is the operation of deflecting the spring to the solid 
height to remove temporary recovery before the spring is checked 
for load or rate. If the spring is designed to preclude deflection to 
the solid height by reason of excessive stresses, the drawing may 
specify that the preloading be confined to deflecting the spring 
at least to the metal-to-metal position defined under ‘“‘Clearance.” 
After preloading and before load and rate checking, the spring 
shall be released to the free height. 

Clearance is the spring deflection possible in the vehicle from 
the specified loaded height to the spring height attained at the 
metal-to-metal contact position disregarding rubber bumpers. 

Spring Specifications—Spring drawings or specifications should 
regard the following items as mandatory requirements: 

Bar diameter and tolerance. 

Inside diameter and tolerance. 

Loaded height as a fixed reference dimension. 
Load and tolerance. 

Rate and tolerance. 

Type ends. 

Material. 

Hardness range. 

Surface treatment and finish. 

It is helpful to include in the specifications the following items 

for purposes of guidance: 
Approximate free height. 
Bar length and tolerance. 
Total number of coils. 
Height at metal-to-metal contact position. 
Solid height. 


SAE Standard 


Report of Springs Division approved August 1915 and last revised by Spring Technical Committee February 1948. 


[This SAE Standard is limited to a concise presentation of speci- 
fications which will promote an adequate understanding between 
spring maker and spring user on all practical requirements in the 
finished spring. Basic concepts of spring design are dealt with in 
SP-7, “Manual on Design and Application of Leaf Springs.” 
This SAE Standard refers readers to the Manual in many in- 
stances for more thorough explanations. The Manual is available 
from the SAE Special Publications Department. Price: $2.00 to 
members, 4.00 to nonmembers.| 


Leaf Sections—Round-edge flat spring steel has been adopted 
as the SAE standard. However, special leaf sections such as the 
grooved and the parabolic-edge sections are also in wide use. 
(See Section 7 of SAE “Manual on Design and Application of 


Leaf Springs.”) More detailed information may be obtained 
from the leaf-spring manufacturers or the vehicle manufacturers 
who use these special leaf sections. ; 

Leaf Sizes and Rolling Tolerances—Spring drawings shall 
call for steel of the following specified nominal thicknesses in 
inches, to which all bars shall be rolled: 


0.132 0.194 0.291 0.447 0.702 1.127 
0.145 0.214 0.323 0.499 0.788 1.273 
0.160 0.237 0.360 0.558 0.887 1.440 
0.176 0.262 0.401 0.625 0.999 


The bars shall be of flat rolled steel having two flat surfaces 
and two rounded (convex) edges. The flatness tolerance permits 
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TABLE 1—Desirable Cross-Section Tolerances 


© Maximum difference in thickness between the two edges of each bar. 


the two flat surfaces to be slightly concave. When that occurs, 
the radii of the arcs of the two concave surfaces shall be of ap- 
proximately equal lengths. 

The radii of the rounded edges shall be approximately equal 
to the thickness of the bar. 

Bars shall be substantially straight and free from lateral kinks, 
waves, twists, or other imperfections which render them unsatis- 
factory for spring manufacturing purposes. Maximum lateral 
curvature shall be not more than 14 in. in 20 ft. 

Definitions, Dimensions, and Tolerances—Leaf Spring—Lam- 
inated steel spring usually of semi-elliptic type, heat-treated 
after forming. The leaves are usually held together by a center 
bolt and are prevented from lateral shifting by clips. 

Datum Line—Reference line used with many of the subse- 
quently defined terms. On Fig. 1 it is shown as the line X—X. 
On springs with eyes, the datum line passes through the centers 
of the eyes. On other springs it passes through the points where 
the load is applied near the ends of the spring. These points must 
be indicated on the drawing. When load and rate are checked, 
the spring ends shall be free to move in the direction of the 
datum line. 

Loaded Length—Distance between spring eye centers when 
the spring is deflected to the specified load position. On springs 
without eyes, it is the distance between the lines where load is 
applied under the specified conditions. Tolerance, +1 in. 
Loaded Fixed End Length—Distance from the center of the 
‘fixed eye to the projection on the datum line of the point where 
the centerline of the center bolt intersects the spring surface in 
contact with the spring seat. Tolerance, +1/, in. 

Straight Length—Distance between spring eye centers when 
the main leaf is flat. Tolerance, +}¢ in. 

Seat Length—Portion of the spring rendered inactive through 
clamping and located on the side in direct contact with the spring 
seat on the vehicle. 

Clamp Length—Portion of the spring rendered inactive through 
clamping and located on the side opposite the spring seat. 

Seat Angle—Angle between the tangent to the center of the 
spring seat and the datum line. Tolerance, +14 deg. 

Nominal Width—Springs are commonly specified in the follow- 
ing widths: 134, 134, 2, 214, 234, 3, 34, 4, 5, and 6 in. 

Finished Width—Width to which the spring ends are finished 
to bring about flat bearing surfaces on the edges. Tolerance, 
+0.005 in. for widths up to and including 2 in., and +0.010 in. 
for widths exceeding 2 in. The required length of the finished 
edge (to allow free shackle movement or sliding movement) must 
be indicated. 


NOMINAL WIDTH, IN. WIDTH, IN. THICKNESS® TOLERANCE, IN. FLATNESS? TOLERANCE, IN. MAXIMUM DIFFERENCE® IN THICKNESS, IN. 
For thickness For thickness For thickness 
To and in- . 
Over : Minus 0 Over 0.375 to | Over 0.875 to 
cluding der | Over 0.375 to | Over 0.875 to | 9-375 oF under | 9 375 inclusi inclusi , 
Fae eae LO Meta 500 Bel 935 or undar| Ove SAPS to | Ove OTS 18 
Plus 0 Plus 0 

0 2446 +0 .030 +0 .004 +0 .006 = —0.004 —0.006 — 0.002 0.002 — 
216 4 +0.050 +0.005 +0 .008 +0.012 —0.005 —0.008 —0.012 0.003 0.004 0.006 
cs 5 +0.065 +0 .006 +0.010 +0.016 —0.006 —0.010 —0.016 0.003 0.005 0.008 
5 6 +0.080 — +0.012 +0.020 = —0.012 —0.220 = 0.006 0.010 


* Thickness measurements shall be taken at the edge of the bar where the flat surfaces intersect the rounded edge. 
Flatness represents the difference between the thickness at the center of the bar and the thickness at the edges. A minus tolerance indicates a concave cross-section. 


Thickness—Aggregate of the nominal thicknesses of all leaves 
at the center of the spring. The actual thickness may differ from 
this figure because of the rolling tolerances in the bars. 

Leaf Ends—The leaf ends used most generally are: 

Square as sheared. 

Trimmed to a shape. 

Taper rolled. 

Taper rolled; trimmed or forged to a shape or both. 

Finish—Finish refers to the surface condition of the leaves 
after heat-treatment. Surface condition is usually specified as 
one or more of the following: 

Leaves left in the same condition as they come from the 
heat-treating process. 

The sheared and trimmed edges of the leaves chamfered 
on their bearing sides. 

Leaves shot peened on the tension surface, (See Section 28 
of the SAE “Manual on Design and Application of Leaf 
Springs.’’) 

Leaf Numbers—(See Fig. 1.) Leaves are designated by num- 
bers, starting with the main leaf which is No. 1. The adjoining 
leaf is No. 2, and so on. If auxiliary or rebound leaves are used, 
the auxiliary adjoining the main leaf is Auxiliary Leaf No. 1, 
the next one Auxiliary No. 2, and so on. (Auxiliary leaves are on 
that side of the main leaf from which load is applied to the spring 
ends; away from the side from which load is applied to the spring 
center.) Helper springs are considered as separate units. 

Opening and Overall Height—(See Fig. 1.) Distance from the 
datum line to the point where the center bolt or cup center inter- 
sects the surface of the spring that is in contact with the spring 
seat. 

If the surface in contact with the seat is on the main leaf or an 
auxiliary leaf (which is characteristic of underslung springs), 
this distance is called opening. 

If the surface in contact with the seat is on the shortest leaf 
(which is characteristic of overslung springs), this distance is 
called overall height. 

Opening and overall height may be positive or negative (Fig. 1). 
They are fixed reference dimensions. Tolerance is expressed in 
terms of load (see Load and Rate). 

Clearance—Spring travel possible on the vehicle from the speci- 
fied load position to the metai-to-metal contact position, disre- 
garding rubber bumpers. 


Load and Rate 


Installation Effects—Load and rate are the terms usually em- 
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Load 


Positive 
Overall Height 


Spring Overslung) s 
4 — 


_ Positive Opening- 
(Spring Underslung) 


Negative Overall Height———, 


Load 


Auxiliary Leaf No./ 


Seat 
Angle 


Vy eipae Chaat No. t 
(Rebound Leaf) 


(Rebound Leat) 


Fig. 1—MEASUREMENT OF OPENING, OVERALL HricutT, AND Spat ANGLE 


ployed to describe the capacity of a leaf spring. As used here, 
they refer to measurements made on the unclamped spring 
mounted on carriages with rollers. 

When the spring is installed in the vehicle, the load and rate 
will be affected by the clamping of the spring and also by the 
type of end mounting used. (See Section 21 of SAE “Manual on 
Design and Application of Leaf Springs.”) 

Checking Method—To check for load and rate, the spring shall 
be supported on its ends and the measured load shall be applied 
downward at the seat. The weight of the spring itself then pro- 
duces a deflection, but it is not included in the measured load. 

The load shall be transmitted from the testing machine head 
to the shortest spring leaf through a standard SAE loading block, 
shown in Fig. 2. The loading block shall be centered over the 
center bolt with the legs of the V resting on the spring. 

Before the spring is checked for load or rate, it shall be de- 


Scribe line == 2— 


about 0.0/0” 
Deep 
I"Min. 


Spring Width _, 
es ; 


4"Span 


r More 


Fic. 2—Sprine Loaping Brock 


flected at least to the metal-to-metal position defined under 
Clearance in order to remove any temporary recovery. The 
spring shall then be released to the free position before the load | 
is applied for load and rate checking. 

Load and rate shall be measured in terms of the forces exerted 
by the spring during compression of the spring (compression 
loads) and not during release of the spring (release loads). The 
compression load in any position shall be read only after the 
spring has been thoroughly rapped in that position with a soft 
metal hammer. 

Load—(Rapped compression load) the force in pounds meas- 
ured on the testing machine, required to deflect the spring to the 
specified opening or overall height. Tolerance, +14 to +4 of 
the nominal rate, depending upon load, length, and rate. 

Rate—half the difference between the loads (rapped compres- 
sion loads) measured 1 in. above and 1 in. below the specified 
load position. Tolerance, +5% on light springs, and +7% on 
heavy springs (above 1000 lb per in. rate.) 

Specification Requirements—Minimum specification require- 
ments are given in Figs. 3, 4, and 5. 

Spring Eyes, Bushings, and Bearings—For some types of 
spring eyes, spring ends, bushings, and shackle constructions, 
see Figs. 12, 13, and 14 of SAE “Manual on Design and Applica- 
tion of Leaf Springs.” 

Diameter tolerances as measured with round plug gages are 
to be: 


Bushed eyesus ee te ee ee 0.005 in. total. 
Unbushed eyes. ree ek ae 0.010 in. total. 


Eyes of main leaves shall be parallel to each other, parallel to 
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Fig. 3—MInIMuUM SPECIFICATION REQUIREMENTS FOR UNDERSLUNG PASSENGER CAR SPRINGS 


| Spring shown under .... lb load Material: 4... .2.... 
Clearance, .... in. Hardness range, . 
| Rate, .... lb per in. Leaves No. .... shot peened 


Pa 
sa 
Loaded Length + 4° 


aN 
aean FEE igi lees 


oH 


Baan, ay Cae | DEST 
Thickness Aa Center Bolt Size 


eat Leng 
Opening 


Fig. 4—Minimum SprciFICATION REQUIREMENTS FOR SPRINGS WITH PLaIn ENpDS 


Spring shown under .... lb load Material: .......... 
Soe aaa es Hardness range, .. 
Rate, .... lb per in. Leaves No. .... shot peened 
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Fixed End 


Free End/ 


w 


Loaded Length +z 
7 " ° 
Width ¥ 


Finished Width 


Loaded Length 
Helper (1f Required) 
Sping : ne ZL2 
N N % : 4 N i otal Thickness 
WV hickness NS oe 
oan —— Finished. 
—_————ssS—Sas_esasa _ ES 
Yy_ (© ‘WN Y 
= tr 
I ay Ae [ES SE ET ——————— = 
aa Center Bo/t Size Overal! 
ickness Seat Length Height |. 
| Paria Gute Main Spring 
7 uh eo 4 4 op: WRAG 
_ 4 ’ _— 4. 
Fie. 5—Minimum SpPrEciFICATION REQUIREMENTS FOR OVERSLUNG COMMERCIAL VEHICLE SPRINGS 
Springs shown under .... lb load Rate of helper spring, .... lb per in. 
Helper to contact at .... lb load on main spring Materialer: sae cniccs, 
Clearance, .... in. Hardness range, .... 
Rate of main spring, .... lb per in. Leaves No. .... shot peened 


the surface of the spring seat, and square to the centerline of the 
main leaf within the following limits: 


+345 in. in 18 in. 
+3. in. in 18 in. 


Passenger car springs............ 
Commercial vehicle springs........ 


Alignment and Rebound Clips—Most automotive leaf springs 
are fitted with clips of some form which serve primarily to pre- 
vent sidewise spreading of the leaves (alignment clips). Only 
rarely is it their purpose to assist the main leaf on rebound (re- 
bound clips). 

When clips are used on passenger car springs equipped with 
spring covers, the clips must be of compact design to fit the clip 
pockets provided in such covers. 

Clips employed for passenger car springs show a great deal 
of variety in design, but commercial vehicle springs are generally 
equipped with either bolt-type or clinch-type clips. (See Fig. 24 
of SAE “Manual on Design and Application of Leaf Springs.’’) 
Dimensions must be chosen to suit the individual service re- 
quirement. 

Spring Center Bolts—The center bolt is required to hold the 
spring leaves together before installation and to act as a locating 
dowel during installation. The center bolt should not be de- 
pended upon to prevent the shifting of leaves due to driving and 
braking forces. 


Therefore, the physical properties of carbon-steel bolts are 
usually high enough to permit their use in passenger car springs. 
However, when center bolts are highly stressed in the handling 
of the springs and in service, particularly in the case of commer- 
cial vehicle springs, it may be necessary to use heat-treated bolts 
of high physical properties. Table 2 gives center bolt sizes for 
various spring widths. 

In special instances it will be permissible to deviate from the 
standard center bolt sizes. 

When passenger car springs are more than 214 in. wide, the 
bolt sizes listed in the first two columns of Table 2 will still be 
ample, particularly if the springs consist of only a few leaves. 

In the case of commercial vehicle springs with leaves thicker 


TABLE 2—Center Bolt Applications 


PASSENGER CARS COMMERCIAL VEHICLES 


Spring widths, in..| 114, 134, | 234, | 134 | 2, 244) 2h, 3 3 

2 216 and 
over 
Minimum center 


bolt: sizes 546-24 | 3¢-24 |54_-24| 34-24/74 6-20) 14-20 
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TABLE 3—Center Bolt and Nut Dimensions*® 


A Meat Cc D E one 
HEAD DIAM- HEAD NUT THICK- 
eae eas Fan aN ETER, IN. | HEIGHT, IN. | NESS, IN. care. on 
,IN. , IN. 
546-24 i 4% MY V4 a) 
38-24 ut %e 46 2Mea Ke 
6-20 1% % 38 3 8 
44-20 1% % Ye eG “4 


*Detail specifications for the threads on center bolts and in the nuts are given in 
the SAE Standard for Screw Threads, Table 10 for bolt threadsand Table 11 for threads 
in the nuts. All threads are American Standard Fine (NF) Series, Class 2 Fit. 


C hamfer, or Rounding 
of a to 3 


Er 


than 0.499 in. and wider than 314 in., it will be advisable to use 
bolts larger than those recommended in Table 2. 


Cup Center—Cup centers are provided for heavy-duty springs 
which may not safely depend alone on tight center clamps to 
prevent a shifting of the spring along the axle due to high driving 
and braking forces. Sometimes all the leaves are cupped, but the 


reversed cup center in the main leaf only has proved very effec- 
tive. (See Fig. 21 of SAE “Manual on Design and Application 
of Leaf Springs.”) It anchors the main leaf securely to the spring 
seat if the spring is underslung, and to the clamping pad if the 
spring is mounted above the axle, and thence through the clamp- 
ing bolts to the spring seat. 


TABLE 4—Center Cup Dimensions 


DIMENSIONS, IN. A B Cc D R 


Molerangemtcd ak. «awe. trees +0 | +44) +%4|) +0 | +64 
; Vell =O | =O 7) Sea, 0 


To be used [54 to 4 diam....| 2%2| 15/6| %| %e6l %2 
with center |%. to 34 diam....| 144 | 1%} %6| M&M] & 
bolts of 
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Automotive Tube Fittings SAE Standard 


Report of Carburetor Fittings Division approved June 1912 and last revised by Tube, Pipe, Hose, and Lubrication Fittings Technical Committee 
April 1951. 


Flared Type 


Details of contour are optional with the manufacturer.! Wrench flats are optional. The dimensions of the first figure in 
each group apply to all other figures in that group except as 
shorter than 8 fl iroedMicisams piposimesd bgt tues Rody we touarater CR | 
relieved shall not be shorter than L2 plus one turn (thread) full thread. See General Specifications following Table 12. 
Looe teed eg 
an Pe tulle eM + Dy 
KAKA r=) 


woruS a 


LEE) 
> 


Fig. 2A Fig. 2C 
~—~ Fig. 2—Elbows 
oe KW. 
zen a finn zai th 
F DTT YT it PTT Tn 
iat : Poa ee aT 
a M ath G, M 
A 
Dw ala. o. 2 — Fig. 3—Tees 
Fig. 3A Fig, 3B Fig. 3C 
TABLE 1—Dimensions of Connectors, Unions, Elbows, and Tees (Figs. 1A-3C) 
DRYSEAL TAPER STRAIGHT arte Diy emery 2) Gi, INT D D D E F 
TUBE OD +0.002 THREAD,® A THREAD, B ae Cc CONNECTOR L 2, MAX 
Min Max 
4% 43 346-24 0.2806 0. 2843 Ke %e %a 3a Yo Yea 1364 
He % 36-24 0.3430 0.3468 Ke He 4 % Yo 4 1% 4 
4 4% 46-20 0.3995 0.4037 Ke Ae He He Yo Yo lye 
He 43 44-20 0.4619 0.4662 4 He Yo Ye Yao 4 1340 
46 \y 4-20 0.4619 0.4662 Ke — io — 1llZ6 A 1340 
3 MY 54-18 0.5828 0.5875 % 146 %e %e lio | He 1% 
Ke M 1146-16 0.6407 0.6455 1Me 16 46 6 1¥eo | 3264 
4% 3 34-16 0.7029 0.7079 34 16 1362 | 18601) 1860 1 Meo 4M 
x% A 7-14 0.8216 0.8270 i% \% 4% Ke lio 34 
34 aA 146-14 1.0092 1.0145 li, 16 Ke 5¢ Ne 2340 13464 
% 34 14-12 1.1879 1.1941 1\% 1% 34 3% 34 564 1K 
1 1 13g-12 1.3127 1.3190 13g 1% 4 1% 1346 1546 1% 
bien GP H I JF | pra | EP eva | Lite | Lae | Maeve | a eyo | Wha | Mie” P Te.< 
4g 34 540 6 % 1564 2742 2340 20 % Me ak 146 He 3 
He 3 46 ¥% % 1% TAG 0 Pa per eedi 4 4 4 34 %e 3 
M % 36 4 % 1349 Wie | 13{6 | Bie y K% 4 4% Ae % 
6 3 Yeo 46 4 1% 132 | Ve | 1% DAG | AG) 34 He % 
He 6 Yo 6 He 1542 143) |) a ie |) 146. ee = a: 
36 %6 4 % Yo 3364 %g | 1 Ce Me | lhe % Me | Ae . 
Ae ‘46 %e Me 4 He 113g2 | ‘13g9) 1t3g0 1 14 1% 146 146 |) "ieee 
4% 6 He 34 4 % % 11346 | ier lige) Oden eg 1 1%6| He 
% M4 3 % %2 4a 23 OTe Ate 8 134 1% 4% 
34 34 P16. Newt %e 5364 2346 | 2He | 2 1% 16 1 1%{_ | 146 % 
K 34 a) 1g % Sia 236 234 24 134 1% lei We | 14 
1 1%6 Me | 3% 3l49 2% 21346 | 246.1 Ate | 2hie | 1546.) Viet zs 16 


* Dryseal American (National) Standard Taper Pipe Thread unless purchaser specifically authorizes use of SAE Short Dryseal Taper Pipe Thread. See SAE Standard for 
Dryseal Pipe Threads, General Specifications, and Tables 1 and 2. 
ais ng He Bort Sipe Thread, dimensions G, L, Lo, N, Ni and T may be reduced in accordance with reduction of pipe-thread length. See SAE Standard for Dryseal Pipe 
eads, Tables 3 and 4. 


° Tap-drill depths given require use of bottoming taps to produce standard full thread length. For increased tap clearance, see Internal Taper Pipe Threads in the General 
Specifications following Table 12. 
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Flared Type 


Nau 
c 4 2% 
G>| KA Chamfer_Optional 
Rad. 
Fic. 4—SAE Sranparp Fuarep-Tyre Nuts Ute \ i 2 ae R 
CD | -DEF 
\ y mabe Deg 
~~ B SLAG ee 
| Rad 0.050 t 8.268 
T +\~45° 
| 
| TABLE 2—Dimensions of Nuts for Connectors, Unions, Elbows, and Tees (Fig. 4) 
} | PITCH eres D L 
| Soe es een c S| cepa eae | areas T 
| Min Max Min | Max Long Short 
le 
| \y 546-24 | 0.2854 | 0.2902 | 34 0.130] 0.135] % 36 92 4% 2 4 % V2 
| Ke 34-24 | 0.3479 | 0.3528 | 7%, | 0.192! 0.197] 5% Ye 345 He | Wo 13g | 5% %e 
| Yy 16-20 | 0.4050 | 0.4104 | %e 0.255 | 0.260| 3% %6 \ A %o 146 4 Me 
i) 546 46-20 | 0.4675 | 0.4731 | 5 OL317 1 03221 Ke 5 4 56.|. Ke 1g K % 
3 54-18 | 0.5889 | 0.5949 | 34 0.380 | 0.385} % % A 3 3¢ Poni | Whe 
We 1146-16 | 0.6469 | 0.6531 13/6 | 0.442 | 0.447 Ke 13/6 yy Ke 1340 144 146 1349 
¥% 34-16 | 0.7094 | 0.7159 | 3% 0.505 | 0.510} 5% % ¥ % 154, | 156 14 149 
54 7-14 | 0.8286 | 0.8356 | 1%, | 0.630] 0.635| %% 1M%e ly 54 1% | 1% 15{g | 2%o 
3% 14/,-14 | 1.0161 | 1.0230] 1% 0.755 | 0.760] % 1% ly 34 146 2346 14 2560 
% 144 -12 | 1.1959 | 1.2039] 134 0.880 | 0.885] 1%, | 134 VA % Hie belOee. | 15g 2545 
1 13g -12 | 1.3209 | 1.3291 | 154 1.005 | 1.010 | 1346 15g 1 1g WANG 214 11346 | 1346 
Chamfer 


Fic. 5—REFRIGERATION AND Marine Fuarrep-Typr Nurs 


Viz 
thin 
S| \padl 0.050 28.25 


TABLE 3—Dimensions of Nuts for Connectors, Unions, Elbows, and Tees (F 1g. 6) 


op es wae) D x 
THREAD 
op) te eet c E eee ro ee r 
Min Max Min Max 

Ke 34-24 0.3479 0.3528 5 0.192 0.197 1345 3¢ Yo % %e 
YA YK 6-20 0.4050 0.4104 34 0.255 0.260 1545 Ke %o 1546 1149 
He 16-20 0.4675 0.4731 34 0.317 0.322 1545 Ke 546 1546 38 
%% 5£-18 0.5889 | 0.5949 % 0.380 0.385 1% yu 3 1K, Ye 
Ke 11, 6-16 0.6469 | ~ 0.6531 1 0.442 0.447 34 Xe 134, 16 1589 
yA 34-16 0.7094 | 0.7159 1 0.505 0.510 3% Ke 1545 1346 1% 
56 14-14 0.8286 0.8356 ibe 4 0.630 0.635 15/6 34 19% 1lKe 2Veo 
34 1K 6-14 1.0161 1.0230 13 0.755 0.760 14% 1 2345 1% 25% 
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Refrigeration and Marine Flared Type 


Details of contour are optional with the manufacturer.? Wrench flats are optional. The dimensions of the first figure in each group 
2 Minimum straight thread length where body is undercut or relieved shall not be apply to all other figures in that group except as shown otherwise. 
shorter than K full thread. Minimum pipe-thread length where body is undercut or S 18 A ’ d 
relieved shall not be shorter than Le plus one turn (thread) full thread. ee General Specifications following Table 12. 


, ANI AN 
7 A FAS FED, I _ fain 
[ecru omannaa | pedi 
CULM fltht fy Uhhh 
1G 452 G 
Fig. 6B alae 
Fig. 6—Connectors and Unions ye 
ae ae 
oN 
pam 4 6 |\|\\(I1 NINN AMM NA 
F E p Ea Mi i D, F ah i 
rr eG NW mo Mii) ‘ie qe 
Je B i 4 A { 
Kd dS m 
Dy la) 
Fig. 8A Fig. 8B 
Fig. 8—Tees 
TABLE 4—Dimensions of Connectors, Unions, Elbows, and Tees (Figs. 6A-8C) 
TUBE DRYSEAL STRAIGHT PITCH DIAMETER K, 
OD TAPER | (THREAD B) Ds, L> L M | M | W> |m>be h 
+0.002 ye Sa fs Deer feo Cc D Di et E F G>| i I J ious +142 fey? +42 Vag +e M42 Oe Tne 
Min Max ED, 
346 4% 34-24 |0.3430/0.3468) 76 |26 |26 |34e2 1962 |1% 41386 [346 | 36 16 | 1%4 | 1546) 1546] 34 | 34 | 34 | 34 | Me |3 
M 4 %e-20 |0.3995\0.4037| %6 |346 |36 |e |¥a 142/36 346 | 4 [952 | 1362 | 46 [13846 | %K | WK | KH | Me 1% 
He as 44-20 |0.4619|0.4662) 5g 742 |74e |%42 [24 |1350/86 [242 | Meo |26 | 1352 | 1342 |11240| 1546] 1546] 76 | 34 | Mo 136 
34 MM 58-18 |0.5828)0.5875) 34 932 )942 |1}42/546 |1242/%6 114 | 36 [42 | 2364 | 16 [16 |1 16 16 | % | 146\%eo 
As 4 146-16 |0.6407/0.6455) 1376/546 [546 |1342|1}42/22464\%6 [942 | UH6ld4 | Moe | 11%42/12Mollle [126 |1%6| 1546) 14 6\%o 
74 3% 34-16 |0.7029)0.7079| ¥g |1342/1342/1340/746 |4144\Me |e | 34 [24 | 56 15g |11376)13{6 |1%e2 |1346)1 1346\%e 
6 a) %-14 |0.8216)0.8270)1 4 1% Meo |1%42\384 [84 1386 | 1K |%e | 4a | 2 24 |\1%6 (16 ~WKel’ |1 4 
34 4% = |Ue-14 |1.0092)1.0145)1376 \%{6 |56 1% 6 |2342/15461384 [He |1 %e | 5364 | 2346 [246 |196 (156 » 11% 6/146 |1 4 


* Dryseal American (National) Standard Taper Pipe Thread unl h: i i i 
Dryscal Pipe Threads, General Specihestions, e : Aas on ae a ess purchaser specifically authorizes use of SAE Short Dryseal Taper Pipe Thread. See SAE Standard for 
iene. oN eee oe Thread, dimensions G, L, N, Ni and T may be reduced in accordance with reduction of pipe-thread length. See SAE Standard for Dryseal Pipe 


© Tap-drill i i i ‘ A a 
PO a ea Pa sc abt aig ad use of bottoming taps to produce standard full thread length. For increased tap clearance, see Internal Taper Pipe Threads in the General 


a 
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Ball-Sleeve (Compression) Type 


Details of contour are optional with the manufacturer.’ Wrench flats are optional. The dimensions of the first figure in 
each group apply to all other figures in that group except as 
3 Minimum straight thread length where body is undercut or relieved shall not be shown otherwise. 
shorter than J full thread. Minimum pipe-thread length where body is undercut or : : é 
relieved shall not be shorter than Le plus one turn (thread) full thread. See General Specifications following Table 12. 


ate ae oe 


Undlercut Optional 
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} | | Chamfer 
Fig. 9A 
| Fig. 9—Connectors and Unions Fig. 10A Fig. 10B Pig 10C 
Fig. 10—Elbows 
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Fig. LB 
Fig. 11—Tees 


TABLE 5—Dimensions of Connectors, Unions, Elbows, and Tees (Figs. 9A-11C) 


DRYSEAL PITCH DIAMETER 


Ez STRAIGHT us b b,c 
TAPER (THREAD B) G; E F, b : b Ly M My |) N2 Nxe 0; b,0 
freee THREAD,* | THREAD, C Juntons| ? | 40.002) max | | 7% | 7 | rom | KR DY | ye | ché2 | ¥40 | 42 | 4a] aan 2 


Min | Max 


4 % 56-24 |0.2806|0. 2843) 76 | 546 342 [0.134 |7%4o 1386 [552 114 «| 846 |846 | 2362 | 2242] 16) 96 [6 | Me] Meo [38 
Ke 4% 36-24 |0.3430|0.3468] %— | 36 [16 [0.195 |340 [36 846 [%e2 | Wo |o | 2342 | 34 | Mel 96 =| Me) Me) Mo 34 
M™ % 6-24 |0.4055|0.4093} %6 | He |e |0.260 \742 (36 [He ie | 4 14 | K 13/6] 146] 56 | 34 | Me] Me |28 
He % 4-24 |0.4678)0.4717| 14 Wye 1% (0.823 |1544/8¢ |846 |1142| %e |%e | 2%2 | 16 | M6] 56 | 34 =| Mol Mo |38 
He % 44-24 |0.4678|0.4717| %e — |% |0.823 |e |%e | — |1al %e |%e |1852 | — | — | Mel 27%2} —| — | — 
3% “% % 6-24 |0.5303|0.5342| %_ | %6 546 10.387 |1}42\%6 |%4e (86 | 546 |346 |1552 | 2352] 1346) 34 | 1346] 34 | 12461246 
Ke % 94-24 |0.5927/0.5967| 9¢ 5g |54q 10.451 |1142\%e6 [242 [1342] 1342 |1¥4all316 |1252 | 2260) 2242/1 34 | 1H6lMe 


DN 
> 


a) 3% 146-20 |0.6494/0.6537) 1346 | 146 |1342/0.516 |1340/%{6 |¥4e Ke | 38 36 Ue (1362 [1 15/¢6lllg 
5 | % (1846-18 |0.7704|0.7750| 74 | 13¢6 [36 10.644 [2% 34 14 [36 | Wo [86 [16 11K [LHe lI6 [16 1 (L 84 
va es 1-18 |0.957810.962511 [1  — (%>@ 10.772 |%@ 134 [5X6 [%6 | 24 He (156 (124o (186 [1346 (ES (2 (i 


® Dryseal American (National) Standard Taper Pipe Thread unless purchaser specifically authorizes use of SAE Short Dryseal Taper Pipe Thread. See SAE Standard for Dry- 
seal Pipe Threads, General Specifications, and Tables 1 and 2. 3 
b pases anon Pipe Thread, dimensions G, L, N, Ni, and T may be reduced in accordance with reduction of pipe-thread length. See SAE Standard for Dryseal Pipe 

rea ‘ables 3 and 4. : : 

S Tap-drill depths given require use of bottoming taps to produce standard full thread length. For increased tap clearance, see Internal Taper Pipe Threads in the General 
Specifications following Table 12, 
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Ball-Sleeve (Compression) Type 
a. 
Fie. 12—Baui SLEEVES Q hi Bey 
Fie. 13—Nuvts | 
5642°T SU a 
Nee 
kv 
Bre. #2 Fie. 13 
TABLE 6—Dimensions of Ball Sleeves and Nuts (Figs. 12 and 18) 
OD PITCH DIAM “ 
70.002 Sen rate ee Q eee st is ui 
Min Max ; 
aya 54 6-24 0.2854 0.2902 346 346 0.130 346 0.138 3¢ 36 
346 34-24 0.3479 0.3528 Yo Yo 0.193 an 0.201 1349 Ke 
A 14 6-24 0.4104 0.4153 Y% \% 0.257 1lgo 0.266 Yo oa] 
46 1-24 0.4729 0.4780 YY \% 0.320 1340 0.329 iG %e 
3¢ 9% 6-24 0.5354 0.5405 %o \% 0.383 1546 0.393 1540 54 
Ke 54-24 0.5979 0.6031 Ke Ke 0.447 lio 0.457 % 16 
4% 114 ,-20 0.6550 0.6606 1345 . 3 0.511 1945 0.522 56 1346 
x 1346-18 0.7764 0.7824 1345 3¢ 0.638 2340 0.650 56 1346 
3% 1-18 0.9639 0.9701 Ke Ke 0.765 i% 0.778 | lig 1346 
Inverted Flared Type 
Weis 
Jj Chamfer 
[ee 
Fic. 14—Nvrts EEE 
mm 
sear 
TABLE 7—Dimensions of Nuts (Fig. 14) 
PITCH DIAM Ci D A 
"poo | maemo, B | h ba pete 
Min ; Max Min Max Min Max Min Max 
kK 546-28 | 0.2849 | 0.2883 | 0.221 0.225 0.130 0.133 %o \% 0.246 0.261 iy He 
346 34-24 | 0.3480 | 0.3468 | 0.268 0.272 0.192 0.195 He lie 0.301 0.316 %o 3% 
\ 146-24 | 0.4055 | 0.4093 | 0.331 0.335 0.255 0.258 3% 1% 0.363 0.378 Ke Ke 
He 44-20 | 0.4619 | 0.4662 | 0.393 0.397 0.317 0.320 1346 216 0.415 0.430 lio % 
36 5g-18 | 0.5828 | 0.5875 | 0.487 0.491 0.380 0.383 1345 2540 0.533 0.548 3% 5¢ 
Ke 1W,-18 | 0.6455 | 0.6500 | 0.550 0.554 0.442 0.445 yy % 0.595 0.610 1346 lig 
4 34-18 | 0.7079 | 0.7125 | 0.612 0.616 0.505 0.508 1% 2% 0.658 0.673 Ke 4 
56 %-18 0.8329 | 0.8375 | 0.737 0.741 0.630 0.633 lio 31g 0.783 0.798 1540 K 
34 16-16 | 1.0154 | 1.0204 | 0.906 0.912 0.755 0.761 1%o 16 0.961 0.976 1545 16 


Ke 


- } , 
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Inverted Flared Type—Standard Series 


P. 
HSS Toe 


| 
=| 


A B 
Fig. 15A Fig. 15B Fig. 15C 
Fig. 15—Connectors and Unions 
es 
2 


| | 
42° + 
Fig. 16— Elbows 8 T-Rad: 
H 
Fig. 17—Tees 
Details of contour are optional with the manufacturer. Wrench 
flats are optional. The dimensions of the first figure in each 
group apply to all other figures in that group except as shown 
otherwise. See General Specifications following Table 12. 


TABLE 8—Dimensions of Connectors, Unions, Elbows, and Tees (Figs. 15A-17) 


DRYSEAL PESO E F, FOR REF G, sMALL MIN FULL 
oD ae liee THREAD)B) Dr, ; , H, seat b 
0,002 THREAD * Bone : Dy Di ae eae DEPTH (cap B) T, RAD J 
Min Max Min Max Min Max 
¥ XK 54 6-28/0.2893 |0.2937 | 5€4 an Ibo 0.104 | 0.108 | 0.216 | 0.220 46 yy 1364 0.006 34 
346 yy 34-24/0.3479 |0.3528 | 1g 0.116 | %o 0.151 | 0.155 | 0.263 | 0.267 1364 164 Bo 0.006 3% 
A ys 14 g-24|0.4104 |0.4153 | 346 0.177 | Yo 0.214 | 0.218 | 0.326 | 0.330 1364 1lé4 Bo 0.031 34 
{ de ¥ 14-20/0.4675 |0.4731 | %o 1364 Yo 0.276 | 0.280 | 0.388 | 0.392 1564 1% 4 yy 0.031 34 
de Yy 16-20/0.4675 |0.4731 | %o Bo — 0.276 | 0.280 | 0.388 | 0.392 1564 1% 4 yy 0.031 Ke 
3¢ y% 5£-18/0.5889 |0.5949 | %o 0.272 | 11% | 0.342 | 0.346 | 0.482 | 0.486 1i64 145 %o 0.031 %6 
Ye |. MK 11/,-18|0.6514 |0.6573 Ign | 2a | 1140 | 0.405 | 0.409 | 0.545 | 0.549 1% 4 36 He 0.031 Xe 
VY 3g 34-18|0.7139 |0.7199 | 1345 | 25€4 | 1345 | 0.467 | 0.471 | 0.607 | 0.611 He 2564 214 0.031 Ke 
Tle) £ L X, Ext 
el, | ase re aya | | 0 |-o | Pp SORE | Tr | Use| commecron | Ae | OY 
i 0.002 —0 —0 —0 —0 AND UNION 
i % He | 4 58 2340 | %6 | 2540 | 2540 | 1344 | Wo | Vo | 142 | 1352 | 2952] 'o | 38 1369 % 1349 
i He | 1% | %2 | Me | 34 % 1346 | 1346 | 1%. | 2 | iM % 1545 | 1346 | Mo] % ZG 4% Ke 
% %eo | %e | *ha | 34 % % 13/6 | 244 | Be | 4 3 1%. | 42 | % % 4% “a 
Pigmeene 62 | 2762 | 7562 | 2564 |. 1246 | 146 | 1342 | ee | 4 1345 | 3% | 1346 | 3a | 38 Ke %e %e 
: He | 26 | 346 ST oe i= 1065 |) Br | a) SG = A SSG Xe = 1% 
% 1340 | Wa |\Ves |1Meo | 5364 |La 1K 294 | 1340 | 142 | 1942 | *264 [Ia Mao | Me 2349 2380 16 
Yo | — | — |1Me [Me | |1%6 (1546 | 1342 | 1842} — | 6 | 1Me lie |. 44] Me | 7762 aya 
% — | 342 |1¥6e |1342 | 2% |11340 [1546 | 1242 | 1340 | 1942 | 1942 | 26 [11942 | Mo | Me | 4% "Ya 


® Dryseal American (National) Standard Taper Pipe Thread unless purchaser specifically authorizes use of SAE Short Dryseal Taper Pipe Thread. See SAE Standard for 
Dryseal Pipe Threads, General Specifications, and Tables 1 and 2. ‘ Pipe T aE 
7m Se ore Short Pipe Thread, dimensions J, L, S, and U may be reduced in accordance with reduction of pipe-thread length. See SAE Standard for Dryseal Pipe Threads, 
‘able 3 and 4. : : 
i ° Tap-drill depths given require use of bottoming taps to produce standard full thread length. For increased tap clearance, see Internal Taper Pipe Threads in the General 
i Specifications following Table 12. 
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AUTOMOTIVE TUBE FITTINGS 617 


Threaded-Sleeve Type 


° 


Details of contour are optional with the manufacturer.’ Wrench flats are optional. The dimensions of the first figure in each 
group apply to all other figures in that group except as shown 


4 Mini ipe-thread length where bod d lieved shall b ooo 
inimum pipe-thread length where body is undercut or relieved shall not be A : ; 
h orter than Lz plus one turn (thread) full thread. See General Specifications following Table 12. 
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Fig. 21A Fig. 21B Fig. 21C 


Fig. 22B Fig. 22C 
Fig. 22— Elbows 
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ii iil 


ez) | find J Wet] 
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he aes 
Fig. 234 caer ie 
Fig, 23—Tees 


TABLE 10—Dimensions of Connectors, Unions, Elbows, and Tees (Figs. 21 A-23C) 


ruse | DRYSEAL | crraicHT Game psB) D E G, 1, La», ° 
ecu geri & masa eee AEE ee ee D me ae H Tey JP LY Ls V4 
Min Max Min Max TED 
Pe od |or285t 1012002 |, | 243 | 0.128) 0.132 | 14, | 1365 || S40 3¢ 56 1 29%, 
He % 3g-24 | 0.3479 | 0.3528 | %a Yo | 0.191) 0.195) &% Ke a % reall Grara CR eee 
Be es, 94 10. 4104) 0.4153) 876 | %45~«| (0.283 | 0.287 |. 1g | 154. | 346 36 IAW I 2945 
6 yy 1-20 | 0.4675 | 0.4731 | %%e Van 0.316 | 0.320 | % 1949 1364 3% % 1 2945 
ee 201110 4675 0.4738) 745. | 114, | 0.816 | 0.320 | > | 154. | 1345 | He | te; — | — 
36 | -14-- | %@-20 | 0.5300 | 0.5355 | 5%¢ | 12 | 0.378 | 0.382} % | % sie toe reg geek Amb Yas ae 3 
Pe ee 18|1,0,.6869 10,5049) 114, |) 4445 | 0.4421 0.4461 56 | %— | 2562 | %e | 18/5 | 186 | 1260 
Me em 161'0,6469| 0.6531 | 134, | 184, | 0.503 | 0.507 | 3¢ | 24%, | %o Dae cla eel ee lee Ies 
Cee ey 27-161) 0.7094 | 0.7159 | 152, | 154, | 0.566 | 0.570 | 34 | 230 | % Vieni site Alsselh f6c, 
5 | % | 36-18 | 0.8380 | 0.8449 | 14 %o | 0.628 | 0.632) 3¢ | 2 | He Ve Ay Whee. aCe, 
% | 1-20 | 0.9675 | 0.9734 | 1% | 1%. | 0.753 | 0.757) te | % 36 Bel Ledg aivadiece cl == 
{OD ee | es | P| te poet y | mpm fom | 2m tom. | 7 Z 
Prep ie | +4416) tes i246 Me 46 | 92) 4 | Me | 36 | Sh64| 1360] 1342] He 4% Y6 *|  *9a5) 1a 
pee ee ig) ~Pielie (42 \16 \216 | 22) Mel 4% | 26°) Boh Ke | | Ke 4% 4g. | 132) Ye 
y% 2Ye0| 242] 146 3)40\!52 |52 Mo Me | %2| 3% MY 38 % a) yA. Nee % % 1940] lie 
Pew A709 | 3 Ya Ais \ie | 962 | %@ | 24 | 26% tial Mel Me | Me He 46 | 2ha| \1 ia 
a eMC 210i ee | ee | eh a ae Wat ies 
Doran ci 53) 762| 16 ie te He He | 22) 122] 14 | He | 8 15g 1 56 | 56 % %e | 7342) 242 
View aes? 63) 1 ieee) AG (282 746)|) 762, 126. | 24 WV Phe | elo bay.) 34. |) Ba 4 A a ea 
4% Een 46) 13g |e |1342/342 [242 | 14 4 Wel Ae |. 1746) waot)l. “Mel! 1X46 1346 4 % % 
He | 14e | 1 1342 | 138 |1942'1342/346 [342 | 34 Meal ie | Mel| 36 tite. | 1 | K% 4 % 
Meare tic | 1 | 1%2lko 16 |e 1342 | 14 | Mel Mie | % 1 ie | 1 16 | 1 16 % | 1Ke | ie 
ee eee ie | — | — 6 | — | — | Xe — (op es | — | is = Sa le 


® Dryseal American (National) Standard Taper Pipe Thread unless purchaser specifically authorizes use of SAE Short Dryseal Taper Pipe Thread. See SAE Standard for 
Dryseal Pipe Threads, General Specifications, and Tables 1 and 2. 

b With SAB Short Pipe Thread, dimetisions J, In, L3, Ni, N2, N3,and U may be reduced in accordance with reduction of pipe-thread length. See SAE Standard for Drysea] 
Pipe Threads, Tables 3 and 4. 

© Tap-drill depths given require use of bottoming taps to produce standard full thread length. For increased tap clearance, see Internal Taper Pipe Threads in the General 
Specifications following Table 12. 
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Threaded-Sleeve Type. 


Fig. 24—Compression SCREW nT 
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TABLE 11—Dimensions of Compression Screws (Fig. 24) 


PITCH DIAM E F x 
TUBE OD STRAIGHT (THREAD B) I K, Foi L R T 
0.002 THREAD, B THD —— oa 
Min Max Min Max Min Max es , Large Hex|Small Hex 
aA 546-24 | 0.2806 | 0.2843 | 0.128 | 0.1382 | 0.155 | 0.160 \ 46 % Yo Ya 34 He 
346 34-24 | 0.3430 | 0.3468 | 0.191 0.195 | 0.220 | 0.225 He Yo lho Ke %a Keo 3% 
\y V—e-24 | 0.4055 | 0.4093 | 0.253 | 0.257 | 0.290 | 0.295 34 2364 Ke Ke 540 4% Keo 
He 44-20 | 0.4619 | 0.4662 | 0.316 | 0.320 | 0.350 | 0.355 Ke 2564 8% Ko %o Ke 4% 
36 %6-20 | 0.5245 | 0.5287 | 0.378 | 0.382 | 0.420 | 0.425 8b, 2564 3% 4 io 540 54 Ke 
oG 5¢-18 | 0.5828 | 0.5875 | 0.442 | 0.446 | 0.482 | 0.487 lio Ke 2360 Yo a) li, x% 
¥ 11¥,-16 0.6407 | 0.6455 0.503 0.507 0.550 | 0.555 1%» yy 25% iG Yo 34 lig 
Ne 34-16 | 0.7029 | 0.7079 | 0.566 | 0.570 | 0.605 0.610 2145 1540 2540 Ke Ko 1346 <> 
56 74-18 | 0.8329 | 0.8375 | 0.628 | 0.632 | 0.680 | 0.685 2540 yy 2545 Ke Bo 1 per. c= 
34 1-20 | 0.9616 | 0.9661 | 0.753 0.757 0.810 | 0.815 1546 ¥% 21h VAs yy 1 — 


Flared Tubes. 


TABLE 12—Dimensions of Single- and Double-Flare Tubes 


(Fig. 26) 
SINGLE FLARE DOUBLE FLARE SEAT 
SOS TEC TOD. DIAMETER, A DIAMETER, B LENGTH, C 
Max Min Max Min Min 
are: 
tS wall \% 0.181 | 0.171 | 0.213 | 0.203 | 0.040 — 
Thickness t.005 346 0.249 0.239 0.280 0.270 0.040 
O47 p A 0.325 0.315 0.360 0.350 0.040 
edie 6 0.404 | 0.388 | 0.425 | 0.415 | 0.062 
. Nominal 
Tubing QD. 36 0.487 0.471 0.500 0.490 0.062 
Ke 0.561 0.545 0.570 0.560 0.062 
oN 0.623 0.607 0.640 0.630 0.062 
1.0. 0f Tubing 7.010 
54 0.748 0.732 0.772 0.758 0.062 
34 0.916 0.900 0.912 0.898 0.062 
% 1.041 1.025 —— a = 
1 VGGY? 1.141 _ _ =—s 
Fic. 25—SinGLe-FLARE AND DovuBLE-FLARE TUBES 
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General Specifications 


These specifications apply to all SAE tube fittings given in 
Tables 1 through 12 and, with respect to pipe threads, to parts 
with which fittings assemble. 

Pipe Threads, A—The pipe threads, unless there is specific 
authorization to the contrary, shall conform with the Dryseal 
American (National) Standard Taper Pipe Thread (NPTF). At 
purchaser’s option, the pipe thread on fittings may be shortened 
in conformity with the SAE Short Dryseal Taper Pipe Thread 
(PTF—SAE Short). Specifications for pipe threads are given in 
detail in the SAE Standard for Dryseal Pipe Threads. 

Tube-fitting dimensions on the preceding pages are based on the 
length of the Dryseal American (National) Standard Taper Pipe 
Thread (NPTF), because the consensus of manufacturer and user 
opimon is that trouble-free assembly and pressure-tight joints with- 
out lubricant or sealer cannot be assured unless a full-length thread 
ts used. 

Internal pipe threads shall be countersunk 90 deg inclusive to 
_ a diameter 0.01 in. above the major diameter. 

External pipe threads shall be chamfered 45 deg to a diameter 
0.01 in. below the minor diameter. 

Related specifications covering blank sizes, blind-hole depths, 
pipe taps, chasers, tap drills, and gages are shown in the SAE 
Standard for Dryseal Pipe Threads. 

Internal Taper Pipe Threads—The tap-drill depths and the 
overall lengths specified in the preceding tables for automotive 
tube fittings with internal taper pipe threads are not consistent 
with the tap-drill depths and the overall thread lengths of the 
Dryseal American (National) Standard Taper Pipe Threads 
(NPTF) specified in Table B2 of the SAE Dryseal Pipe Thread 
Standard. The full length Dryseal American (National) Standard 
Taper Pipe Taps specified in Table B4 of the SAE Dryseal Pipe 
Thread Standard cannot be used as the tap-drill depths and 
overall lengths of the fittings has been reduced to the minimum 
required by bottoming taps to produce standard full thread 
length. The deviations above described are peculiar to auto- 
motive tube fittings. As special tooling is required, caution 
should be exercised in specifying the deviations for any other 
products. 

Straight Threads, B—Unified and American Standard Class 
2A external and Class 2B internal threads shall be used for all 
types of fittings. The pitch-diameter tolerance shall be the same 
as the corresponding diameter-pitch combination and class of 
the Unified Coarse- and.Fine-Thread Series. Special diameter- 
pitch combinations shall be based on diameter, pitch, and length 
of engagement of 9x pitch. 

Internal threads shall be countersunk 90 deg inclusive to a 
diameter 0.01 in. above the major diameter. 

External threads shall be chamfered 45 deg to a diameter 0.01 
in. below the minor diameter. 

External-Thread Eccentricity Tolerances—1. When the screw 
pitch diameter is maximum and the screw major diameter is 
maximum, these two thread elements must be concentric. How- 
ever, if the screw major diameter is out-of-round, undersize, 
these two thread elements may be eccentric at the point of out-of- 


roundness an indicator reading amount equal to the screw 
major-diameter tolerance. 

2. When the screw pitch diameter is minimum and the screw 
major diameter is maximum, these two thread elements may be 
eccentric an indicator reading amount equal to the screw pitch- 
diameter tolerance. 

3. When the screw pitch diameter is maximum and the screw 
major diameter is minimum, these two thread elements may be 
eccentric an indicator reading amount equal to the screw major- 
diameter tolerance. 

4. When the screw pitch diameter is minimum and the screw 
major diameter is minimum, these two thread elements may be 
eccentric an indicator reading amount equal.to the sum of the 
screw pitch-diameter tolerance and the screw major-diameter 
tolerance. 

Internal Thread Eccentricity Tolerances—1. When the nut 
pitch diameter is minimum and the nut minor diameter is mini- 
mum, these two thread elements must be concentric. However, 
if the nut minor diameter is out-of-round, oversize, the two 
thread elements may be eccentric at the point of out-of-roundness 
an indicator reading amount equal to the nut minor-diameter 
tolerance. 

2. When the nut pitch diameter is maximum and the nut 
minor diameter is minimum, these two thread elements may be 
eccentric an indicator reading amount equal to the nut pitch- 
diameter tolerance. ; 

3. When the nut pitch diameter is minimum and the nut 
minor diameter is maximum, these two thread elements may be 
eccentric an indicator reading amount equal to pe nut minor- 
diameter tolerance. 

4, When the nut pitch diameter is maximum and the nut 
minor diameter is maximum, these two thread elements may be 
eccentric an indicator reading amount equal to the sum of the 
nut pitch-diameter tolerance and the nut minor-diameter toler- 
ance. 

Material and Manufacture—Refrigeration- and marine-type 
fittings shall be made of nonporous close-grained forged or bar- 
stock brass. All other types of fittings shall be brass or steel 
as specified by the purchaser and, at manufacturer’s option and 
in accordance with his process of manufacture, may be milled 
from the bar, cast, or forged. 

Workmanship—Fittings shall be free from burrs, loose scale, 
sharp edges, eccentricity of diameters, and all other defects 
which affect their serviceability. 

Finish—If steel, cadmium or zinc plate; cadmium or zinc 
thickness of 0.0002 in. minimum and 32-hr salt-spray test 
minimum. 

Dimensions and Tolerances—Dimensions apply to the finished 
parts, plated, hardened, or otherwise processed, as specified by 
the purchaser. Tolerances on all dimensions not’ otherwise 
limited shall be plus or minus 0.010 in. Fitting seats must be 
concentric with straight-thread pitch diameters within 0.010 
in. full indicator reading. Minimum and maximum across-flat 
dimensions shall be commercial tolerances of bar or extruded 
material from which the parts are made. 
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Details of contour are optional with the manufacturer. The 
dimensions of the first figure in each group apply to all other 
figures in that group except as shown otherwise. The illustrations on this page apply to Table 13. 
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Hydraulic Tube Fittings—37-Deg Flared Type 
TABLE 13—Dimensions of Connectors, Unions, 45-Deg and 90-Deg Elbows, Tees, Cross, Plug, Bulkhead, and Nut (Figs. 
26 A-31C) 
STRAIGHT THD 7, PITCH DIAM 
A DRYSEAL STRAIGHT C +0.003 | D +0.003 E +0.015 
rose OD | yApER THREAD THREAD, T External Internal B, DRILL DIAM DIAM = 0.000 Pi FP. Ps 
Max Min Min Max 
iy ¥ 46-24 | 0.2843 | 0.2806 | 0.2854 | 0.2902 |0.062 + 0.003} 0.083 0.251 0.177 6 6 Ke 
He a4 3¢-24 | 0.3468 | 0.3430 | 0.3479 | 0.3528 |0.125 + 0.003) 0.146 0.313 0.177 46 Xe 54 
A ¥% 146-20 | 0.4037 | 0.3995 | 0.4050 | 0.4104 [0.172 + 0.003) 0.193 0.365 0.193 yy A 14, 
Ye ¥% 14-20 0.4662 | 0.4619 | 0.4675 | 0.4781 |0.234 + 0.003) 0.255 | 0.427 0.193 Ne 6 34 
3¢ A % 6-18 | 0.5250 | 0.5205 | 0.5264 | 0.5323 |(0.297 + 0.004] 0.318 0.482 | 0.198 54 34 1346 
aA 3¢ 34-16 0.7079 | 0.7029 | 0.7094 | 0.7159 |0.3891 + 0.004) 0.426 0.661 0.2538 13/6 1% il 
5¢ A 74-14 | 0.8270 | 0.8216 | 0.8286 | 0.8356 }0.484 + 0.004) 0.539 0.774 0.266 1546 1% 1K 
34 34 1146-12 1.0067 | 1.0010 | 1.0084 | 1.0158 |0.609 + 0.005) 0.664 0.945 | 0.315 | 1k 134 134 
i 34 134 ,-12 1.1317 | 1.1259 | 1.13834 | 1.1409 |0.718 + 0.005) 0.788 1.070 |} 0.315 | 1% 134 14 
1 1 15 ,-12 1.2567 | 1.2509 | 1.2584 | 1.2659 |0.844 + 0.007) 0.913 1,195 0.315 | 13¢ 154 154 
— 0.005 
1% vA 154-12 1.5691 | 1.5632 | 1.5709 | 1.5785 |1.078 + 0.008) 1.147 1.507 | 0.367 | 1.5 2; 1% 
— 0.005 
14% 14 1%-12 1.8191 | 1.8131 | 1.8209 | 1.8287 |1.312 + 0.008) 1.381 1.757 0.378 | 2 246 214 
— 0.005 
2 2 216-12 | 2.4440 | 2.4378 | 2.4459 | 2.4540 |1.781 + 0.010) 1.880 2.382 | 0.461 | 234 21% 234 
4 — 0.005 
woos op | Site, #0015 | yoni | x | E490 far anoos | ¥00m,| ome | or | x | s | | sed se 
1, 9250 | .0:003):) 0248. | 1% 0.125 | 0.385 | 0.250 Ke ie 14 Vo 132 49%4 
Sue 313 1) 0:063h)| <O4794| We . f° 0.131 | 10.385 | 0.313 i ie 1%4 ee 135 5364 
\Y 0.364 | 0.075 | 0.550 | 1136, | 0.140 | 0.443 | 0.364 | 3% 546 1%s 1% 1555 5164 
5{, | 0.427 | 0.075 | 0.550 | 1136, | 0.140 | 0.443 | 0.427 | 3/6 ie 1%4 1% 13/6 61é4 
36 0.482 | 0.083 | 0.556 | 1% | 0.156 | 0.476 | 0.482 | %» 134, | 13% 134 1546 146 
% 0.660 | 0.094 | 0.657 | 1% 0.187 | 0.565 | 0.660 | 13%. 354, | 1% 1% ¢ Io A] 144 
56 0.773 | 0.107 | 0.758 | 18%4 | 0.219 | 0.623 | 0.773 Lge 43g, 15364 | 15864.) 1938{5 | 12% 
34 0.945 | 0.125 | 0.864 | 134 0.234 | 0.732 | 0.945 2340 % 18969) | 264 2 12l4> 
% 1.070 | 0.125 | 0.890 | 134 0.234 | 0.732 | 1.070 | 23% % Me 2540 2 123%> 
1 1.195 | 0.125 | 0.911 | 13% 0.234 | 0.732 | 1.195 LSet lean: 2a 2346 Who 11346 
144 1.507 | 0.125 | 0.958 | 1534, | 0.234 | 0.784 | 1.507 | 1% 12%. | 22844 | 2% 2154, | We 
14 1.756 | 0.125 | 1.083. | 113, |- 0.234 | 0.795 | 1.756.| 114 WAG grile 28%64° | D1TSq ius 29%, Wy 
2 Qasim |, 001254| 1/3388 | 2345 0232) We OPS7S Nine. BBN PSG ge] AQUA Std 3046 229%, | 86 
TOBE 4364 56a +964 4564 the ree Ge DD ihe FF, Min GG HH La KK the 
OD | [ia | =i — Ve ~¥% — 364 — hha Ya —0 Dram 
46 2385 | S364 44 44 a) 16 = 6Ama ete 44 % 46 He Ke V2 He 
346 | 7342 | la aMGA 44 4% 16 LN Lar eG 3% %6 3% %6 ED) 36 
y% 2% | Ke 44 4564 % 4 4Vea | 2364 5564 %% 46 Ye Ke M4 Keo 
Sie | 7362 | 1X6 SGA A % 34 4% 4 | 2364 SN IS He 4% %e M 4 
3g | 1342 | 1%e ey 1346 270 | le 1346 | 240 12 %e 2564 Ke 34 Yea %e 
4a | Ke | 11342 3heo 3V9 Wong || eae 1346 | 22%a4 | lie Ke Ke 34 % He 4 
5 | 11542 | 1% 11564 | 1340 1542 1% Ya 27325 | 12464 % 344 % 16 2364 % 
4% | 1%. | 1% 1134. | 11% | 1346 1%6 11364 | 34%e 154 34 1% Wie | 1Xe 1349 16 
% | 1M. | Ke | Ue | 1% 1% 1% 11564 | 3%6 12349 34 1% 136 | 1%6 1349 1346 
1 13149 | 2540 15 12% | 11942 | 11546 | 1% 3% 12545 146 4364 146 | 1% 1349 16 
144 | 236 2546 Wye | 1364 | 12342 | 21342 | 17364 | 3542 Qo 3139 2340 19g 1% 130 1% 
14g | 256 2% 26 GA | A 2% 13364 | 3546 yee || Mh 2340 1% 2%6 139 1% 
2 3 3% 236 | 21364 | 2340 230 | 14764 | 85364 | 3%o 12 94 24 21346 1340 24 
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Fig. 32—Sierve, Toren-Prece AsspMBLY Fig, 33—Carp—OvursipE ConTour OPTIONAL WITH MANUFACTURER 


TABLE 14—Dimensions of Sleeve of Three-Piece Assembly and Cap (Figs. 32 and 83) 


STR. THD, 7, PITCH DIAM Z A i 5 
STRAIGHT Ss S 
"apt | Eagar | etemal | totem | PRS] ARR | cts | AAR | Ee) 7 lil ae ee 
DIAM DIAM DIAM DIAM ! 
Max Min Min Max : : 
ly | 5{¢-2410. 2843/0. 2806/0. 2854/0. 2902/0.130 [0.172 |0.205 |0.267 [46 | 1342 [ho | 1 «| We |0.172 10.234 | He | 36 lol He 
Big | 36-2410. 3468|0.3430 0.3479 0.3528|0.193 |0.234 |0.267 0.329 194 | 140 |340 | %e | 4 10.203 10.266] 26 | He i402) % 
Y% | K6-20\0.4037/0.3995,0.40500.4104/0.255 0.297 0.315 10.383 [94 | 1345 [340 | 1% | 1742 10.250 0.328 | 1%44 | %6— [42 | Ke 
ie 14-20|0.466210.4619/0.46750.4731/0.318 0.366 10.375 10.445 [540 | %» [340 | 994 | 8544 10.266 10.344 | 1544 | 54 [34a | 16 
3g | %-18/0.5250|0.5205'0.5264/0.5323/0.380 |0.432 10.441 |0.502 |1}44| 14 1344 | 56 | %@ 10.266 10.344 | 19%, | 1% 6 |g | Me 
\ 34-16 0. 7079/0. 7029|0.7094/0.7159|0.505 |0.562 |0.589 [0.682 |745 | %— |H%e6 | 34 | 56 0.281 0.875 | 25441 % |e | % 
5g 74-14|0. 8270/0. 8216|0.8286|0.8356/0.631 |0.690 |0.705 |0.797 |15é4| 2442 |%6 | 2342 | 2345 10.359 (0.469 | 3464 |1 Wal eue 
84 | 1146-12)1.0067)1.0010!1.0084/1.0158|0.756 |0.826 |0.880 |0.972 |1264| 1% 1544 | 2%o | 254 10.375 10.500 | 3%4 |124 |g | 1% 65 
%% | 18{9-12|1.1317|1.1259]1. 1334/1. 1409/0.881 |0.953 [1.005 |1.097 |1364| 34 [842 | 8440 | 2742 10.406 10.531 | 2345 |13¢ [Ke | 1346 
1 154 6-12/1. 2567/1. 2509/1. 2584/1. 2659/1.006 {1.081 |1.180 |1.222 |945 | 2545 [845 |llé4 55€4 |0.438 |0.563 | 27%. |146 | MWe | 146 
14% | 156-12/1.5691/1.5632]1.5709]1.5785|1.260 |1.339 [1.412 |1.534 |54— | 2%o |840 [1.5 | 2%o 10.488 10.563 [1544 [2 Vig | ae 
14 | 17£-12/1.8191]1.8131]1.8209)1.8287|1.510 |1.609 |1.630 |1.784 |13401/134 |764 [1346 |1342 (0.531 10.656 [154g [24% |e | 1% 
2 214-12/2. 4440/2. 4378)2.4459/2.4540/2.014 |2.159 [2.195 |2.409 [1340/1346 264 [1246 [1942 10.703 |0.828 |12545 |274 |e | 214 


TABLE 15—Dimensions of Reducing Adapter (Fig. 34) 


U V +0.000/W +0.000 Y +0.005. 

TUBE REDUCTION R S REF —0.003 —0.003 »¢ —0.015 

DIAM DIAM DIAM DIAM 

3-4 3145 |, 1164 | 0.172 | 0.502 | 0.482 | — | 0.441 

4M 1 12 | 0.172 | 0.682 | 0.562 | — | 0.589 

4-% 1 lo | 0.297 | 0.682 | 0.562 | — | 0.589 

54-14 1%. | 154 | 0.172 | 0.797 | 0.690 | — | 0.705 

54-36 1M. | 154 | 0.297 | 0.797 | 0.690 | — | 0.705 

panna 34-4 134 | 174 | 0.172 | 0.972 | 0.826 | 1345 | 0.880 
ae 34-36 | 139 | 1344 | 0.297 | 0.972 | 0.826 | — | 0.880 
are Roe 34-4 | 186 | 13é4 | 0.391 | 0.972 | 0.826 | — | 0.880 

1-34 11545 | %o | 0.609 | 1.222 | 1.081 | — | 1.130 


Fic. 34—Repucine ADAPTER 


iil 
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J BREAK CORNER BREAK CORNER 
45° x 4s°x U 
BREAK CORNER c 
45°x U 
DA 
, ° ° C’SINK 90° x H DIA. 
ue. ert or 
Q‘et—MIN. FULL THD. LTH. 
S MAX, INCLUDES LAST 
IMPERFECT THD. 
Fie. 35—Nut, Two-Pircr ASSEMBLY Fie. 36—Not, Turen-Pisce Ass—EMBLY 
TABLE 16—Dimensions of Nuts for Two-Piece and Three-Piece Assemblies (Figs. 35 and 36) 
STR THD, 7, 
PITCH DIAM Z| A D F H a 
0.003|+-0.003 C, |+0.005 0.005] +36 5 L N t U 
(OD | sumgav, Z| _tnternal ~h-000|--0.000| 2 | ans [o:000| £ [oo] 20°] 7 |cdcoos/o.o10| % -| ¥* |roro0s|-+000s 0-005 0.015! -£0.005| 
DIAM | DIAM DIAM DIAM DIAM 3 
Min Max 
YZ | %{6-24 |0.2854/0. 2902/0. 130)/0.180| 342 | 3g {0.183} 142 (0.272) 6) 4 |0.282/0.460) 2745] 1745/0.010/0.220/0. 251/0.313/0.005] 3¢ 
346| 36-24 |0.3479/0.3528)/0.193)0.242| 340 | %e— |0.246| 140 (0.334) 3¢ | 1764/0.313/0.506) 1546) 1942/0.010\0.251/0.282/0.344/0.005) 7%, 
| M%6-20 |0.4050/0.4104/0.255|0.305) 342 | %6 |0.308) eo (0.388) 7%.) 2464|0.375/0.532/1 39 410.010/0.300|0.300/0.375|0.005|) %%6 
546| 4-20 |0.4675/0.4731|0.318)0.374| 345 | 9g |0.371) We 10.451) 14 | 2464/0.375/0.579)1144 | 4364/0.010)0.300)0.331/0.406/0.005| 5¢ 
36 | %6-18 |0.5264/0.5323/0.380/0.440) 345 | 1146|0.433) 364 |0.508) 976) 1142/0.385)0.603/1345 | 2345/0.010|0.302/0.333/0.416)0.010| 1%, 
4% | 34-16 |0.7094/0.7159\0.505/0.570) 44 | % (0.558) %.5 |0.688) 34 | 2964|0.488/0.723/1942 | 2745/0.010/0.344\0.375)0.469/0.010| 74 
5g | %-14 |0.8286|0.8356/0.631/0.698) 376 |1 0.694| 476 (0.804) 7% | 3364/0.521/0.817|13464| 3142/0.010/0.414/0. 461/0.568/0.010)1 
34 \1%{,_-12 |1.0084|1.0158/0. 756/0.834| 34, |114 0.829) 564 10.979} 146] 4464)0.594/0.868/1224 5/1164 |0.010/0.469]0.469/0.594/0.010)114 
% \13%{6-12 |1.1334/1.1409.0.881/0.961) 346 |13g |0.964) 342 |1.104| 1346] 117610.594/0.914/11376|15¢4 |0.010/0.469|0.516/0.640/0.010)13¢ 
1 |1%6-12 |1.2584/1.2659/1.006/1.089| 346 |114 {1.099 345 |1.229) 1546] 4764/0.625/0.962)1157.6/114 |0.010|0.500/0.563)/0.688/0.010)134 
14% | 15g-12 |1.5709|/1.5785)1.260)1.347| 14 |2 1.353) 34 |1.541| 15g | 4764/0.625)1.017/2376 |1%2 |0.010)0.500)0.563/0.688)0.010|2 
1% | 1%-12  |1.8209/1.8287/1.510)1.617; 44 |2% |1.608) %4 [1.791] 17% | 5364/0. 708|1.170)2546 |11342/0.010|0.583|0.661/0.786|0.010|214 
2 244-12 |2.4459/2.4540/2.014'2.167| 546 |276 |2.127| Y4 |2.416) 216 | 59 4'0.875/1. 462/234 14764/0.015 0.750,0.844/0.969\0.015|274 
TABLE 17—Dimensions of Single-Flare Tubes (Fig. 87) 
TUBE SIZE uae: B 0.010 
nom OD RAD C, Max 
A—— Max Min 
Hf le 0.224 0.214 0.032 0.035 
33° \ 346 0.290 0.280 0.032 0.035 
| A 0.359 0.349 0.032 0.065 
i. He 0.421 0.411 0.032 0.065 
34 0.484 0.474 0.046 0.065 
H a 0.656 0.646 0.062 0.083 
€ 54 0.781 0.771 0.062 0.095 
34 0.937 0.927 0.078 0.109 
B 
; 1% 1.062 1.052 0.078 0.109 
ae : ae 1 1.187 1.172 0.093 0.120 
WALL THICKNESS 1% 1.500 1.485 0.093 0.120 
14 1.721 1.706 0.109 0.120 
2 2.356 2.341 0.109 0.134 
Fig. 37—SINGLE-FLARE TUBE 
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OOO ease 


BREAK CORNERS OF TUBE 
END PRIOR TO FLARING 


| —TuBE SIZE ashe 


Fic. 38—DovusLe-FLarE TUBE 


TABLE 18—Dimensions of Double-Flare Tubes (Fig. 38) 


D, DIAM 
TUBE SIZE Nom OD E +0.010 rad 
Max Min 
Ky 0.224 0.214 0.032 
He 0.302 0.292 0.032 
\Y 0.359 0.349 0.032 
46 0.421 0.411 0.032 
34 0.484 0.474 0.046 
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Fic. 40—Two-Piscs Tuse 
ASSEMBLY 


Fic. 39—Turee-Piece Tuse 
ASSEMBLY 


TABLE 19—Dimensions of Two-Piece and Three-Piece Assemblies 
(Figs. 39 and 40) 


TUBE OD F G i3l 
4% He oa 3a 
He M4 a Ke 
M 346 14 1%o 
Keo 1% 4 Yea 210 
3 %o 346 16 
4% 6 Heo 1346 
% 36 Ya 146 
34 2364 4 12 
% 3% He 1346 
1 12 1340 16 
14 1Y2 2564 1% 
14 4 3564 11%. 

2 3564 Yo 134 


General Specifications 


These specifications apply to hydraulic tube fittings of the 
37-deg flared type given in Tables 13 through 19 and Figs. 26 
through 40. 


Types and Styles—The fittings shall be as shown in Figs. 26 
through 40 and Tables 13 through 19. The basic design of these 
fittings is derived from Air Force and Navy Aeronautical Stand- 
ard for 37-deg flared fittings. Since the Air Force and Navy 
Aeronautical fittings meet a performance specification, any 
changes which may be made should not be detrimental to the 
design or performance. 


Dimensions and Tolerances—Dimensions apply to the finished 
parts, plated or otherwise processed, as specified by the purchaser. 
Tolerances on all dimensions not otherwise limited shall be plus 
or minus 14 in. Fitting seats must not be concentric with 
straight-thread pitch diameters within 0.010 in. full indicator 
reading. Minimum and maximum across-flat dimensions shall be 
commercial tolerance of bar or extruded stock from which the 
parts are made. 


Passages—Drilled passages through fittings shall be as speci- 
fied in the tables. Where straight fittings are machined from 
opposite ends, an offset of 0.015 is allowable at the meeting point. 
On angle fittings, the cross-sectional area at the junction of the 
fluid passages shall not be smaller than the cross-sectional area 
of the smaller passage. 


Wall Thickness—The wall thickness at any point on the fitting 
shall not be less than the thickness established by the dimensions 
and tolerances for inside and outside diameter and eccentricities 
specified by the tables. 


Threads—Straight threads shall be Unified and American 
Standard Class 2A external and Class 2B internal (Unified fine, 
UNF; American fine, NF; and American 12-thread series). 


Pipe Threads—Pipe threads, unless there is specific authoriza- 
tion to the contrary, shall conform to the Dryseal American 
(National) Standard Taper Pipe Thread (NPTF). 


External threads shall be chamfered 45 deg to a diameter 0.01 
in. below the minor diameter. 


Internal threads shall be chamfered 45 deg to a diameter 
0.01 in. above the major diameter. 


Related specifications covering blank sizes, blind-hole depths, 
pipe taps, chasers, tap drills, and gages are shown in the SAE 
Standard for Dryseal Pipe Threads. 


Material—Fittings shall be close-grained nonporous forged or 
bar-stock material. 


Workmanship—Fittings shall be free from burrs, loose scale, 
sharp edges, and all other defects which affect their serviceability. 
All sealing surfaces shall be smooth except that annular tool 
marks up to 100 microinches rms maximum will be permissible. 
Workmanship shall conform to the best commercial practice to 
produce high-quality fittings. 


Finish—If steel, cadmium or zinc plate; cadmium or zine 
thickness of 0.0002 in. minimum and 32-hr salt-spray test 
minimum. 


AUTOMOTIVE PIPE FITTINGS 625 


Automotive Pipe F ittings SAE Standard 


Report of Parts and Bae, Technical Committee approved February 1948 and last revised by Tube, Pipe, Hose, and Lubrication Fittings Tech- 
nical Committee April 1951 


Fittings for Steel, Brass, Bronze, and Aluminum Alloys 
Details of contour are optional with manufacturer. 


Fig. 1A Fic. 1B 
Fic. 1—Nipptes AND REDUCER NIPPLES 


Chore 
Optional 


tht 
He 


ash 


TABLE 1—Dimensions of Nipples and Reducer Nipples (Fig. 1) 


DRYSEAL TAPER THREAD NIPPLES REDUCER NIPPLES 
HEX WIDTH * * ; 
Maximum Maximum Optional counterbore 
Nipples Reducer nipples ie t _hole eegee Shoulder length Adle vee 
diameter diameter = Dim Depth 
A AxA B D E F G Gi H J K L 
MYe-27 = 46 3% %a 1546 = a = — = 
¥ -27 4 x He Ke %% V2 31e0 36 38 yEv) 31g9 346 1549 
% -18 “Mxk %e %e He 13g Xe %% 42 1346 %e BAG 
3% -18 %xk 16 Ke iG 11349 Ke % Veo) 1%2 1389 16 
= 36x Me = = = %o Me 46 11349 1349 Ke 
4 -14 4g x 3% % 34 Ke 11346 4 Ke Ye 1% wr) 2% 
Fig. 2A Hire: 2B 
Fig. 2—ADAPTER AND REDUCER ADAPTER Fig. 3—REpucER BusHING 
TABLE 2—Dimensions of Adapters, Reducer Adapters, and Reducer Bushings (Figs. 2 and 3) 
DRYSEAL TAPER THREAD ADAPTERS REDUCER ADAPTERS REDUCER BUSHINGS 
= TAP- 
wipt ae Maxi Maxi Moxi 
Adapiet Reducer Reducer RANE: pEeprH | Shoulder |~ Ce os Overall | Shoulder See Overall | Shoulder | ~ anlenen Overall 
adapter bushing length iaimeter length length dianveter length length iicieter length 
A AxA1 A2x A B é D E F G H J E ib N 
6-27 = ex Me iG 38 % %a 2189 = = = %% 4 AG 
4 -27 4x Me 4xk Ke ¥ 3 Ye % % 5 2442 | Me 2Vb4 4 
a => xk 16 ae = = = = = Ke Ya 34 
4-18 4xk 3g x4 34 %e He He 1% 3% Ye 16 Ke Ke 34 
ame = Vi e8 ys SVE = = = = == = = 34 2he4 1 
3g -18 3x wx % %e Ke Ke 1% Ke 46 4 34 Ke 1 
ar = 4 x 3% % = = = = = = = 4 He 1 
4g -14 4x % = 16 % 34 Ke 171g. | %e Ye LE | = =a 
$4 -14 4x = 13g 34 4 ” 116 % He 116 = = ea 
1 -11}4 1x % ae 15g 1%6 LG 3Ve0 26 4 34 1% — = aa 
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Fittings for Steel, Brass, Bronze, and Aluminum Alloys——___llloCOu”_ 


Details of contour are optional with manufacturer. 


Fig. 4B 


Fic. 4—Covuritincs AnD REDUCER COUPLINGS 


TABLE 3—Dimensions of Couplings and Reducer Couplings (Fig. 4) 


DRYSEAL TAPER THREAD COUFLINGS REDUCER COUPLINGS 
nt aaa Should Mini bod Should: Mini bod Tap-drill 
_ * oulder Inimum body oulder Inimum body ap-' 
Coupling Reducer coupling length dinmistee Overall length length ieacter depth Overall length 
A AxAi B G E F G H Hj K 
Mo-27 = “6 %o “6 yA i ar, = Fe 
4% -27 4x Me %e 14 %e 4 6 % 3 2580 
34-18 4%xk % Yeo 4 1k Ke %e %e 3 
3 -18 %xhk 1% 24 % 1 “ %e Ke 146 
3 %xk % = aa ad 1540 4 Ke 1542 
4 -14 4%xk 16 1% 1%6 14% Ms He % 136 
= 4x 16 aa = = Yo 4 4 1%2 
a 4x % Ke = = = Ke % % 13g 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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Fittings for Cast Iron, Malleable Iron, and Cast Brass 


Details of contour are optional with manufacturer. Wrench flats are optional. 
(Minimum pipe-thread length where body is undercut or relieved shall not be shorter than Lz plus one turn (thread) full thread.) 


Fig. 5A Fig. 5B Fig. 6A Fig. 6B Fig. 7A Fig. 7B 
Fig. 7—90-Deg Pipe Elbows 


Fig. 9—Tees 


TABLE LWimensions of 90-Deg and 45-Deg Street Elbows, Pipe Elbows, and Tees* (Figs. 5A-9F) 


90- AND 45-DEG STREET 60- AND 45-DEG STREET ELBOWS, 
ELBOWS AND TEES PIPE ELBOWS, AND TEES 
DRYSEAL MINIMUM | MINIMUM | MINIMUM | MINIMUM | MAXIMUM Tap-drill 
TAPER BODY COLLAR COLLAR WALL HOLE Center to end (ext thd) | Center to end (int thd) We th 
FIGS. THREAD DIAMETER | DIAMETER | THICKNESS | THICKNESS | DIAMETER Dp 
90 deg 90 deg 
and tees 45 deg and tees 45 deg Tees 
A B G D E F G H J K Q 
5A, 6A, 7A, 8A, and 9A....... Mo-27 “Ye 1h 4% %a %a 1346 M6 4% 1349 *Vo 
5A, 6A, 7A, 8A, and 9A....... 4-27 %e 4364 %a %a Yo Sh 2982 3564 2M Z| 
5A, 6A, 7A, 8A, and 9A....... 4-18 2330 1346 eo 4 6 1}64 % 2340 Ke 3l4o 
5B, 6B, 7B, 8B, and 9B ate 34-18 % 1 le, 345 iG 1% 5% 5364 56 — 
5B, 6B, 7B, 8B, and 9Bs:.. ..0 1-14 lo 11, 346 340 Ke 1% Ye Ya 2540 = 


8 4g, %, and 4 nominal sizes—Figs. 5A, 6A, 7A, 8A, 9A, 9C, and 9E are solid castings with drilled passage hole. 
3% and % nominal sizes—Figs. 5B, 6B, 7B, 8B, 9B, 9D, and 9F are cored castings with cored passage hole. 
Tolerance for center to end dimensions— nominal size, Yo WU 

tolerance + or —, 0.03 0.03 0.04 0.05 0.06 
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Fittings for Bar-Stock Brass, Bronze, Steel, and Aluminum 5 Sn 
Details of contour are optional with manufacturer. 


TABLE 5—Dimensions of 90-Deg and 45-Deg Street Elbows 


Chamfer Corners (Fig. 10) 


G CENTER TO END 
eS DRYSEAL ony MAXIMUM 
TAPER SIZE External thread Internal thread HOLE 
“ THREAD DIAMETER 
B A 90 deg 45 deg 90 deg 45 deg 
4 A B @ D E F Gi 
rage eaters 
2 Meo-27 Ke 1% 1% 2% 34 %a 
Fic. 10B \ -27 4% 54 a yea) Nee Ye 
4 -18 16 2% 2349 2389 He He 
Fie. 10—90-Dre anp 45-Dee Strezr ELpows 3g -18 1346 ale 2362 2149 Ke Ke 
yg -14 1 14 1 139 34 %6 
34 -14 1% 13g M6 152 34 34 
1 -11}g | 4 Te | L{t2. | 12364 1946 3160 


TABLE 6—Dimensions of 90-Deg and 45-Deg Pipe Elbows 


(Fig. 11) 
DRYSEAL TAPER CENTER TONY 
THREAD BODY SIZE 
90 deg 45 deg 
A B C D 
46-27 Ke 4 Ke 
¥j -27 % 3% 4 2% 
44 -18 ie 2580 2Ve0 
Fie. 11A : ye -18 *716 *782 “Ae 
—90- yg -14 1 1349 2289 
Fie. 11—90-Dre@ anv 45-Dra@ Pier Exsows 34 -14 14 15% 5 1546 
1) 1134 144 13364 13/6 
TABLE 7—Dimensions of Tees (Fig. 12) 
CENTER IO END 
ae ees bey tence yar Moe. | TAP-DRILL 
THREAD Internal External DIAME1ER PaEre 
thread thread 
A B C D E F 
46-27 Ke a) 1% %a 2Ne0 
4g -27 44 3564 % Ye 4 
44 -18 146 2349 2% He le 
3g -18 13/6 2149 3169 Ke 114 
Fie. 12A Fic. 12B Fie. 12C 7 -14 1 1% 14 6 | «18% 4 


34 -14 1% 1542 134 34 
ao 337 iat 31 
Fig. 12—Trxs 1 -11% 1g 1°%64 11g 2 2% 
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Pad Detail 


Fig. 13B 


Fittings for Forged Brass, Bronze, Steel, and Aluminum Alloys 


Pad Detail 


629 


Fig. 13—90-Dze anv 45-DEg Srrent 


ELBows 


Pad Detail 


Fie. 14—90-Dre anp 45-Drca PIPE 


Fig. 144A Pad Detail Fig. 14B ELBows 
Pad Detail Fig. 15—Trxs 
TABLE 8—Dimensions of 90-Deg and 46-Deg Street Elbows, Pipe Elbows, and Tees (Figs. 18A-15C) 
ON- AND 45- DEG ;TREET ELBOWS AND TEES 90- AND 45-DEG PIPE ELBOWS AND TEES 
DRYSEAL BODY eee MAXIMUM Center to end 
TAPER a OUNERER: HOLE ACROSS PAD Center to end : 
THREAD DIAMETER External tarea | Internal thread Radius Tap-drill 
depth, tees 
yk, | 45 deg 90 ceg 45 deg Medes and asideg 
A B e; D E G H J K R iS) i Vs 
Meo | — - - ~ -~};-]|- |] = ~ ~ - 
My -27 3% Ke 0.206 5% 5564 230 SG4 1549 Z0) 44 4% 1546 
4 -18 2580 3464 0.283 We 1% 1364 Ya % %2 5464 Me 1% 4 
3% -18 5% 2340 0.424 1546 11% 4 Me 146 2380 2464 3Y30 4 1%. 
4g -14 1542 564 0.518 1346 13% 4 11l42 LY 2% Ke 11564 146 15g 
of 18 12364 1349 0.736 13g 14364 13g 11445 3169 3564 11M 1 12742 
1-114 Me 13g 0.924 13%4 2a 17349 11%» 1g 16 13 1% 21564 
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General Specifications 


These specifications apply to all SAE automotive pipe fittings 
and, with respect to pipe threads, to parts with which fittings 
assemble. 

Pipe Threads A—The pipe threads on pipe fittings, unless 
there is specific authorization to the contrary, shall conform with 
the Dryseal American (National) Standard Taper Pipe Thread 
(NPTF). At purchaser’s option, the pipe thread on fittings may 
be shortened in conformity with the Dryseal SAE Short Taper 
Pipe Thread. Specifications for pipe threads are given in detail 
in the SAE Standard for Dryseal Pipe Threads. 

Pipe-fitting dimensions in this Standard are based on the 
length of the Dryseal American (National) Standard Taper Pipe 
Thread (NPTF), because the consensus of manufacturer and 
user opinion is that trouble-free assembly and pressure-tight 
joints without lubricant or sealer cannot be assured unless a 
full-length thread is used. 

Internal pipe threads shall be countersunk 90 deg inclusive 
to a diameter 0.01 in. above the major diameter. 

External pipe threads shall be chamfered 45 deg to a diameter 
0.01 in. below the minor diameter. 

Related specifications covering blank sizes, blind-hole depths, 
pipe taps, chasers, drilled holes, and gages are shown in the 
SAE Standard for Dryseal Pipe Threads. 

Internal Taper Pipe Threads—The tap-drill depths and the 
overall lengths specified in the preceding tables for automotive 
pipe fittings with internal taper pipe threads are not consistent 


with the tap-drill depths and the overall thread lengths of the . 


Dryseal American (National) Standard Taper Pipe Threads 


(NPTF) specified in Table B2 of the SAE Standard Dryseal Pipe’ 


Threads. The full-length Dryseal American National Standard 
Taper Pipe Taps specified in Table B4 of the SAE Standard on 
Dryseal Pipe Threads cannot be used as the tap-drill depths 
and overall lengths of the fittings have been reduced to the mini- 
mum required by bottoming taps to produce standard full thread 
length. The deviations above described are peculiar to automo- 
tive pipe fittings. As special tooling is required, caution should 
be exercised in specifying the deviations for any other products. 

Material and Manufacture—Pipe fittings may be made from 
cast iron, malleable iron, steel, brass, bronze, or aluminum alloy 
as indicated, unless otherwise specified by the purchaser, by 
casting, forging, or milling from the bar, or upsetting from a 
grade of material free from defects which will affect their service- 
ability. 

Finish—lIf steel, cadmium or zinc plate; cadmium or zine to a 
minimum thickness of 0.0002~in. and 32-hr. salt-spray test 
minimum. —— = 

Workmanship—Fittings shall be free of burrs, loose scale, 
sharp edges, eccentricity of diameters, and all other defects 
which affect their serviceability. 

Dimensions and Tolerances—Dimensions apply to the finished 
parts, plated, hardened or otherwise processed, as specified by 
the purchaser. Tolerances on dimensions not otherwise limited 
shall be plus or minus 0.010 in. Minimum and maximum across- 
flat dimensions shall be commercial tolerances of bar or extruded 
material from which the parts are made. 


ig 


=i 
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Automotive Pipe Plugs 


SAE Standard 


Report of Parts and Fittings Technical Committee approved February 1948 and last revised by Tube, Pipe, Hose, and Lubrication Fittings Tech- 


nical Committee April 1951. 


Plugs for Cast Iron, Malleable Iron, and Steel 


>b 


iE 
He 


eg =|. 2 


fT) 
LY 


Recess & Detail of 


Contour ar 
k 


c 
Length B may be Reduced Taper on Head 
by one p (Tha) 'f ThatisCut may be Minus 
thre at Head Corners 4 Deg Total 


Fic. 1—Square-Heap Pier Piue 


Fig. 2—Hexacon-Heap Pier Prue 


TABLE 1—Dimensions of Square-Head and Hexagon-Head Pipe Plugs (Figs. 1 and 2) 


SQUARE MEAD 
DRYSEAL TAPER 


-HEXAGON HEAD 


631 


at Body length | Square size | Head height Perec pees eas Tene | Hex width | Hex thickness paves te irre Re 
A B ¢ D E F , G H J K 1G 
0.330 0.214 0.178 0.304 0.151 
A re. nae ele aoe 
Pee 0.350 0.221 0.193 oi 0.315 0.162 
0.330 0.276 0.240 0.428 0.181 
5 [gee ae a — <— 
Arn 0.350 0.283 0.255 Tee 0.440 0.194 
0.495 0.370 0.280 0.551 0.181 
ya 0.525 0.877 0.300 . se om es 0.565 0.194 i ic 
0.495 0.428 0.310 0.674 0.212 
Vee 3 5 
ae 0.525 0.440 0.335 Uesk ee woe 0.690 0.227 4 782 
0.660 0.558 0.380 0.860 0.212 : 
7-14 0.700 0.565 0.410 ee: Vay ee 0.877 0.227 “4 782 
0.670 0.615 0.440 1.044 0.304 
CYA 11 3 
74-18 0.710 0.627 0.470 oo cae ra 1.065 0.323 716 Ae 
F 0.830 0.803 0.500 1.292 0.304 : F 
toe 0.870 0.815 0.540 a8 oe hey 1.315 0.323 4% A6 


Chamfer 45° #o 
Minor Diam 


Taper on Sq. & Hex, CSink 
may be Plus 4 beg Total 


Thread must be Full or Complete 
Thd for Body Length B 


Fie. 3—(A) Cast on MALLEABLE IRON AND (B) STEEL (BROACHED) 
Pier Pues 


Note—For Fig. 3B, slight rounding and broaching slugs left in 
broached hole are permissible 


TABLE 2—Dimensions of Square and Hexagon Countersunk 
Headless Pipe Plugs (Fig. 3) 


DRYSEAL 


SQ AND HEX 


SQUARE C’SUNK 


eee reno BEZE, R ie pee van oF eal 
1ron 
C 
A B D E F G 
Cast | Broach 
0.290 0.130) 0.125 
Wy —— ae 1 
As-2T | \9 310 0.135 0.130| “% A6 
0.290 0.192) 0.188 
1 _ ot z E Aas 1 
7-21 0.310 0.197| 0.193 | “% A6 
04460) 2/0255) 9 0.2601? Enea ig 
4-18 0.475 0.260/ 0.255] “46 A6 
0.445 | 0.319] 0.319] 0.313 
SA 3 
Zn te 0.475 | 0.349] 0.324 0.318; 26 | 9-38 As 
0.590 | 0.382] 0.382) 0.375 P 
4% 14 | \0 630 | 0.4121 0.387 0.380, 74 | 0-16) %2 
0.600 | 0.413] 0.413] 0.563 
34 = 5 3 
el 0.640 | 0.443/ 0.418) 0.568 | 46 | 9-18) %2 
0.750 | 0.508| 0.508} 0.625| , rs 
eee nee 0.538| 0.513) 0.630) ed 
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Plugs for Brass, Bronze, and Aluminum Alloy 


Recess & Detail of 


Conteur cue 
e 


Length Bmay be Reduced Taper on Head 
by one p (Th) if Thal is Cut ee be Minus 
Thru at Head Corners 4 Deg Total 


Fic. 4—SquarE-Hbap Pipe PLuG Fig. 5—Hexacon-Hnap Piper PLue 


TABLE 3—Dimensions of Square-Head and Hexagon-Head Pipe Plugs (Figs. 4 and 5) 


SQUARE HEAD fs HEXAGON HEAD 
DRYSEAL TAPER > 
ae Body length | Square size | Head height ee ee Minimum wal! thickness Poa Hex width |Hex thickness bien Beene 
A B Cc D E F F' G H J K L 
0.330 0.214 0.178 0.304 0.151 
7ie-27 0.350 | 0.221 | 0.193 as oe i ne) 0.315 | 0.162 ay 
0.330 0.276 0.240 0.428 0.181 
Ve ae = — ee poet 
roll 0.350 0.283 0.255 hel 0.440 0.194 
A : BD; 0.551 181 
7418 mie ae ain ry 7 ce Meh 0.565 nae 7 2 
0.495 0.428 0.310 0.674 0.212 
ye oe fi 3Z 5, 
ge 8 0.525 0.440 0.335 eae vee ve pie 0.690 0.227 zs 72 
212 
sea | (0808 8668 888 oes | oy | ome | ode pO) Oa 
0.670 0.615 0.440 1.044 0.304 
37 ly 3 
v1 Ae 0.710 0.627 0.470 0.72 0.13 0.10 0.75 ine ass We Ke 
0.830 0.803 0.500 1.292 0.304 
ey feb! if 3 
Se 0.870 0.815 0.540 oa Ue oe soe 1.315 0.323 4% AAG 


TABLE 4—Dimensions of Square and Hexagon Countersunk 
Headless Pipe Plugs (Fig. 6) 


MINIMUM WALL 


THICKNESS 
DENSEAt | 29 200, | sovane coun | EEX, Jog an max 
THREAD LENGTH SIZE DEPTH Cast Brosched 
Chamfer 45° to c 
Minor Diam. A B on seen ea D E is G 
G E. Cast | Broach 
0.290 0.130) 0.125 
Vapi po 1 ==, 
i 46-27 | \9 310 0.135 0.130| “8 6 
0.290 0.192] 0.188 
lA — 1 — 
ae: ie me x, 2 “2 0.310 0.197; 0.193 | 46 
ig, B ig. Taper on Sq. & Hex. Cink 0.445 0.255) 0.250 
gd ies as 3 p=bh2 
Thread must be Full or Complete oe etn he eas 7D MA 0 478 0.260| 0.255 | 718 6 
Thd for Body Length B 36 -18 0.445 | 0.319} 0.319} 0.3138 4 0.08 \K 
8 0.475 | 0.349] 0.324] 0.318 6 ; S 
0.590 | 0.382] 0.382] 0.375 
b Par 3 
74 “Ad 0.630 | 0.412! 0.387, 0.380 “4 0.00 [aaa 
0.600 | 0.413] 0.413) 0.563 
SA 5 3 
fat 0.640 | 0.443/ 0.418) 0.568 | 16 | 9-10) 7%2 


Fie. 6—(A) Cast anp (B) Broacnep Pips Puiues 0.750 | 0.508! 0.5081 0.625 


Note—For Fig. 6B slight rounding and broaching slugs left in 1 -11¥ 0.790 | 0.538] 0.513) 0.630 4% 0.11) % 
broached hole are permissible 
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General Specifications 


These specifications apply to all SAE automotive pipe plugs 
and, with respect to pipe threads, to parts with which plugs 
assemble. 

Pipe Threads—The pipe threads on pipe plugs, unless there is 
specific authorization to the contrary, shall conform with the 
Dryseal American (National) Standard Taper Pipe Thread 
(NPTF). Specifications for pipe threads are given in detail in 
the SAE Standard for Dryseal Pipe Threads. 

Pipe-plug dimensions in this Standard are based on the length 
of the Dryseal American (National) Standard Taper Pipe Thread 
(NPTF), because the consensus of manufacturer and user opin- 
ion is that trouble-free assembly and pressure-tight joints with- 
out lubricant or sealer cannot be assured unless a full-length 
thread is used. 

Shorter thread and body lengths are available in the pipe- 
threaded SAE Standard for Automotive Filler and Drain Plugs 

which have threads shortened in conformity with the Dryseal 
| SAE Short Taper Pipe Thread (TF—SAE Short). 


External pipe threads shall be chamfered 45 deg, or equivalent 
radius, to a diameter 0.01 in. below the minor diameter. 

Related specifications covering blank sizes, dies, chasers, and 
gages are shown in the SAE Standard for Dryseal Pipe Threads. 

Material and Manufacture—Pipe plugs may be made from 
cast iron, malleable iron, steel, brass, bronze, or aluminum alloy 
as indicated, unless otherwise specified by the purchaser, by 
casting, forging, or milling from the bar, or upsetting from a 
grade of material free from defects which will affect their service- 
ability. 

Finish—If steel, cadmium or zine plate; cadmium or zine 
to a minimum thickness of 0.0002 in. and 32-hr salt spray test 
minimum. 

Workmanship—Fittings shall be free of burrs, loose scale, 
sharp edges, eccentricity of diameters, and all other defects 
which affect their serviceability. 

Dimensions and Tolerances—Dimensions apply to the finished 
parts, plated, hardened, or otherwise processed as specified by 
the purchaser. Tolerances on dimensions not otherwise limited 
shall be plus or minus 0.010 in. 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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Automotive Filler and Drain Plugs SAE Standard 


Report of Parts and Fittings Technical Committee approved February 1948 and last revised by Tube, Pipe, Hose, and Lubrication Fittings Tech- 
i i il 1951. 


nical Committee April 1 
Types with Pipe Threads for Cast Iron, Malleable Iron, and Steel 


Length B may be Reduced — Taper on Head! 
Boe (Thal) if The is Cut may be Minus 


ru atHead Corners 4 Deg Total 
Fic. 1—SquarE-HEeap Drain PLue Fig. 2—Hrxacon-Hreap Drain PLue 
TABLE 1—Dimensions of Square-Head and Hexagon-Head Drain Plugs (Figs. 1 and 2) . 
SQUARE HEAD HEXAGON HEAD 
DRYSEAL TAPER 
THREAD, SAE sHORT ‘ 7 Maximum Minimum Shoulder ; Maximum Minimum 
Body length Square size | Head height recess wall lenoth Hex width | Hex thickness recess wa 
diameter thickness eng’ diameter thickness 
A B C D E F G H J . 2x E 
0.290 0.214 0.178 0.304 0.151 
1 ane Bs = sah 
Oe 0.310 0.221 0.193 — 0.315 0.162 
0.290 0.276 0.240 0.428 0.181 
pirat 0.310 0.283 0.255 i ue Ts wee 0.440 0.194 Sy, ioe 
0.445 0.370 0.280 ; 0.551 0.181 
am 0.475 0.377 0.300 = 3 Ose 0.565 0.194 ari = 
0.445 0.428 0.310 0.674 0.212 
Vaz oe 5 
Zane 0.475 0.440 0.335 oa eo a 0.690 0.227 4% 782 
0.590 0.553 0.380 0.860 0.212 
ays 5 
va ots 0.630 0.565 0.410 Ds yee Jee 0.877 0.227 “a 782 
0.600 0.615 0.440 1.044 0.304 
aye 1 
(oes 0.640 0.627 0.470 See ne Bae 1.065 0.323 Ae “As 
0.750 0.803 0.500 1.292 0.304 
ona 0.790 0.815 0.540 sede O20 peat 1.315 0.323 4% Ae 


TABLE 2—Dimensions of Square and Hexagon Countersunk 
Headless Drain Plugs (Fig. 3) 


MINIMUM WALL 
DRYSEAL THICKNE 
craves | S945, [square C’ suve|, RES, [sq ano mex a 
SAE LENGTH SIZE SOCKET | cast oR 
SHORT parry MALL. | STEEL 
TRON 
Cc 
Chamfer 45° to A B -—————— D E F G 
‘ Minor Diam Cast | Broach 
A A = 
0.250 0.130) 0.125 
Zi == 3 ae 
As-27 | \ 9 970 0.135) 0.130| 752 As 
0.260 0.192) 0.188 j 
nb I a = 3 = 
not ee fe 0.280 0.197 0.193 | 752 6 
ig. : G ig. 
. is Wea a as | Taper on Sq. & Hex. CSink yy -18 Gree A dence 34e —_— Ye 
Thread must be Full ar Complete may be Plus 4 Deg Total nen tes pet a 
Thd for Body Leng? eee j : : .313 5 
% 18 |‘ 495 | 0.349] 0.324, 0.318| 782 | 9-18] 46 
0.520 | 0.382) 0.382) 0.375 
a 3 3 
“4-14 | V9 560 | 0.412| 0.387| 0.380) “46 |9-16| %a 
0.530 | 0.413) 0.413) 0.563 
Fre. 3—(A) Cast or MALLEABLE IRON AND (B) STEEL (BROACHED) 4 -14 0.570 | 0.4431 0.418] 0.568 %%e 0.18 | 32 
Se bss L111 | {0-670 | 0.508) 0.508) 0.625 
Note—For Fig. 3B, slight rounding and broaching slugs left in “11 0.710 | 0.538! 0.513! 0.630 4 0.20) 
broached hole are permissible 


——— 
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Types with Pipe Threads for Brass, Bronze, and Aluminum Alloys 


Recess & Detail of L 
Contour Optional, 


Length 8 may be Reduced Taper on Head 
by one p(Thd) if Tha is Cut = may be Minus 
Thru at Head Corners 4 Deg Total 
Fie. 4—SquarRkE-HEAD Drain PLuG Fig. 5—Hexacon-Heap Drain PLUG 


TABLE 3—Dimensions of Square-Head and Hexagon-Head Drain Plugs (Figs. 4 and 5) 


SQUARE HEAD HEXAGON HEAD 
DRYSEAL TAPER 
| THREAD, SAE sHORT , i Maximum es 7 Shoulder ‘ : Maximum Minimum 
Body length | Square size | Head height recess Minimum wall thickness lewath Hex width |Hex thickness recess wall 
diameter 8 diameter thickness 
4 B G D E F F’ G H p K L 
0.290 0.214 0.178 0.304 0.151 
eet 0.310 0.221 0.193 =a ne ei eee 0.315 0.162 2 as 
0.290 0.276 0.240 0.428 0.181 
aE 0.310 0.283 0.255 i; a 2 0:82 0.440 0.194 = 1 
0.445 0.370 0.280 0.551 0.181 
7a =T8 0.475 0.377 0.300 x Me ie. a 0.565 0.194 ee aa 
0.445 0.428 0.310 0.674 0.212 
Ae 3 5 
78-18 0.475 0.440 0.335 oe oe os : Bred 0.690 0.227 “3 782 
0.590 0.553 0.380 0.860 0.212 5 
mks 0.630 0.565 0.410 ee Oe a Ore 0.877 0.227 4 782 
: 0.600 0.615 0.440 1.044 0.304 
34. = 11 3 
“4 14 0.640 0.627 0.470 es Ole ce Cee 1.065 0.323 A6 Ao 
< 0.750 0.803 0.500 1.292 0.304 7 3 
Fas 0.790 0.815 0.540 oe oor au UES e315 0.323 % ie? 


TABLE 4—Dimensions of Square and Hexagon Countersunk 
Headless Drain Plugs (Fig. 6) 


MINIMUM WALL 
IMUM THICKNESS 
“TAPER ade SQUARE C’SUNK Psa “AF ae HEX 
Geer NG re ae DEPTH, Cast | Broached 
Cc: 
Chamfer 45° to A meee ED E z G 
\ Minor Diam Cast | Broach 
A 0.250 0.130| 0.125 
ne : A - py 
As-27 | 19 270 0.135} 0.130| 22 Ae 
0.260 0.192} 0.188 
h yeas —_ 3 sd hh 
es, | Yeeet 0.280 0.197) 0.193 | 752 A6 
1, el] Fig. 6B 0.395 0.255] 0.250 
F ies oe 5 = 1 
| s—| Taper on Sq. & Hex. Csink 7a 0.425 0.260 0.255| 782 16 
Thread must be Full oF Complete may be Plus 4 Deg Total 9 1 1 1 
Pau eLibedy Longrh B s -18 0.395 | 0.319] 0.319] 0.313 5. | 0.081 ¥e 
8 0.425 | 0.349] 0.324] 0.318 e 
0.520 | 0.382| 0.382| 0.375 | 5 , 
aes 0.560 | 0.4121 0.387| 0.380| 26 | 9-09 | %2 
0.530 | 0.413] 0.413} 0.563 
34 = 3 3 
ee 0.570 | 0.4431 0.418| 0.568| 26 | 9-10) %2 
Fie. 6—(A) Cast anp (B) Broacnep Drain Piues 1, | {0-670 | 0.508] 0.508} 0.625 , 
Note—For Fig. 6B, slight rounding and broaching slugs left in 1-114 0.710 | 0.538] 0.513] 0.630 “ OAs 76 


broached hole are permissible 
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General Specifications 


These specifications apply to all SAE automotive filler and 
drain plugs with taper pipe threads and, with respect to pipe 
threads, to parts with which plugs assemble. 

Pipe Threads—The pipe threads on filler and drain plugs, 
unless there is specific authorization to the contrary, shall con- 
form with the Dryseal SAE Short Taper Pipe Thread (PTF— 
SAE Short). Specifications for pipe threads are given in detail in 
the SAE Standard for Dryseal Pipe Threads. 

Filler and drain-plug dimensions in this Standard are based 
on the length of the Dryseal SAE Short Taper Pipe Thread 
(PTF—SAE Short). Limitations on the use of this thread are 
explained in the SAE Standard for Dryseal Pipe Threads. 

Longer thread and body lengths are available in the automo- 
tive pipe plugs which have threads in conformity with the Dry- 
seal American (National) Standard Taper Pipe Thread (NPTF). 

External pipe threads shall be chamfered 45 deg, or equiva- 
ent radius, to a diameter 0.01 in. below the minor diameter. 


Related specifications covering blank sizes, dies, chasers, and 
gages are shown in the SAE Standard for Dryseal Pipe Threads. 

Material and Manufacture—Pipe plugs may be made from 
cast iron, malleable iron, steel, brass, bronze, or aluminum alloy 
as indicated, unless otherwise specified by the purchaser, by 
casting, forging, or milling from the bar, or upsetting from a 
grade of material free from defects which will affect their service- 
ability. 

Finish—If steel, cadmium or zinc plate; cadmium or zine to a 
minimum thickness of 0.0002 in. and 32-hr salt-spray test 
minimum. 

Workmanship—Fittings shall be free of burrs, loose scale, 
sharp edges, eccentricity of diameters, and all other defects 
which affect their serviceability. 

Dimensions and Tolerances—Dimensions apply to the fin- 
ished parts, plated, hardened or otherwise processed, as specified 
by the purchaser. Tolerances on dimensions not otherwise lim- 
ited shall be plus or minus 0.010 in. 


General Specifications 


These specifications apply to all SAE automotive filler and 
drain plugs with straight threads and, with respect to straight 
threads, to parts with which plugs assemble. 

Straight Threads A;—Unified and American Standard Class 
2A external thread shall be used for straight-threaded drain 
plugs. Class 2B internal thread shall be used for parts with which 
plugs assemble. The pitch-diameter tolerance shall be the same 
as the corresponding diameter-pitch combination and class of 
the Unified Coarse- and Fine-Thread Series. Special diameter- 
pitch combinations shall be based on diameter, pitch, and length 
of engagement of 9x pitch. 

External threads shall be chamfered 45 deg to a diameter 
0.01 in. below the minor diameter. 

Material and Manufacture—Filler and drain plugs may be 
made from cast iron, malleable iron, steel, brass, bronze, or 


aluminum alloy as indicated, unless otherwise specified by the 
purchaser, by casting, ferging, or milling from the bar, or up- 
setting from a grade of material free from defects which will 
affect their serviceability. 

Finish—TIf steel, cadmium or zine plate; cadmium or zinc to a 
minimum thickness of 0.0002 in. and 32-hr salt-spray test 
minimum. 

Workmanship—Parts shall be free from burrs, loose scale, 
sharp edges, eccentricity of diameters, and all other defects 
which affect their serviceability. 

Dimensions and Tolerances—Dimensions apply to the fin- 
ished parts, plated, hardened or otherwise processed, as specified 
by the purchaser. Tolerances on dimensions not otherwise lim- 
ited shall be plus or minus 0.010 in. The washer face diameter 
shall be 95% of maximum width across flats with a tolerance of 
plus or minus 5%. 
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Types with Straight Threads 


The dimensions of the first figure in each group apply to all For broached holes, slight rounding and broaching slugs left 
other figures in that group except as shown otherwise. in broached holes are permissible. 


Slight Rounding Recess & Detail of 
in Beoached Hole Contour Optional 


@ Ww. Nn Chamfer. 
il 
He ; Gin) (J) 
H. p : U 
Taper on Sq. & Hex. C'sink may 
; 4 Deg. ie 
Fig. 8A 4 Pus 40eg.Total Fig. 8B Fig. 9B 
Fig. 7—Hevagon Outside Fig. 8—Square and Hexagon Countersunk , r \ 
Mead Drain Plug Filler and Drain Plugs Fig. 9—Square and Hexagon Inside Head Filler and Drain Plugs 
oF 240° 
epee ire 2°80 
R=p Approx: Rad. =/.5 p ae OX. 
Pires” Chamfer 


Inches 


Sy 
D Diam. E Diam. D Diam. Recommended Hole Data 
POD Undlercut Optional Undercut 


Rolled Threads Cut Threads 
Fig. 10—Detail X Enlarged 


eh acy Chore 


to Nom. Diam, +6 


90° C'sink to 
Nom. Diam. tz 


TABLE 5—Dimensions of Hexagon Outside Head, Square and Hexagon Countersunk, and Square and Hexagon Inside Head Filler and 
Drain Plugs (Figs. 7-10) 


SHOUL- peuer| prior | RECESS | MAXmrunm baie ia SOIR ARNDALE DELS ONT SKIN ES DSS USS Bae ae aes 
STRAIGHT DER RELIEF DIAME- | DIAME- DRILL- RECESS FLANGE 
THREAD LENGTH WIDTH TER TER POINT DRILL DIAMETER Mi D “ifs 
DEPTH DIAMETER Hex | Overall . Hex ie EE Overall ° Hex Sq and Overall 
. Sq size A socket | point Sq size * hex 
width | length size depth | depth length size | height length 
Ai B & D E F G V3i 16 M N 12 Q R S fT U V Ww 
0.252! 0.328 0.565 0.130] 0.156 0.221] 0.283 
Sia! po = 
Ae24 | He | %2 0.245 0.321 6 0.551 72 | 0.135] 0.161, 7% | %6 | 46 | 0-214) 0.276). 2 | 7742 
one A zs “il 0.192) 0.188 0.283) 0.315 
24 | He | %2 0.307) 0.384 7% \\0.612| 72 | 0.197| 0.193) 78 | 246 | “6 | 9.276 0.304] 4 | ‘46 
eh 428] 0.5 0.752 0.255] 0.250 0.377) 0.440 
a 20 140 340 ee a 13% A 34 ee 1740 p20 ees Ho Ay) 1549 0.370] 0.428 yy 2340 
se : 3191 0.3 0.440] 0.502 
AAS | % | % |\0.537| 0.633, °752 | 7% %  \\0.860| 7% | 0.324] 0.318) “16 | 78 | 72 | 0.498] 0.480] 2 | 7782 
0.660! 0.766 1.002 0.382) 0.375 0.502) 0.565 
Sf 
M16 | % | % 0.651, 0.757 sean aot. t 0.983] 78 | 0.3871 0.3901 74 | 7242 | 1742 | 9'490] 0.551) 2 | 76 
ae : 1.127 0.413) 0.500 0.565) 0.627 
413) 0.563 0.627| 0.815 
1-18 |Ke | % 0.910) 1-008 6 146) V4 17530] 24 | o-aisl occecl 24 | 19S2 | 2%2 | Overs ocses| Se | 29a 
1.502 0.508) 0.625 ‘002 
4-18 | %2| 7% |\1159| 1.258| 7752 146 | 14 i a7y| 2942 | oce13] 0.630] 346 | 2242 | 2% | O:s03| 0.983] 1242 | 2 
ie 1,417] 1.516] _ 1.752 0.632| 0.750 0.940! 1.127 
4-18 |% | % |i 409i 1.5031 (46 | 18 | 14 = |t1 795) 8 | 0/6371 0.7551 7% | 78 | 2 | 0-928 1.106) 78 | 176 
1-657| 1.766 2002! 0.759| 0.875 1.127| 1.252 
14-16 | %e | % |\1 "648 1.7571 74 19) 2 Tora 1946 | Goveal remo! 26 | He | Me | a'uss 1 a0] Me | U4 
1.907| 2.016 2.259 0.884| 1.125 1.315) 1.502 
= 9 1 
2 16 | As | 4% fi sos| 2.007) 4 | 178 | 24 [19/939] '746 | 0.889 1.130 7S | 24 | % | 1/302] 1.477| Ae | Vie 


TABLE 6—Dimensions of Hexagon Outside Head, Square and Hexagon Countersunk, and Square and Hexagon Inside Head Filler and 
Drain Plugs (Figs. 7-10) 


STRAIGHT | SHOUL- reer| pmor | RECESS | MAXIMUM ag ine SEE AN DEACON, COUNTERSUNE. ined Tere. aay 
minen, | pex_|RESEE| Draws” | puwa-| DRE | RECESS | Tuanor 
foie pect sete TER DEPTH | DIAMETER Hex | Overall} g,, 5; Hex Mine Pell: Overall | c, gj Hex Sand Overall 
width | length | °45!2©| size ‘depth depth length | 9 517€) size echt length 
M Ss W 
At & Cc D E F G H L (for ref) N P Q R (for ref) r U V (for ref) 
0.336) 0.410 0.627 0.192) 0.188 0.283} 0.315 
5 | 3% == — 
Operate 16 20), 752 103 0.403 % | 0.612; 4 | 0.197| 0.193] 78 | %46 | He | 0.2761 0.304 74 | ‘746 
-480! 0.567 0. ; F 5 - 
4 x 1.25] 1942 | 942 |\0°a73! 0-560] 1962 | 20 | 1%e | g’509) 2742 oco60] 0.255; 346 | 1242 | 142 | O'370l o-aas| 2 | 2962 
0.623) 0.724 0. ; F R ; 
18 x1.5)3 | % lo Gil ois U2 | He | Xe | pron 56 | o-ae7| ovsae] 2% | 1842 | 222 | o'4901 ovgs1| 242 | 1% 
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Lubrication Fittings 


SAE Standard 


Report of Parts and Fittings Technical Committee approved January 1949 and last revised by Tube, Pipe, Hose, and Lubrication Fittings Tech- 


nical Committee April 1951. 


0.270Inax. ; 0.270 max. 0.270'max. 
54 | 0.248 min. | 3”. | 0.248min. | 3” | 0.248imin. 
527] : am 767| ral 
FIFA Sis 


~ 1g x 7) aZe 
Pe 3 <— 64 ae S pe Dense 32 
Fie. 1A Fig. 1B Fie. 1C 


Fig. 1—Oprrionan Tips ror LUBRICATION FITTINGS 


Kk 
B Fil 


Fig. 2A—ExrernaL Tureap Fic. 2B—InrernaL THREAD 


Fiag. 2C—)4-28 Taper THREAD 


Fic. 2—Srraicut Hypravuic Firrines 


TABLE 1—Dimensions of Straight Hydraulic Fittings (Fig. 2) 


TAPER TAPER een SHANE: SHANK ESS 

TYPES sae THREAD, ae Eee BERS DIAM, venue 
B B ie’ D H K iB 

Fig. 2A, ex- Ya — Ke %o 1 6 0.400 216 
ternal GE eal Sie 1982 “6 0.400} 34 
thread e>| — | He | & Ye 0.400) 1144 
eri | Ja 11260 Ke 0.400} 134 
Se aah ie Pao Ke 0.400) 254 

JAP la leaon Webbe %6 0.530) 1346 

Fig. 2B, in-| %>| — |\% He 44 3¥e4 | 1342 
ternal 

thread 

Fig. 2C, — | 4-28) Ka | %6 |%e or %e| 0.252) ly 

taper — | 4-28) 15€4 | 1142 |%e or %6| 0.260] 146 

thread — | 34-28) 1364 | 26 262 or 546) 0.260] 1546 
— 14-28) 1564 | 1346 164 0.260) 114 


. PTF Special Extra Short: 


a a Special Short. 


re !" Taper Pipe Thad 
"(See Eff Thal Length) 


Fic. 3A—!¢ Taper Prer THREAD Fic. 3B—)¢ Taper Pipe THREAD 


y 728 Taper Thad 
JA 
ee | ee 
8 16 Ke 


Fic. 3C—\44-28 Taper Tureap Fic. 3D—4-28 Tarpr THREAD 
Fig. 3—AneLE Hypravuic FIrrines 


TABLE 2—Dimensions of Angle Hydraulic Fittings (Fig. 3) 


APPROX-/|APPROX— 


EFFEC- |APPROX—|/APPROX— IMATE | IMATE 


TIVE | IMATE | IMATE E E | sHANK 
TYPES sce THREAD | SHANK | END TO ee ee: DIAM, 
, LENGTH, |LENGTH, |CENTER, | stony lpenooH 
’ 7 
G D E J L K 


Figs.3A and3B,| 30 | %6*| %2 | 5% | %6 {132 | — 
ly taper pipe 30 | 46> 14 13% %e |2362 ra 
thread 60-6714] 346° | %e | % 2860 | 2260) eee 

60-6714| 546> | %6 | 2%e | 2342 |13%{6 | — 

85-90 | 346" | %2 | % 34 % a 

85-90 | 56> 1K 1154 | 3% (1% ne 


Figs.3C’and3D,| 45>] %a, | Keo | 18g | 94g ae me 
44-28 taper 45 | 1564 | Go | 1942 | 1242 | 8262 | 0.260 
thread 85-90 | %4 | He | %e | Me | % 0.252 


8 PTE Special Extra Short. 
>NPTF. 


0.400 oliam. Undercut 


zx "Taper Pipe Th 
“pr, F Spec. Extra Short) 


Fr ope 


Fig. 4—Watrer-Pump Type 
Body—steel, cadmium plated 
Cap, Y—brass or aluminum without plating 
Tip, Z—steel, cadmium plated 
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Drive Fit tn to 


Drive Fit into f 
Dritied Ho! 2" drilled Hole 


Zz Orilled Hole 
Plain Shank or 


Plain Shank or 
Serrations Optional 


Prive Fit tnto 
Z Prilled Hole 


Plain Shank or 
Serrations Optional, 


Serrations Optirona/, 


Mh 


19 
35 APPFOX: 


Fic. 5A 


£ Drive Fit into 
ig. Orilled Hole 


Plain Shank or 
Serrations Optional 


u” 
Lar | | ’ al 
"03 u ae 
U 
fo Approx: 


Hig. 5B 


Fie. 5C 


Fig. 5—Hypravuic Srraicut DRivE 
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Drive Fit into 
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Plain Shank or 
Serrations Optiona/ 


; 
3 X 6 
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— ‘© 
~ Q s|© SX 
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cae 
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gt 
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Fie. 5D 


z Drive Fit (nto 
7g Orilled Hole 


Plain Shank or 
Serrations Optiona/ 


gl 7M, 
3 OP jg Hex. 
XS 
N x 
& g 
Ss icy 
= <x 
Belkey 
1 5 
pe ose 
Me 
7 Approx: 
Fia. 6C 


/ “ 
ju a: FIP SAE 
+ PIF SAE 8 short 
g Short = ke oe, be) kod 
N= [SASS i 
\ oe m ml 
? Affect 
Tha 
Body Contour y' aren 


Optiona/ 


Fic. 7A Fig. 7B 


Fig. 7—ExLsow ADAPTERS 


General Specifications 


These specifications apply to all SAE lubrication fittings and, 
with respect to pipe threads, to parts into which fittings assemble. 

Pipe Threads—The pipe threads, unless there is specific au- 
thorization to the contrary, shall conform with Dryseal Ameri- 
can (National) Standard Taper Pipe Threads except for varying 
lengths of thread, related gaging tolerance, and form of crest. 
Experience has shown that the crest of the threads on lubrication 
fittings, intended for use with grease, does not have to conform 
to Dryseal American (National) Standard Form to function 
satisfactorily. The thread crests may have greater maximum 
truncation due to manufacturing practices. These deviations are 
not advisable in any other application of pipe-thread practice. 


Fic. 8—EXTENSION 


Specifications for pipe threads are given in detail in the SAE 
Standard for Dryseal Pipe Threads. 

External pipe threads shall be chamfered 45 deg to a diameter 
0.01 in. below the minor diameter. 

Internal pipe threads shall be countersunk 90 deg inclusive to 
a diameter 0.01 in. above the major diameter. 

Related specifications covering blank sizes, blind-hole depths, 
pipe taps, chasers, drilled holes, and gages are shown in the SAE 
Standard for Dryseal Pipe Threads. 

External Taper Pipe Threads—The shoulder lengths and the 
full thread lengths specified in the preceding tables for lubrica- 
tion fittings with external taper pipe threads are not consistent 
with the shoulder lengths and the full thread lengths of the Dry- 
seal American (National) Standard Taper Pipe Thread (NPTF) 
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specified in Table 2 and Table B1 of the SAE Standard for Dry- 
seal Pipe Threads. The full thread lengths specified in Table 2 
of the SAE Standard for Dryseal Pipe Threads cannot be used 
as the shoulder lengths have been reduced to the minimum re- 
quired for economy of manufacture or for customer needs. The 
deviations above described are peculiar to lubrication fittings. 
As special considerations are involved, caution should be exer- 
cised in specifying the deviations for any other products. 

External-Pipe-Thread Terminology—Dryseal American (Na- 
tional) External Taper Pipe Thread (NPTF) is standard full 
thread length with gaging tolerance as specified in Table 2 and 
Appendix A of the SAE Standard for Dryseal Pipe Threads. 
Dryseal SAE Short External Taper Pipe Thread (PTF—SAE 
Short) is shortened one thread at the small end with gaging 
tolerance as specified in Table 3 and Appendix A of the SAE 
Standard for Dryseal Pipe Threads. 

Dryseal Special Short External Taper Pipe Thread (PTF— 
Spl Short) is shortened one thread at the small end and also one 
thread at the large end and is gaged the same as SAE Short, 
using thin-ring gage only. 

Dryseal Special Extra Short External Taper Pipe Thread 
(PTF—Spl Extra Short) is shortened one thread at the small end 
and also two threads at the large end and is gaged 134 to 314 
turns engagement for }¢-in. size using special thin-ring gage 
with one-half pitch (thread) ground off large end and re- 
chamfered. 

Internal Taper Pipe Threads—The tap-drill depths and the 
full thread lengths specified in the preceding tables for lubrica- 
tion fittings with internal taper pipe threads are not consistent 
with the tap-drill depths and the full thread lengths of the Dry- 
seal American (National) Standard Taper Pipe Thread (NPTF) 
specified in Table B2 of the SAE Standard for Dryseal Pipe 
Threads. The full-length Dryseal American National Standard 
Taper Pipe Taps specified in Table B4 of the SAE Standard for 
Dryseal Pipe Threads cannot be used as the tap-drill depths and 
full thread lengths have been reduced to the minimum required 
by short bottoming taps for economy of manufacture or for 
customer needs. The deviations above described are peculiar to 
lubrication fittings. As special tooling and other consideraticns 
are required, caution should be exercised in specifying the devia- 
tions for any other products. 

Internal-Pipe-Thread Terminology—Dryseal American (Na- 
tional) Internal Taper Pipe Thread (NPTF) is standard full 
thread length with gaging tolerance as specified in Table 2 and 
Appendix A of SAE Standard for Dryseal Pipe Threads. When 
used with lubrication fittings which have external thread with 
shorter length of full thread than SAE Short, the internal thread 
should be held closer than standard tolerance toward the mini- 
mum PD. 

Dryseal SAE Short Internal Taper Pipe Thread. (PTF—SAE 
Short) is shortened one thread at the large end with gaging tol- 
erance as specified in Table 4 and Appendix A of SAE Standard 
for Dryseal Pipe Threads. When used with lubrication fittings 
which have external thread at small end gaged similar to SAE 
Short, the internal thread or the external thread or both should 
be held closer than standard tolerance, the internal thread to- 
ward the maximum PD and the external thread toward the 
minimum PD, to provide a minimum of one turn hand en- 
gagement. 

Dryseal Special Short Internal Taper Pipe Thread (PTF— 
Spl Short) is shortened one thread at the large end and also one 
thread at the small end and is gaged the same as SAE Short. 

Dryseal Special Extra Short Internal Taper Pipe Thread 


(PTF—Spl Extra Short) is shortened one thread at the large — 
end and also two threads at the small end and is gaged the same 
as SAE Short. . 

Straight Internal Pipe Threads—Straight internal pipe threads 
for assembly with external taper pipe thread on lubrication fit- 
tings should be tapped with Dryseal (National) Fuel Straight 
Pipe Taps (NPSF). This tap, having been adjusted on 1¢- and 
14-in. sizes to obtain threads for hand engagement and wrench — 
take-up proportionate to all other sizes, supersedes the American 
Grease Fitting Tap. When used with lubrication fittings which — 
have external thread at small end gaged similar to SAE Short, 
the internal-thread gaging should be held closer than standard 
tolerance, toward the maximum PD, to provide a minimum of 
one turn hand engagement. 

4-28 Taper Threads (SAE—LT)—External taper thread shall — 
be Unified and American Standard Thread 14-28 with 34 taper — 
on diameter per foot, PD 0.2257 plus zero, minus 0.0033 in., 
tolerance measured at start_of thread at small end. Straight in- — 
ternal thread for assembly with external taper thread on lubrica- 
tion fittings should be tapped with }4-28 UNF straight thread, — 
Class 3B pitch-diameter tolerance, and 75% minimum thread 
height. 

Straight Threads (External and Internal)—Unified and Ameri- 
can Standard Class 2A external and Class 2B internal threads 
shall be used. 

External threads shall be chamfered 45 deg to a diameter 0.01 
in. below the minor diameter. 

Internal threads shall be countersunk 90 deg inclusive to a — 
diameter 0.01 in. above the major diameter. 

Thread-Length Definitions—Full or perfect thread length is 
the distance from the start of the thread to the last thread which 
is perfect at crest and root. 

Effective thread length includes the full or perfect threads plus 
the threads perfect at the root but imperfect at the crest, such 
as obtained on standard OD pipe and with commercial drill 
sizes. 

Total thread length includes the effective thread length plus 
thread run out from die or chaser for external threads or imper- 
fect threads from tap chamfer for internal threads. 

Material and Manufacture—Fittings shall be brass or steel 
unless otherwise specified on drawing or by the purchaser. The 
greasing end of steel fittings shall be cyanided or otherwise hard- 
ened sufficiently to resist scoring by guns or couplers and damage 
from stones. 

Service—All fitting-tip dimensions and contours shall be op- 
tional except that the design shall be such that fittings are | 
readily serviced with conventional standard hydraulic-grip-type 
couplers in the field. 

Finish—If steel, cadmium or zinc plate; cadmium or zine 
thickness of 0.0002 in. minimum and 32-hr salt-spray test 
minimum. 

Dimensions and Tolerance—Dimensions apply to finished 
parts, plated, hardened, or otherwise processed, as specified by 
purchaser. Tolerances on dimensions not otherwise limited shall 
be plus or minus 4 in. Dimensions marked “approx” shall be 
limited to plus 14g, minus 14 in. Bar-stock tolerances are com- 
mercial. 

Defects—Fittings shall be free from burrs, loose scale, sharp 
edges, eccentricity of diameters, and all other defects which 
affect, their serviceability. 

Check Valve—All standard lubrication fittings are furnished 
with check valve. Special fittings without valve are not recom- 
mended by the lubrication industry. 
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| Drain Cocks SAE Recommended Practice 


Report of Screw Threads Division approved July 1921. 


TABLE 1—Drain-Cock Dimensions 


b 


THREAD SIZE® EQUIVALENT PASSAGE DIAMETER, MINIMUM THREAD SIzk® EQUIVALENT PASSAGE DIAMETER, MINIMUM? 
4 72 % Iho 
V4 M4 7 Yo 


® Taper pipe thread. ; & 1 ; 
b The cross-sectional area of the passages throughout their lengths shall be not less than those obtained with the minimum diameters given. 


Water-Pipe Flanges SAE Recommended Practice 


Report of Parts and Fittings Division approved March 1922 and last revised by Radiator Division July 1926. 


TABLE 1—Dimensions of Water-Pipe Flanges 


NOMINAL FLANGE SIZE, IN.......... 1X6 16 1'Me 11%6 26 

Outside diameter, K,in...| 144 134 2 214 236 

Inside diameter, A, in....| 13%, | 1%_ | 1%. | 1546 | 2346 

BAY went te dete. oo. . 1846°|: To.) 19BSa | 12465 |-125S5 

Chetebaye Geer ties fikase iit: 1% 2346 | 214 213746 | 344 

Y Den Boy 5 bos On a 114 1346 1346 1546 1545 

OES ois 2 455 a ee Yo | 1342 | 1342 | 154, | 1340 

ie, oe 1a ito <a) be Isa) en) 8X6 He 
(OES eye dean soe Bo yy Yy %o %o G e 
Lonptheanauuin:....... Mg ie ae | 186 ai 
Dee RE A So 9 540 54o 540 540 a) 

Capscrews, NC—2....... 54¢-18| 34-16 | 34-16 | 6-14) 6-14 


® Length of fitting for lap of hose. mre Wik P a 
Seed oes TER-FIPE LANG 


Pressure-Gage Connections SAE Recommended Practice 


Report of Screw Threads Division approved March 1922. 


ge _| 


(of 


| No.19 (0.166 Yoritt 


"| 
Mn 


’ HH | : 
» A or 10, 10-32 Ta, we ; 
Ne : /? Wu LY American 
TABLE 1—Dimensions of Pressure-Gage Connections x } Wy 45° Thds U.S.Form u +5 Standard 
° Cc Taper Pipe Thread 
TUBING B, (G8 ore co | 
DIAMETER NF—2 MINIMUM QAR TERS =) fi 
4% Ko-20 4% 1y9 Fic. 1—Pressure-Gace CONNECTIONS 
Ke 44-20 Ke 3¢ Note—Connection shown at right is intended for pressure gages 
34 5£-18 5g 1349 where type of construction shown at left is not 


applicable 
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Automobile Wiring 


SAE Recommended Practice 


Report of Electrical Equipment Division approved January 1932 and last revised January 1945. 


[Economy, operating safety, efficiency, and accessibility are the 
basis for this SAE Recommended Practice for wiring.] 


Definitions—The systems of installation commonly known as 
two wire or single wire shall be termed respectively ‘‘insulated- 
return” and “ground-return” systems. Installations in which 
the chassis frame is used as part of the return circuit shall be 
considered as ground-return systems. 

Insulated Cable—All insulated cable should conform to the 
SAE Standard for Insulated Cable. Terminals on other than 
starting-motor cables should be clamped to the insulation and 
soldered or welded to the conductors. The use of crimped ter- 
minals shall be restricted to applications in the lighting circuits. 
SAE Standard terminals or lugs should be used on starting- 
motor cables. Conductor cross-sections should be such that the 
potential loss at normal load will not exceed 10%. 

The insulated cables comprising the automobile wiring cir- 
cuits should, where possible, be grouped together and protected 
by nonmetallic tape or braid covering capable of withstanding 
severe abrasion except where otherwise protected or not in con- 
tact with metal surfaces. This wiring assembly should be cleated 
at intervals so as to be properly supported, and it should be 
located so that no portion is closer than 1 in. to the carburetor, 


gasoline line, and moving parts and at least 2 in. from the ex- © 


Flexible Steel Conduit and 


Ferrules for Electrical Uses 


haust pipe. The edges of all holes in metal members through 
which the cable passes should be rolled or bushed with rubber 
grommets. For extra protection, double or triple tape or braid 
covering should be supplied. 

Grounding—Wherever a conductor is connected to ground, it 
should be accessible for repair. Ground-return connections should 
be made to the chassis frame or engine. In cases where the engine 
or body is mounted on rubber or other insulation, proper ground 
should be provided. The surface on which the terminals make 
contact should be clean and free from oxide or paint. 

Battery Installation—The storage-battery compartment or 
metal parts near ‘the storage battery should be painted with an 
acid-resisting paint and should have openings to provide ample 
battery ventilation and drainage. At the point where the live 
line passes through a metal compartment, the cable should be 


~ protected against grounding by an acid-proof and waterproof 


insulated bushing. Where a battery and a gasoline tank are both 
placed under the driver’s seat, they,should be partitioned from 
each other and each compartment should be provided with an 
independent cover, ventilation, and drainage. 

Overload Protective Devices—The current to all low-tension 
circuits, except starting-motor and ignition circuits, should pass 
through protective devices connected to the battery feed side of 
switches. The circuits should preferably be arranged so that the 
opening of a protective device will not extinguish all the lights. 


SAE Recommended Practice 


Report of Electrical Equipment Division approved August 1916 and last revised January 1945. 


[This SAE Recommended Practice is intended primarily to pro- 
wide for the classification and testing of flexible steel conduit for 
automotive electrical uses. Other features, such as the materials and 
methods of packing used for packed conduit, depend on the product 
supplied by individual manufacturers and are generally considered 
a matter of selection between the manufacturer and user of conduit. 
Although recommended types of packing are given, other types may 
be used with equally satisfactory results.) 


Flexible Steel Conduit—All conduit as received shall be meas- 
ured without tension or compression which is what is known as 
natural lay. This conduit shall have a free elongation and com- 
pression of 10% from the normal natural length. 

The interior of the conduit shall be free from burrs or sharp 


edges which may cause abrasion of the insulation on the wire or 
cable and from obstructions which might interfere with the easy 
introduction of the maximum-size wire or cable for which the 
conduit is intended. 

To protect the wire or cable from abrasion and to prevent the 
conduit from unwinding, all exposed free ends when installed 
shall be bushed with suitable ferrules soldered to the conduit. 
Where taps or joints are made, suitable junction boxes shall be 
used and the ends of the conduit entering these boxes shall be 
carefully bushed with ferrules. 

Tensile Test—A piece of conduit 12 in. long shall be placed in 
the jaws of a tensile-testing machine, 4 in. of each end being 
held by the jaws, leaving 4 in. between the jaws. Mandrels of 
the proper diameters shall be inserted in each end of the conduit 


FLEXIBLE STEEL CONDUIT AND FERRULES FOR ELECTRICAL USES 643 


TABLE 1—Flexible Galvanized Conduit, Unpacked 


ACTUAL HENS 
NOM INSIDE DIAM, | MINIMUM | WEIGHT, | yoru | ernmecum | MENDOM 
INSIDE IN. THICK- | LB PER BENDING 
. OUTSIDE TENSION | U-BEND 
Ee pram, 1N.| NESS OF | 100 FT | soap, tpl Loan, ra} RADIUS; 
IN. 3 » “"|STRIP, IN. EX- % 4 IN. 
Min | Max TENDED 


34 |0.184'0.196| 0.278 
\%—|0.245,0.260] 0.345 
5, |0.308,0.323| 0.413 
34  |0.368,0.388| 0.478 


0.010 3.8 75 30 il 
0.010 4.5 100 40 1 
0.010 5.4 OR == 40 1% 
0.010 6.2 125 40 1% 


%e |0.4810.451| 0.551 
44 ~—-10.493 0.513) 0.633 


0.011 8.2 150 45 14% 
0.011 9.0 175 60 134 


%_ |0.5560.576 0.696 | 0.011 | 10.4 | 185 | 75 | 15% 
54 |0.6180.638 0.758 | 0.011 | 11.3 | 200 | 75 | 1% 


to prevent distortion, and the conduit shall show no indication 
of yielding under a load less than that specified in Table 1. 

Breaking Test—A piece of conduit shall be bent to a U shape 
between the flat heads of a compression-testing machine. The 
conduit shall be held in the machine in such a position that as 
the load is applied, the radius of the bend shall be decreased 
until the yield point is reached. The breaking load thus found 
shall be not less than that specified in Table 1. 

Corrosion Test—Flexible steel conduit shall have a metallic 
coating which will withstand a 24-hr salt-spray test without the 
appearance of rust on any important surface. The pieces to be 
tested shall be free from all protective films other than the 
metallic coating. 

The salt spray shall be a solution of salt (NaCl), 20% by 
weight, atomized continuously so as to give a visible fog. The 
temperature of the salt-spray test shall be approximately 70 F. 
In case the salt-spray test cannot be run continuously, the piece 
or pieces may by agreement be washed, dried, and stored in a 
dry place until the test is continued. 

General Specifications—Flexible steel conduit shall be rust 
proofed with a metallic coating before forming and may be of 
either the packed or unpacked type. Packed conduit may have 
either asbestos or cotton packing. Asbestos packing is recom- 
mended when conduit is exposed to high temperatures, the pack- 
ing consisting of a good grade asbestos yarn of sufficient size to 
insure reasonable and satisfactory tightness. When packing is 
used only to prevent rattles or looseness, cotton yarn is recom- 
mended. 

Flexible steel conduit is designated by the nominal inside di- 
ameter, but the outside diameter must be held within the maxi- 
mum shown in Table 1. 


When conduit is supplied cut to length, the normal or natural- 
lay length shall apply and the ends shall be cut square and free 
from burrs or sharp edges which will interfere with assembling 
the conduit with the parts with which it is used. 

All conduit shall be so formed that it will not unravel or show 
loose ends when cut and shall be free from any other defects 
which will affect its serviceability. 

Flexible Conduit Ferrules—Dimensions for ferrules for flexi- 
ble steel conduit are shown in Fig. 1 and Table 2. 


Fig. 1—Frrrvute Dimensions 


TABLE 2—Ferrules for Flexible Steel Condutt 


punere | piaweren, A | FENSTHAB | vtaveres C | SHOULDER, D 
346 0.285 \% 0.188 ie 
Yy 0.355 \% 0.250 A6 
5 0.425 \ 0.313 Ve 
3 0.485 3% 0.375 Ye 
We 0.555 % 0.438 ie 
vA 0.630 36 0.500 ig 
56 0.760 ¥ 0.625 3ho 
4% 0.930 ¥% 0.750 3ha 
% 1.040 % 0.875 Sha 

1 1.175 54 1.000 % 

14 1.435 5g 1.250 &% 


Material—SAE 70, soft sheet brass, or SAE 1010, dead soft 
sheet steel is used for flexible conduit ferrules. All steel ferrules 
must be zinc or cadmium plated to withstand salt-spray test for 
24 hr without showing rust. 
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Nonmetallic Conduit 


SAE Recommended Practice 


Report of Electrical Equipment Division approved March 1922 and last revised January 1945. 


General Data—Nonmetallic flexible conduit or loom is recom- 
mended for use as an insulated covering giving mechanical pro- 
tection over insulated wire, metal tubing, or other parts requiring 
a water-, oil-, and acid-proof covering resistant to fire or abra- 
sion. It is also recommended for use as a covering for copper or 
other metal tubing to prevent crystallization and to eliminate 
rattles. 

Construction—The loom shall be of single-wall construction, 
the material used to be strictly nonmetallic and of sufficient 
mechanical strength so that when formed or woven into a tub- 
ing it shall pass the tests for the size specified. Finished loom 
shall be free from obstruction and shall permit easy introduction 
of the maximum-size wire or other part for which it is normally 
suited. Loom in any length shall slip freely over a polished man- 
drel 12 in. long and equal in diameter to the minimum inside 
diameter specified. The dimensions of the standard sizes are 
listed in the accompanying table. Alternate dimensions for the 
sizes of 34, 14, and 3¢ in. indicated in Table 1 are for loom which 
can be used with standard ferrules. 


TABLE 1—Dimensions of Nonmetallic Conduit 


SoaRAS INSIDE DIAMETER, IN. OUTSIDE DIAMETER, IN. 
SIZE, IN. 

Min Max Min Max 

362 0.187 0.207 0.277 0.297 
36 0.187 0.207 0.287 0.307 
4s 0.250 0.270 0.340 0.360 
yy 0.250 0.270 0.350 0.370 
546 0.312 0.332 0.412 0.432 
3ga 0.375 0.395 0.475 0.495 
3¢ 0.375 0.395 0.505 0.525 
Ke 0.437 0.457 0.567 0.587 
uy 0.500 0.520 0.630 0.650 
Ke 0.562 0.582 0.722 0.742 
54 0.625 0.645 0.785 0.805 
14, 0.687 0.707 0.847 0.867 
4 0.750 0.770 0.934 0.954 
16 0.812 0.832 0.996 1.016 
% 0.875 0.895 1.079 1.099 
1546 0.937 0.957 1.141 1.161 
1.000 1.020 1.204 1,224 


* For use with standard ferrules. 


Saturation—For a fire-resistant loom, the inside and outside 
shall be thoroughly impregnated with an asphaltic compound or 
an equivalent water-, acid-, and fire-resisting compound. For a 
general-purpose loom, the inside and outside shall be thoroughly 
impregnated with an asphaltic compound or an equivalent water- 
and acid-resisting compound. For an oil-proof loom not affected 
by gasoline or baking varnish, the inside and outside shall be 
thoroughly impregnated with a gum saturator or its equivalent. 
The saturator, when dry, shall be free from tackiness and gummy 
deposits. This impregnation is introduced to prevent absorption 
of moisture, oil, or gasoline; to bind the material together to 
give the required wall strength; and to prevent fraying. 

Finish—For a fire-resistant loom, the outer surface shall be 
thoroughly covered by an asphaltic or equivalent water-, acid-, 
and fire-resisting compound. For a general-purpose loom, the 
outer surface shall be thoroughly covered with at least two coats 


of black pyroxylin lacquer or its equivalent producing a good 
luster and a good bond to the fabric. For an oil-proof loom, the 
outer surface shall be thoroughly covered with at least two coats 
of black pyroxylin lacquer or its equivalent producing a good 
luster and a good bond to the fabric. The lacquer must be thor- 
oughly dried before wrapping or boxing the loom for shipment. 
The use of heavy finishes or saturators to give artificial appear- 
ance is not permitted. The pyroxylin must be sufficiently plas- 
ticized so that it will not crack on a piece of loom kept three 
months at room temperature and then bent back sharply upon 
itself. Loom with finish of a higher luster than can be obtained 
with two coats of: lacquer as specified above shall be considered 
special and should be covered by other specifications when re- 
quired. Deby 

Tests—A 6-in. piece of loom totally immersed in water at 70 F 
for 24 hr and then blown out with a mild air current immediately 
after removing the water shall not have an increase in weight of 
more than 35%. The wall must not collapse when the loom is 
bent to a radius of five times the inside diameter at 70 F. The 
compound and finish must not crack open in this test. 

The material in the wall of the loom shall not crack or break 
when a 3-in. length is flattened between two steel plates. When 
the inside diameter of loom is 3g in. or smaller, the distance 
between plates is to be 1144 in. When the inside diameter of 
loom is over 3g in., the distance between plates is to be 9% in. 
The finish shall not show excessive cracking when loom is sub- 
jected to this test. 

The polished mandrels used for checking the inside diameters 
shall show no sticking or discoloration up to 150 F. 

Loom shall be capable of standing a tension test for 5 min 
without breaking or opening at any point as required in Table 2. 


TABLE 2—Tensile Requirements of Nonmetallic Condutt* 


LOOM, NOMINAL SIZE, IN. MINIMUM TENSILE REQUIREMENT, LB 


346 75 
y 85 
546 and 3 100 
%e or larger 150 


® The test piece shall be 6 in. long between suppports. 


Additional Test for Oil-Proof and Fire-Resistant Loom— Wher 
a piece of loom is totally immersed in an equal mixture of cylin- 
der oil, kerosene, and gasoline at 70 F for 5 min and then sub- 
jected to a temperature not exceeding 250 F for 1 hr, the satu- 
rating compound must not drip from the loom nor the finish 
show any appreciable defects. 

Flame-resisting qualities shall be incorporated in the satura- 
tion or finish or both for the loom to pass the following test: 
The loom shall not convey fire nor support combustion for more 
than 1 min after five 15-sec applications of a standard test flame 
with intervals of 15 sec between applications. A standard test 
flame is the blue flame, about 5 in. high, produced by a 44-in. 
bunsen burner fed with ordinary illuminating gas at normal pres- 
sure. The loom shall be held vertically with either the lower or 
the upper end thoroughly sealed to prevent the passage of air, 
and the flame must be applied horizontally. 
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Insulated Cable 


SAE Standard 


Report of Electrical Equipment Division approved July 1921 and last revised by Electrical Equipment Technical Committee February 1950. 


Low-Tension Cable 


1. General Specifications (Rubber, Synthetic Rubber, or Ther- 
moplastie Insulation). 

Conductors—Conductors shall be bunched, concentric, or rope 
lay and as specified in Table 1 and shall be annealed copper wire 
in accordance with ASTM B 3—41. When coated wires are used, 
they must withstand the continuity test as specified under Sec- 
tion 2, Tests. 

Insulatton—Insulation shall be homogeneous in character and 
placed concentrically within commercial tolerance about the 
conductors. Insulation shall adhere closely to, but shall strip 
readily from the conductors, leaving them reasonably clean and 
in suitable condition for soldering. 

Insulation thickness shall be in accordance with Table 1 for 
the various wire sizes and shall be determined by removing the 
outer covering, measuring the diameter over the insulation, then 
removing the insulation and measuring the diameter of the 
conductor. Half of the difference of the two measurements shall 
be considered as the wall thickness. 

Bravds—All braided coverings, irrespective of the type of finish 
or braid color, shall be thoroughly covered or saturated (depend- 
ing upon the type of finish) with a firmly adhering compound 


which will present a finished appearance on unaided visual exam- 
ination. 

Braids shall be covered with a protective coating or impreg- 
nated with multiple coats of properly dried heat-, oil-, and water- 
resisting insulating varnish or when specified, impregnated with 
black weatherproof compound that thoroughly saturates the 
braid and that has an even and smooth finish. Adjacent layers 
of cable when wound on the reels shall not stick to one another 
at any temperature under 104 F (40 C). 

2. Tests 

Strand-Coating Tests— -Tin tests shall be conducted on strands 
prior to stranding and shall be conducted as per ASTM B 33. 
Alloy coated wire shall conform to ASTM ES 1. 

Physical Tests—A test specimen of rubber, synthetic rubber, or 
thermoplastic insulation selected in accordance with the SAE 
Standard on Classificationsand Physical Requirements for Rubber 
Compounds (see section on sampling) shall be used. The dumbbell- 
cut sample shall have marks placed upon it 2 in. apart. The 
sample shall then be stretched at the rate of 12 in. per min. The 
tensile strength shall be calculated upon the original cross-section 
of the test specimen before stretching. Physical tests shall be 
made at room temperature of 70 F (21.1 C) plus or minus 5 deg. 
For the purpose of these tests, care must be used in cutting to 


TABLE 1—Types 1 and 2 Lighting and Starting-Motor Cables 


NOMINAL SIZE OF STRAND — 
SAE Wire Size | xumen ov winrs — ee ee ee 
n. Boo r® 

20 10 30 0.0100 0.040 980 0.022 0.115 
18 16 30 0.0100 0.050 1,568 0.022 0.135 
a! N se Bion 0.060 2,340 0.022 0.145 
= se - ae 0.075 3,777 0.022 0.165 
i a6 sc Soren 0.090 5,947 0.027 0.195 

10 65 28 0.0126 
49 27 0.0142 0.115 9,443 0.031 0.230 

19 23 0.0226 

8 103 28 0.0126 
49 25 0.0179 0.160 15,105 0.037 0.301 

19 21 0.0285 

6 172 28 0.0126 
133 27 0.0142 0.210 26,440 0.047 0.360 

37 21 0.0285 

4 133 25 0.0179 
61 22 0.0253 0.275 38, 430 0.047 0.487 

49 21 0.0285 
2 259 26 0.0159 0.335 0.505 
127 23 0.0226 0.294 Heyhae ee 0.480 
1 259 25 0.0179 0.375 0.557 
. 127 22 0.0253 0.330 eu Uae 0.503 
0 259 24 0.0201 0.420 0.600 
127 21 0.0285 0.370 eee Se 0.545 
00 259 23 0.0226 0.475 0.655 
127 20 0.0320 0.415 eerie oe 0.590 
000 259 22 0.0253 0.535 163,170 0.078 0.750 
0000 418 23 0.0226 0.595 207 , 746 0.078 0.810 
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obtain samples of uniform cross-section, and no manufacturer 
shall be responsible for results obtained from samples imper- 
fectly cut. 

Physical Properties—For Type 1 cable insulated with rubber 
or synthetic compounds, the physical properties shall be as fol- 
lows: 


Wensile. «2. canctaony -giauetose: as see eee O00 Ipsiemiinemtm 
LOM GAtION C255: oe eccid EER Ms Siang eae eae 150% minimum 


Mensile Rapes. WU ee ER ee ee 500 psi minimum 
‘Blongation:..33...ta. ter. Lea ee eee Te 200% minimum 


For cable with thermoplastic insulation, all braided items, the 
physical properties shall be as follows: 


ONS Orne the Sc Paar e er Lae eee 1000 psi minimum 
Mion gation yeast es Meee ee ee eee 100% minimum 


Oil Test for Rubber-Insulated Braided Cables—This test shall 
be made on all braided cables that have either a finishing com- 
pound lacquer or varnished finish. Weatherproof wax-treated 
cables shall not be subjected to these tests. 

Samples of cables shall be immersed in a mixture of equal 
parts of SAE 30 engine oil and gasoline for a period of 24 hr 
without allowing the ends of the sample to become submerged. 
After this immersion, the finishing compound or varnish should 
not show signs of softening or absorption, and the diameter of 


the wire shall not show swelling of over 15%. The braid should ~ 


then be removed and the insulation cut open. There should be 
no evidence that the liquid has penetrated to the strands. In 
making this test a shallow vessel shall be used to hold the mixture 
of engine oil and gasoline so that the sample of wire may be im- 
mersed without a sharp bend or the necessity of sealing the ends 
of the wire. é 

Note: For the purpose of qualifying the insulating compound, 
all of the following cable tests shall be conducted only on No. 
16 gage cable. 

High-Temperature Test (For Thermoplastic-Insulated Cables)— 
One inch of the insulation shall be removed from each end of a 
24-in. sample of the finished cable. The sample shall be suspended 
around a cylindrical mandrel having a diameter of 6% in. for 
No. 16 gagecable. Each end of the conductor shall havesuspended 
from it a one pound weight. This condition shall be maintained 
for 120 hr in a circulating-air oven maintained at a temperature 
of 248 F. The samples shall be allowed to cool to room tempera- 
ture. When cool, the weights shall be removed from the specimen 
and it shall be taken off the mandrel, bent in the reverse direction 
around a mandrel 3 in. in diameter at a rate not to exceed one 
complete turn per minute, and then be subjected to the following 
dielectric test. A specimen of the cable 2 ft long shall be formed 
into a loop. One inch of the insulation shall be removed from 
each end of the wire and the ends twisted together. The loop thus 
formed shall be immersed in salt water, containing 5% salt by 
weight, at room temperature, so that not more than 6 in. of each 
end of the specimen protrudes above the solution. After being 
immersed for 5 hr and while still immersed, the specimen shall 
withstand the application of 1000 v, rms, at 60 eps frequency 
between the conductor and the water for one min without rup- 
ture of the insulation. 

Oil Test (For Thermoplastic-Insulated Cables)—A specimen 24 


in. long shall be immersed to within 2 in. from the ends in a 
mixture of equal parts of kerosene and engine lubricating oil at a 
temperature of 118 to 122 F for a period of 20 hr. The sample 
shall then be removed from the solution, examined for deteriora- 
tion of the insulating compound, and gaged for swelling. 

The outside diameter of the insulation of the cable shall not 
increase more than 15%. The sample shall then be bent around 
a 3-in. diameter mandrel and checked for cracking; after the 
bend test the cable shall be given the dielectric breakdown test 
specified under High-Temperature Test. 

Cold Test (For Thermoplastic-Insulated Cables)—A straight 
specimen shall be maintained at a temperature of —48 to -52 
F for 1 hr. While still at this temperature, the sample shall. be 
bent around a 3-in. diameter mandrel for at least 180 deg at the 
uniform rate of one complete turn per minute. The specimen is 
then subject to the dielectric breakdown test as outlined in the 
High-Temperature Test. 

3. Specification Types (Lighting and Starter Cables)—Con- 
ductors shall be insulated in one of the following ways to be 
specified by the purchaser: 

Insulation (rubber, synthetic rubber, or thermoplastic) 
Type 1—Insulated-less braid, starter or ground use. 
Type 2—Standard single braid, general-purpose use. 
Type 3—Single braid, heavy-duty use. 

Type 4—Double braid, extra-heavy-duty use. 


Construction of the cables shall be as shown in Table 1. All 
braids in Types 2, 3, and 4 cables shall be coated with a flexible 
compound as specified in Section 1, General Specifications. 

Note: Because of the special care needed in processing small 
conductors, it is recommended that nothing smaller than No. 
16 wire be used in the wiring harnesses. 

4. Specification for Type 3 Cables—The conductor and insu- 
lation shall be as shown in Table 1. The braid shall be made up 
of one-half paper twine and one-half cotton yarn The cable 
shall be braided such that all of the paper twine shall be in one 
direction and the cotton yarn braided in the opposite direction. 
The braid shall be finished or coated with a compound as speci- 
fied in Section 1, General Specifications. Construction of these 
cables shall be as shown in Table 2. 


TABLE 2—T ype 3 Cables (Single Braid, Paper and Cotton) 


MAXIMUM 16 CARRIER 
omens | ae ore aoe) et | 
18 14—1—_4 0.028/1 10 0.155 
16 30—2—4 0.028/1 13 0.170 
14 or equiva- 0.028/1 ° 13 0.190 
12 lent® (all 0.028/1 16 0.230 
10 sizes) 0.028/1 18 0.255 | 


4 Tf two- or three-end yarn is used, the picks per inch shall be changed such thata 
close weave is obtained. 


5. Specifications for Type 4 Cables—The conductor, insula- 
tion, and first braid shall be as shown in Table 1 or Table 2 
construction. The second braid covering shall be made up of 
one-half paper twine and one-half cotton yarn. The cable shall 
be braided such that all of the paper twine shall be in one direc- 
tion and the cotton yarn braided in the opposite direction. The 
braid shall be finished or coated with a compound as specified in 
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Section 1, General Specifications. Construction of these cables 
shall be as shown in Table 3. 


TABLE 3—Type 4 Cables, Double Braided, Extra-Heavy Duty 


MAXIMUM 16 CARRIER 
MOWAWG— | ExDS oO” Corton |SIZEANDENDS,| PICKS | | CAsreOD 
18h 14—1—-4 0.028/1 10 0.195 
16 30—2—4 0.028/1 13 0.205 
14 or 0.028/1 13 0.225 
12 equivalent* 0.028/1 16 0.255 
10 (all sizes) 0.028/1 16 0.290 


4 If two- or three-end yarn is used, the picks per inch shall be changed such that a 
close weave is obtained. - 

The conductors may be of bare copper, tin, or alloy-coated 
copper as required. A fibrous covering or paper shall be used as 
a separator between the bare conductors, if used, and the insula- 
tion. 

When bunched stranding is used, the length of core lay for 
sizes Nos. 20 to 12 inclusive shall be 2 in. maximum. For Nos. 
10 to 4 inclusive, the lay shall be 3 in. maximum. For larger cable 
the stranding shall be such that when the cable is bent around a 
5-in. diameter mandrel, the cable shall not be injured. 

Stranding may be bunched, concentric, or rope lay, and as 
specified in Table 1. The cross-sectional area of stranded con- 
ductors shall be not less than 98% of the values specified in the 
table, which allow for the effects of tinning and stranding. 


High-Tension Cable (Braided Type) 


This specification applies to braid-covered insulated cable for 
use as high-tension lead in motor-vehicle and tractor-engine 
ignition systems. 

1. General Specifications 

Conductor—The conductors shall be comprised of 19 strands 
No. 29 AWG annealed tinned copper wire having a lay twisted 
to the left as viewed from the observer. The circular mil area 
shall be within 234% of the nominal cma. The diameter of the 
stranded group shall not exceed 0.060 in. 

Insulation—A covering of insulating compound shall be applied 
directly over the conductor. The insulating compound shall 
adhere closely to, but shall strip readily from the wires of the 
conductor, leaving them reasonably clean. Each layer of the 
compound shall be homogeneous in character and placed con- 
centrically around the conductor. 

' Braid—A protective braid shall be applied over the insulating 

compound. The braid shall be so finished as to be resistant to 
heat, oil, water, and gasoline. Adjacent layers of cable, when 
wound on a reel or when packed in sets, shall not stick to one 
another at any temperature under 105 F. 

Size—The outside diameter of the cable shall be within 0.270 
to 0.285 in. Cable may be slightly flattened or oval in section, 
but the two diameters measured 90 deg apart at any section must 
be within the values specified. 

Date Marking (When Specified)—To identify the date of 
manufacture, three distinguishing colored threads shall be used 
in the braid. Two of these threads shall indicate the year of 
manufacture, the colors being: : 


1948—Yellow 
1949—Green 


1950—Red 
1951—Black 


1952—Yellow 
1953—Green 


1954—Red 
1955—Black 


For succeeding years this cycle will repeat. 
The third thread shall indicate the quarter of the year of 
manufacture, the colors being: 


First quarter—Red 
Second quarter—Black 


Third quarter—Green 
Fourth quarter—Yellow 


Optional Marking (When Specified) —The manufacturer’s name, 
the quarter, and year shall be legibly and reasonably permanently 
marked on the outside of the cable at intervals not exceeding 2 ft; 
acceptable marking: — 


Manufacturer’s name—lst Q—1949 


2. Tests—Four samples of cable shall be subjected to each of 
the tests outlined below. All electrical tests shall be made with 
alternating current of 60 cps frequency. Voltages specified shall 
be mean effective values (root-mean-square). 

Voltages should be increased from zero to the prescribed test 
values at a uniform rate of rise approximating but not exceeding 
3 kv, rms, per sec. 

High-Potential Test—One inch of insulation shall be removed 
from each end of an 18-in. length of the cable and the exposed 
ends of the conductor twisted together. The loop so formed shall 
be immersed in water at 68 F (20 C) + 5 deg, so that 4 in. of 
each leg of the loop protrudes above the surface of the solution. 
After 24-hr immersion and while still immersed, a potential of 
20,000 v shall be applied between the conductor of the cable and 
the water and shall be maintained for 20 min. The cable shall 
withstand this test without failure. 

Corona Test—A 5-ft length of the cable, having a 5-lb weight 
attached to the free end, shall be wound 10 turns on a metal rod 
1 in. in diameter, with adjacent turns touching. The cable shall 
then be secured to prevent slipping or release of tension. A po- 
tential of 10,000 v shall be applied between the conductor of the 
cable and the metal rod and maintained for 30 min. The potential 
shall then be raised to 20,000 v and maintained for 2 hr. 

This test shall be started with cable and metal rod at a tem- 
perature of 68 F (20 C) + 5 deg. The cable shall withstand this 
test without failure. : 

Low-Temperature Test—A sample of the cable, 5 ft in length, 
shall be stretched straight on a rack and subjected to a tempera- 
ture of —10 F (—23.3 C) + 5 deg for 12 hr. The cable shall 
then be wrapped around a 3-in. mandrel, with cable and mandrel 
at a temperature of —10 F. During this operation, the cable 
shall be protected from the warmth of the operator’s hands by 
the operator’s wearing heavy gloves. Cracking of the outer 
covering of the cable shall constitute failure. 

Life-Cycle Test—One end of a 5-ft specimen shall be firmly 
attached to a suitable cylindrical mandrel with a diameter of 
4 in.; a weight of 5 lb (avoirdupois) shall be firmly attached to 
the end of the specimen. The specimen shall be wound in a clock- 
wise direction on the mandrel with the coils touching. It shall 
then be unwound and rewound in a counterclockwise direction 
so that the coils again touch. This procedure shall be repeated 
until no less than two bends in each direction have been imposed 
on the specimen. The specimen shall then be removed from the 
44-in. mandrel and wound on a 1-in. mandrel so that there are 
5 turns spaced 34 in. apart. At the time of winding on the 1-in. 
mandrel, one end of the cable shall be firmly attached to the 
mandrel and the 5-lb weight attached to the outside of the other 
end of the specimen. After winding, a close-fitting brass sleeve 
with belled ends shall be placed over the wound mandrel. The 
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test specimen shall then be subjected to the procedures and 
conditions specified in Table 4 and shall not be removed from 


the 1-in. diameter mandrel until they have been completed. 


TABLE 4—Operations to be Performed and Conditions 
to be Maintained 


ON FIRST 24-HR SECOND 24-HR THIRD 24-HR 314-HR 
SUMED, PERIOD PERIOD PERIOD PERIOD 
HR 
3 Rest Rest Drain Drain 
14 | Corona test Corona test Corona test Corona 
15 kv 15 kv 15 kv test 
15 kv 
¥y | Rest Rest Rest == 
20 Bake in oven | Soak in 5% Soak in solu- — 


at 176 +20 F. 


sodium chlo- 
ride solution 
at room tem- 
perature, ends 
protruding 
not more than 
8 in. nor less 
than 4 in. 


of 1 part kero- 
sene, | part 
motor fuel, 2 
parts engine 
SAE 80 oil, 
ends protrud- 
ing not more 
than 8 in. nor 


less than 4 in. 


® Kerosene conforming with Federal Specification VV-K-211. 


Tinning Test should be conducted on strands prior to stranding 
and shall be conducted according to ASTM B 33. 


High-Tension Cable, Synthetic Sheath, Waterproof 


Type 


This specification covers 7-mm diameter synthetic-sheath 
high-tension cable for use as ignition cable leads in motor-vehicle, 
or tractor-engine ignition systems. 

1. General Specifications 

Conductor—The conductor shall be comprised of 19 strands 
No. 29 AWG annealed tinned copper wire having a lay twisted 
to the left as viewed from the observer. The cma shall be within 
234% of the nominal cma. The diameter of the stranded group 
shall not exceed 0.060 in. 

Insulation—A homogeneous insulating compound shall be 
applied concentrically over the conductor. The insulation shall 
adhere closely to, but shall strip readily from the conductor, 
leaving strands of wire reasonably clean. The thickness of in- 
sulating compound shall be such that it will meet the tests 
specified herein. 

Braid—An open-weave braid of suitable textile over the in- 
sulating compound is optional. 

Synthetic Sheath—A synthetic-rubber sheath shall be applied 
concentrically over the insulation or over the braid, if used. It 
shall be so compounded as to meet the tests specified herein. 
Adjacent layers of cable, when wound on reel or coil or packed 
in sets, shall not stick to one another at any temperature under 
120 F. 

Size—The outside diameter of the cable shall be within 0.270 
and 0.290 in. Cable may be slightly flattened or oval in section, 
but the two dimensions measured 90 deg apart at any section 
must be within the values specified. 

Date Marking (When Specified)—The manufacturer’s name, 


1 Kerosene conforming with Federal Specification VV-K-211. 


the quarter, and year shall be legibly and reasonably permanently 
marked on the outside of the cable at intervals not exceeding 2 ft; 
acceptable marking: 


Manufacturer’s name—Ilst Q—1949 


2. Tests—Four samples of a suitable length of cable, or length 
as specified, shall be subjected to each-test outlined below. Fail- 
ure of more than one sample on any one test may be considered 
cause for rejection of the lot from which samples were selected. 

All electrical tests shall be made with 60-cycle alternating 
current. The voltage specified shall be mean effective values 
(root-mean-square). 

Voltage shall be increased from zero to the prescribed test 
value at a uniform rate of rise approximating but not exceeding 
3 kv per sec or as otherwise specified. 

Waterproof Test—One inch of insulation shall be removed from 
each end of an 18-in. length of cable and the ends twisted together 
forming a loop. The specimen shall then be totally immersed, 
ends down, in distilled water at 185 + 6 F for 2 hr, after which 
time the specimen shall be removed and suspended in a grounded, 
5% (by weight) sodium chloride solution, with 8 + }4 in. of the 
ends protruding. After specimens have been in the solution 30 
min, a potential of 1000 v is to be applied from the bare ends to 
ground, and the potential increased at a rate of approximately 
1000 v per 5 sec, to 15,000 v. The potential shall be held at 15,000 v 
for 5 min. Burning over the ends or rupture of the insulation shall 
indicate failure. 4 

Life-Cycle Test—One end of a suitable length of cable shall be 
secured to a 14-in. diameter mandrel. A weight of 10 lb shall be 
attached to the free end. The mandrel and cable specimen shall 
then be rotated. Five complete turns shall be wound around the 
mandrel, coils touching. The cable shall then be unwound and 
rewound in the opposite direction. The complete winding cycle 
shall be performed twice. 

The specimen shall then be wound on a 1-in. diameter mandrel 
so that there are 5 turns spaced 34 in. apart. A 5-lb weight shall 
be attached to the free end during the winding cycle. The speci- 
men shall be suitably secured to the mandrel to prevent unwind- 
ing during the test cycle. The mandrel and specimen shall then 
be placed in a snug-fitting, belled metal shield. The specimen with 
mandrel and shield shall be subjected to the following tests: 

(a) Heat 5 hr at 250 + 3 F. Remove from the oven and im- 
merse in water maintained at 120 + 3 F for a period of 18 hr. 
Remove and drain for 30 min..Subject specimen to 15,000 v 
applied between conductor and sheath for 30 min. Follow by 

(b) Immerse in SAE 30 oil maintained at 194 + 5 F for 18 
hr. Remove and drain 30 min. Subject specimen to 15,000 v 
applied between conductor and sheath for 30 min. Follow by 

(c) Immerse in kerosene! for a period of 18 hr at room tempera- 
ture. Drain for 4 hr. After completion of tests, the insulation 
shall not erack, rupture, show excessive swelling, or other evidence 
of damage. 

High-Temperature Test—Suitable lengths of cable shall be 
suspended straight in a ventilated oven maintained at a tempera- 
ture of 250 + 3 F for 48 hr. The specimen shall then be removed 
from the oven, allowed to cool to room temperature, then wrapped 
360 deg around a }4-in. mandrel. Cracking of the outer jacket 
shall constitute failure. 

Low-Temperature Test—Suitable lengths of straight specimens 
shall be placed in a cold chamber maintained at —30 + 1 F for 
24 hr. Without removing from the cold chamber, wrap speci- 
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men 360 deg around a 3-in. diameter mandrel which has also 
been subjected to the same time and temperature as the specimen. 
Cracking of the outer jacket shall constitute failure. 

Hot-Oil Test—Twenty-inch specimens shall be immersed in 
SAE 30 oil maintained at a temperature of 250 + 5 F for a 40-hr 
period. The ends of the specimens shall protrude 3 in. above the 
oil and be 1 in. apart. The oil shall be circulated during the test. 
Remove from oil and allow to cool to room temperature, wipe 
free of oil and wrap center portion 360 deg around a }4-in. diame- 
ter mandrel against curvature of bend. Excessive swelling, 
cracking, or rupture of jacket shall constitute failure. 


Braided Grounding Straps 


The copper-braided straps listed in Table 5 are intended for 
battery-ground and engine-ground straps. 

Individual Strands—Strands shall be annealed copper wire in 
accordance with ASTM B 3—41. They may be either tinned, 
lead, alloy coated, or uncoated as specified. 
_ The straps shall be braided in conventional manner of inter- 


7-Conductor Jacketed Cable for Truck 


and Trailer Connections 


locking, the braider carriers shall travel over and under in a 
uniform pattern. The round braided sleeve shall be rolled flat to 
the approximate width as indicated in Table 5. The width may 
be varied by changing the pressure of the rollers. 


TABLE 5—Construction Details of Braided Grounding Straps 


GAGE SIZE APPROXIMATE MINIMUM MAXIMUM 
Ee ee ai net 
9 12,060 24 5 30 Ke 
6 26 , 532 24 11 30 54 
4 38 , 592 24 16 30 1% 
48 8 30 
y 48,240 24 20 30 % 
48 10 30 
2 65, 124 24 27 30 15/, 
1 77,184 24 32 30 1546 
1 82,008 48 17 30 1546 
0 106 , 128 48 22 30 1K, 
00 130,248 48 27 30 1546 


SAE Recommended Practice 


Report of Electrical Equipment Technical Committee approved January 1951. 


Conductor 

One (center) 10 gage—105 strands of #30 tinned annealed 
copper wire, twisted with a lay of 1.50 in., wire tinned according 
to ASTM B 33. 

Six 12 gage—65 strands of #30 tinned annealed copper wire, 
twisted with a lay of 1.50 in., wire tinned according to ASTM 
B 33. : 4 

Steel strands may be added to increase flexibility life. 

Insulation—Hach 12-gage conductor shall be insulated with a 


TABLE 1—Specifications for Insulation Compound* 


AT 60 C 
ECOVERIUDEEEE Sees ket te se ccasessceess+| Sin. str, 4 
Elongation, %...... 250 


Tensile Strength, psi...... ieee ae, wie 600» 
Oxygen-Bomb Aged (96 hr at 70 C, 300 psi) , Elonga- 


ENGR OMOUIPINNAO AMEND Ok. woo ea koe te ecas 70° 
Oxygen-Bomb Aged (96 hr at 70 C, 300 psi), Tensile, 
ER SEC TEE . . 2 on 8 OS) CSR REESE ee ee 70» 


a Underwriters’ physical requirements for insulates on approved cables. 
Tensile tests are not made on insulation less than 142 in. 
° Except for conductor insulation less than 42 in., this may not be less than 65%. 
Sum of tensile and elongation must be 140%. 


nominal 14-in. wall and the 10-gage conductor insulated with a 
nominal 0.021-in. wall of compound meeting the specifications 
given in Table 1. 


Fic. 1—Conors or INSULATING CoMPOUND 


The colors of the insulating compound shall be in accordance 
with Fig. 1. 

Finish and Filler—The conductor shall be twisted with a 
maximum lay of 4 in. A suitable filler may be applied in twisting 
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so as to fill the interstices between the conductors to produce a 
circular cross-section. A suitable separator over the cable con- 
ductors is optional. 

Protective Sheath—A 1/,¢-in. minimum thickness jacket shall 
be applied over the cable eae or serve, if used. The jacket 
compound shall meet the specifications given in Table 2 

Cold Test—A suitable length of cable shall be subjected to 
—20 F for a period of 4 hr. While still in the cold cabinet, it shall 
be bent 360 deg around a 3-in. diameter mandrel. Jacket insula- 
tion must not crack. 

Finish—The finish of the cable shall be smooth and free from 
defects, and adjacent layers shall not stick together when wound 
around a spool at any temperature below 120 F. The finish 
diameter of the cable is to be 0.690 + 0.020 in. 


Inspection—Cables shall be free from open circuits or twisted 
conductor splices. 


Electrical Connector for 


Truck-Trailer Jumper Cable 


TABLE 2—Specifications for Jacket Compound* 


At 60 C 

Recovery, in.. pias Pr Rate MCS oe (Ske 
Hiongation toh OT Tes tle BC Oe ek SO 
Tensile Strongehip psi.. .| 1500 
Oxygen-Bomb Aged (96 ce aft 70 C, 300 pee Bionea 

tion, % original.. ‘ 70> 
Oxygen-Bomb Aged (96 tir a 70 reo 300 pete Tonsil 

% original. . : 70» 
Air-Oven Aged (168 he ie 70 ©), Tengile and Montes 

tion, % original.. 70.8 
Oil Immersed (18 hr “at 121 o, enaile sted Bonet 

tion, % original......... neice Ic A 60° 


® Underwriters’ physical requirements for insulates on approved cables 

b Except for conductor insulation less than 42 in., this may not be less ‘than 65%. 
Sum of tensile and elongation must be 140%. 

°SO and SJO types only. 


SAE Recommended Practice 


Report of Electrical Equipment it veaniot Committee approved January 1951. This SAE Recommended Practice conforms to ATA Recommended 


Equipment Specification E-1—1950 


Scope—This SAE Recommended Practice covers the details, 
dimensions, and design of the parts of both cable plug and trailer 
receptacle which must mate properly to permit interchangeable 
use of different makes of connectors. Also included is a uniform 
wiring pattern for trailer electrical circuits and their connection 
to specific contacts in the connector socket and cable plug. 
(See SAE Recommended Practice for Semi-Trailer Brake-Con- 
nection Locations.) 

Definitions—The receptacle is the complete unit permanently 
attached to the nose of the trailer, consisting of connector socket, 
its external housing, and a cover which latches to the cable plug. 

The connector socket is that portion of the receptacle which 
carries the external contacts. 

The cable plug is the round plug attached to the end of the 
towing vehicle’s electric jumper cable and containing the internal 
contacts. 

The wire color iden refers to color identifying marking in or 
on the outside insulation of the wire conductors. 


Trailer Wiring Circuits 


Conductor Wire 
Number Color Lamp and Signal Circuits 
it White Ground return to towing vehicle 
2 Black Marker and clearance lamps (required 
by ICC at or near top of trailer) 
3 Yellow Left-turn directional signal 
4 Red Stop lamp 
5 Green Right-turn directional signal 
6 Brown Tail lamp, three-bar marker lamps, and 
other clearance or marker lamps 
7 Blue Auxiliary circuits 


Details of Receptacle—Fig. 1 gives connector-socket details. 
The receptacle shall be provided with a weather-tight cover 
attached to the connector socket or external housing and provided 
with a latching device which shall make engagement with the 
back end of the index lug of the cable plug (Fig. 2). The receptacle 
cover shall be so constructed that it will latch properly without 
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MOUNTING HOLES a MIN. DIA, 
FOR 2 BOLTS 


t 
ie MIN. RADIUS 


EXTERNAL CONTACT NO.1 4 SOLID ROUND STOCK 


EXTERNAL CONTACTS NO. 2 TO7 INCLUSIVE 2 SOLID ROUND STOCK 
% NOT LESS THAN THIS DIMENSION 


Fic. 1—ConneEctor Socket 
The contacts are numbered clockwise when looking into the open 
end of the socket 


THIS ANGLE TO BE BETWEEN 
VERTICAL AND 30° AS SHOWN 


6 
SPRING LOADED 
*NOT LESS THAN THIS DIMENSION . 


Fig. 2—Casie Piue 
The contacts are numbered counterclockwise when looking into 
the open end of the cable plug 


interference to a cable plug not more than 1}4 in. in diameter, 
regardless of the plug’s length, when such a plug is properly 
engaged with the connector socket. 

Flush mounted receptacles are preferred. 


Cable Terminals 


The connector ‘socket shall be so constructed that No. 12 
B&S gage wire may be connected to all the 34,-in. external 
contacts and No. 10 B&S gage wire may be connected to the 
14-in. external contact (Fig. 1). (In cases where the 14-in. contact 
is directly grounded to the receptacle, no provision for. attaching 
a wire need be provided.) 

All electric current carrying parts of the connector socket shall 
be made of brass or bronze. : 

All steel parts of the receptacle shall be protected against 
rusting by a protective coating of metal. 

Details of Cable Plug—Fig. 2 gives cable-plug details. 

The force required to connect or disconnect the cable plug 
and the receptacle or connector socket shall be, within reasonable 
limits, consistent with providing proper electrical connections 
between the external and internal contacts. 

An assembled cable plug and trailer jumper cable shall be so 
constructed that they will not be damaged by resisting a straight 
pull of at least 150 lb applied to the jumper cable. All cable 
plugs shall incorporate a strain-relief device (to ease the tension 
on the:electrical connections between the internal contacts and 
the jumper cable conductors) capable of resisting without damage 
a tension of 150 lb applied to a specific cable properly attached 
to the plug. 

The cable plug shall incorporate an index lug which shall have 
the dimensions shown in Fig. 2 and which shall also make pro- 
vision for engaging the latch of the cover as specified in Details of 
Receptacle. 

The plug shall be so constructed that No. 12 B&S gage wire 
may be connected to all the 3/.-in. internal contacts and No. 10 
B&sS gage wire may be connected to the 14-in. internal contact. 

All electric current carrying parts of the cable plug shall be 
made of brass or bronze. 

All steel parts of the cable plug shall be protected against rust- 
ing by a protective coating of metal. 

Location of Receptacle on Trailer—The trailer electric jumper- 
cable receptacle shall be located approximately 18 in. above the 
fifth-wheel plate on the front centerline of the nose of the trailer. 
The receptacle shall. be above and between any brake-hose 
couplers mounted on the nose of the trailer. The receptacle shall 
be mounted so that the axis of the connector socket does not 
incline above the horizontal at the open end, and is parallel with 
the longitudinal centerline of the trailer. 


SAE Standard 


Report of Electrical Equipment Division approved August 1918 and last revised by Electrical Equipment Technical Committee January 1946, 


[This SAE Standard was set up to eliminate unnecessary varia- 
tions in sizes and types of terminals for electrical connections. The 
types and number of sizes in each type are considered adequate to 
meet all requirements in automotive equipment. In order to keep 
down initial cost, the terminals have.been laid out to require a mint- 
mum number of die sets.] 


Terminals shall be free from burrs, sharp corners, corrosion, 


or any foreign matter. The temper of the terminals shall be 
sufficiently soft to permit the terminal’s being assembled with 
the wings closed and not show any fracture or cracks which would 
impair the strength of the assembly. 
The tolerance on fractional dimension shall be +0.010 in. 
Materials should be brass or copper. 


(Continued on next page.) 


(Continued on next page.) 
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TABLE 1—Stud or Screw and Hole or Slot Sizes 
SAE STUD OR SCREW SIZE A, Oe pe pees meee lg o3 SAE STUD OR SCREW SIZE A, OLE FRADE aaa ae os 
Number Number 
Nom Max Min Max Nom Max Min Max 
1 4 0.1120 0.123 0.127 6 ve 0.3125 0.342 0.346 
2 6 0.1380 0.144 0.148 7 3¢ 0.3750 0.404 0.408 
3 8 0.1640 0.170 0.174 8 Yes 0.4875 0.466 0.472 
4 10 0.1900 0.201 0.205 9 A 0.5000 0.528 0.534 
5 \% 0.2500 0.279 0.283 
maa Sk 
FG H = of —} 
LM. 
Rad 
Fic. 1—Srraicur-Tyre Kyen.er TERMINAL 
TABLE 2—Siraight-Type Eyelet Terminals 
SAE SCREW a B | F G H uM P R 
Number SIZE | c D a4 
Min Max 
To use on SAE No. 18 and No. 20 wire 
A001 4 0.123 0.127 
1 V2 Z 3 3 15, 5 
A002 6 0.144 | 0.148f | "2 8 As " 4a | 82 \~ |» 0:0R2 ees 
A003 8 0.170 0.174 
A004 10 | 0.201 | 0.205f | 782 | 4 "As i van 28 ia 0 
A005 A 0.279 0.288 i 4 : 4 A “iis z 5 
To use on SAE No. 14 and No. 16 wire 
B101 4 0.123 0.127 %o 34 Bo 346 4% 2160 346 46 0.032 4 
B1i02 6 0.144 0.148 
B103 8 0.170 0.174 lo 1X6 lé9 14 4% 2M 346 He 0.032 He 
B104 10 0.201 0.205 : 
B105 A 0.279 0.283 Ne 1% Yo YY 4% 2Veo 346 4% 0.032 34 
B106 He 0.342 0.346 ll, 1 Yo VY 4% 21é6 346 vA 0.032 Keo 
B107 34 0.404 0.408 14 1140 Yo A Vy 2165 346 yy 0.032 4% 
To use on SAE No. 10 and No. 12 wire 
B203 8 0.170 0.174 
B204 10 0.201 «a "782 “is | Ya Ae " "a | “ 0. 
B205 y% 0.279 0.283 Ke 1% Yo Keo 56 2149 % A 0.040 3% 
B206 He 0.342 0.346 li, ip Yo Ke 56 2169 \% Ke 0.040 Ke 
B207 3¢ 0.404 0.408 lig 12 leo He 56 27140 4% He 0.040 4 
B208 Yeo 0.466 0.472 lis 1 Yo 46 56 2166 Y% 46 0.040 5% 
B209 4% 0.528 0.534 13/6 1349 Yo He 5% 2140 Y% Ke 0.040 54 
To use on SAE No. 8 wire 
B304 10 0.201 0.205 Ke 1g lléo 36 13/6 1 46 Ye 0.045 He 
B305 yy 0.279 0.283 AG 14g 1léo 36 13/6 1 He He 0.045 3¢ 
B306 He 0.342 0.346 lig 1346 lg 3¢ 13/6 1 Ho He 0.045 Ke 
B307 36 0.404 0.408 13/6 1% lle 3¢ 1346 1 de 3% 0.045 4% 
B308 Ye 0.466 0.472 13/6 16 llge 36 1346 1 He 3¢ 0.045 5% 
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Fig. 2—Orrset-Tyrr HyrLet TERMINAL 


TABLE 3—Offset-Type Eyelet Terminals 


A 
cone SCREW SIZE B C D F G ye 6 M PB! R 
Min Max 
To use on SAE No. 4 and No. 6 wire 
C404 10 0.201 0.205 Ne le 1lgo A 1346 14% He 0.045 3% 
C405 \% 0.279 | 0.283 XK 1% 135 \% 1346 1% ie 0.045 Ke 
C406 He 0.342 0.346 Ke 16 1lg6 14 13/6 1% Ke 0.045 4% 
C407 34 0.404 0:408 13/6 l%e 1lgo 4% 13/6 1% 34 0.045 4% 
C408 Ke 0.466 0.472 13/6 16 1lléo A 13/6 14 3¢ 0.045 4 
C409 4% 0.528 0.534 16 jllg 1lgo Ve 13/6 1% 34 0.045 xB 
agai 
Fig 3—SrraicHt-T ype SpaADE TERMINAL 
TABLE 4—Straight-Type Spade Terminals 
: A 
SAE Number) SCEEW B GC D F G H | J | K M | P R 
Min | Max 
To use on SAE No. 18 and No. 20 wire 
H003 8 | 0.170] 0.174] 0.368| | , i : . ae ? : : vs 
H004 | 10 | 0.201) 0.205 ae Ae oe | Ae | 7 CSB Aaa BEZAS. gly 792001), 0 08 74 
To use on SAE No. 14 and No. 16 wire 
H103 8 0.170 | 0.174) 0.365 
13 7 1 i, 21 3 y“ 3 5 
H104 | 10 | 0.201 | 0.205 ee As | 4a | i ‘© 42 | As | be oe tee ieee 
To use on SAE No. 10 and No. 12 wire 
H203 8 | 0.170| 0.174 | 0.365 3 5 = : a < ys P . 
1204 | 10 | 0.201} 0.205 ca Ag | 73a | Ae | 36 A CN: eg i oN Mea ee 


(Continued on next page.) 


“654 CABLE TERMINALS 
8 B 
ami 
P Left Hand Right Hand 
» Fig. 4—Sipe-Type Spape TERMINAL 
TABLE 5—Side-Type Spade Terminals 
SAE 4 ieee 
Minibore ee B De z F G H J K L u ie 
Min | Max 
To use on SAE No. 14 wire or smaller 
M103 8 0.170 0.174 0.370 A 
Mio4 | 10 | 0.201 ioe ‘2 | 74 ve 762 | Moa’ | 8764 | O78 | eo || eae | 8 
To use on SAE No. 10 and No. 12 wire 
M203 s | 0.170| 0.174 0.370 -| 5 
M204 | 10 | 0.201 aay "782 “A a " fey | “he | 8 “we | #8 4a ae 


(Continued on next page.) 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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ae = 3 
i 
if Left Hand Right Hand 
Fig. 5—Si1pr-Typr Kyser TERMINAL 
TABLE 6—Side-Type Eyelet Terminals 
SAE SCREW - ft 
Number SIZE B c D & F G H J K L iu P 
Min Max 
To use on SAE No. 14 wire or smaller 
1 5 5 0.308 1 9 39 23 9 5 5 
K101 4 0.123 | 0.127 Yo He | %%2 | 9 313 Yea Ya %a 342 | %e Yea 50 0.032 
K102 6 0.144 | 0.148 0.370 
K103 8 0.170 | 0.174 1lgo 3% 346 0.375 549 540 39% 4 2346 %o 564 ee) 0.032 
K104 10 0.201 | 0.205 0.495 
K105 y% 0.279 | 0.283 1345 4 y 0.505 346 V4 4364 2546 %o Ya eo 0.0382 
0.620 
K106 54, | 0.342 | 0.346 | De | P46 |i e300 | 4 % 2540 | 1246| ba 5h0 0.040 
0.745 
K107 3 0.404 | 0.408 5% 34 34 0.755 He 1lgo 2% Xe 54 a 540 0.040 
To use on SAE No. 10 and No. 12 wire 
A 0.370 y 5 7 5 
K203 8 0.170 | 0.174 1llgo 36 346 0.375 1g 540 4164 % Ke 4 Ko 0.040 
K204 10 0.201 | 0.205 0.495 
K205 % 0.279 | 0.283 AG % % 0.505] Ke Ya 64, | 1542 4 % Vey) 0.040 
0.620 
K206 He 0.342 | 0.346 | %e % | 46 | 9 639 M4 %o 6464 | 42 ve) 4% V2 0.045 
74 £ 
Ka07 | 3% | 0.404| 0.408 | 1%6 | % | 36 | Over | He | 12 | 12 | ie | 36 | % | Yea | 0.045 
| 
To use on SAE No. 6 and No. 8 wire 
K306 | 546 | 0.342 | 0.346) 0.745\ |. set a nie i . 
Bee e004) 0.408) |, 2%, | 84°] 36 [oczes{ | 1% | “762, | Vie | Ua) tsa | 242) Ae | 0.08 
_ K308 | %_ | 0.466 | 0.472 


(Continued on next page.) 


656 


CABLE TERMINALS 


Li 
male 
This Part of Terminal tes 
may be Formed up or HN oes 
down to any Desired Angle ~~ 


Fic, 6—linp-T ype Srartinc-CaBLe TERMINAL 


TABLE 7—End-Type Starting-Cable Terminals 


A 
NS we Bee NAS B c D E F G H P MATERIAL 
Min | Max 

To use on SAE No. 4 and No. 6 cable 
N405 4 0.279 0.283 AS 144 149 144 de 56 3g 0.091 
N406 He 0.342 0.346 lig 1% 1140 144 He 56 3¢ 0.091 Brass 
N407 3% 0.404 0.408 lig 14% 1léo 144 He x 36 0.091 
N408 Ke 0.466 0.472 34 1% 145 144 Ke 58 36 0.091 

To use on SAE No. 1 and No. 2 cable 
N505 4% 0.279 0.283 %e6 144 1lgo 15% 4% 56 1346 0.091 r 
N506 He | 0.342 0.346 lV 1% lo 15% 4% 5 1349 0.091 Brags 
N507 3% 0.404 0.408 Wg 14% lye 15% os 54 1345 0.091 
N508 V6 | 0.466 0.472 34 1% 1lgo 154 4% 5 1345 0.091 

To use on SAE No. 0 and No. 00 cable 
N606a 6 | 0.342 0.346 3% 16 36 13% 6 ll. A 0.091 
N606b He 0.342 0.346 3% 13% 34 1% Ke 14, 6 0.091 
N607a 3% 0.404 0.408 34 16 36 13% %6 W465 as 0.091 Conner 
N607b | 36 0.404 | 0.408 | % 134 34 134 %e 1K ve 0.091 PP 
N608a Ko 6.466 0.472 34 16 36 134 %6 lig ams 0.091 
N608b | Ke 0.466 | 0.472 34 13% 3% 1% %e We oo 0.091 
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Electrical-Instrument 


Binding Posts SAE Recommended Practice 
Report of Electrical Equipment Division approved June 1927 and last revised January 1945. 
[This SAE Recommended Practice relates primarily to electrical- ice requirements shall be No. 10—32 NF—2 or No. 8—32 NF—2 
instrument binding posts used in motor vehicles.] American Standard Fine Thread or both. For heavy-duty re- 
quirements, the binding posts shall be 44” —28 N—2 American 
The binding posts of electrical instruments for standard serv- Standard form. Both sizes shall be Class 2 fit. 
Sockets, Plugs, and Caps SAE Standard 


Report of Electrical Equipment Division approved August 1915 and last revised by Lighting Technical Committee January 1946. 


| All dimensions for the following plugs and sockets are the same as those given in Figs. 1 and 2, except where otherwise indicated. 


0.375 "Min Caen ag | 


0107 -6F” 


0. ee ges ik 7 


U Ww 

0316 | 76.067 2 ce 728-, ve 2/8" ad he IEG 
0.650 Min : ax ” y 

0350"Min ¢ of Pin Seats eased L_avof aoe 


“i 
ol be 0080" 406 


PLUG SOCKET 


¢ of Pin Seats 
PLUG SOCKET 


Fig. 2—Dovusie Contract 


¢ of Pin Seats 
PLUG SOCKET 


Fie. 3—Dovusie Contact, Orrset PIN 


(Continued on next page.) 
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re ae 250"Min Travel 
a 


0.39] ioctl | 
0.672”"Min 


PLUG SOCKET 


Fre. 4—Dovusise Enp, SHortT 


a 0.250'Min Travel 
peaenstton ¢ of Pin a\ 
1.156 Min 
PLUG SOCKET 


Fic. 5—Dovusie Enp, Lone 


a.szbiam °°? 


Pin Seats 


SOCKET 


Fie. 6—Turen-Way Orrsrer Pins, Laracr 


SINGLE CONTACT DOUBLE CONTACT 


Fic. 7—Bayonet Sockets, Ciosep-In Type 


(Continued on next page.) 
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0.297Min 
4076) | Travel 
Max 
i 0.015.171 9-920 
oie a a 


Fig. 9—MInIATURE BAYONET SOCKET 


Upper Filament 
G ee Beam) 


Lower Filament Ground 
(Upper Beam) 


Fig. 11—Sra.Lep-BEAM CONNECTOR 
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Sockets Receiving 
Prefocus-Base Lamps SAE Standard 


Report of Lighting Technical Committee approved January 1951. 


>| 0.516 |+MIN. CONTACT 
TRAVEL 


Fig. 1—Prerocus Socket ror Tyre E-1 Bass Fig. 2—Prerocus Socxer ror Tyre F-1 Bass 


0.350 MAX. 


MAJOR 
LOCKING PIN 


[x 


Ss Pee 0.072 
0.605 MIN. “ % 
0.8965+0.0015 % + f 0.075 
0.281 +0.009 0.175 
| 0.516 tee 


| 
Fig. 3—Prerocus Socker ror Tyre F-2 Base Fig. 4—Degrait or Lockine PIN 


.218 MAX. 


° 


MIN.CONTACT 
TRAVEL = Dok 
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Electric Fuses 


SAE Standard 


Report of Electrical Equipment Division approved January 1914 and last revised by Hlectrical Equipment Technical Committee March 1950 


General Data—These fuses are intended primarily for auto- 
motive wire protection. They are not intended for apparatus 
protection. Automobile-radio manufacturers generally insist on 
more rigid specifications to insure satisfactory protection. 

The length of contact surfaces specified are to insure sufficient 
contact for the fuses to operate properly. The fuse tube shall be 
of clear glass permitting the fuse strip to be seen readily. 

The minimum length of fuse shall be the distance from the 
ends of the contact surface of the caps, and the maximum length 
shall be the distance overall. Caps shall be of nickel or cadmium 
plated brass or copper, they shall be tightly attached to the 
glass tube, and the ends shall be square and free of solder. 

The completed fuse shall be capable of being passed through 
a tubular gage as long as the fuse itself and having a uniform 
hole of 0.258 in. diameter. Table 1 and Fig. 1 give fuse capacities 
and dimensions. 

Rating—The rated ampere capacity of each fuse shall. be 
marked on one of the caps. A fuse of any other than the stand- 
ard ampere rating shall be of the same dimensions as for the fuse 
oi the next larger standard size. Fuses will be rated at 32 v. 

Tests—All fuses shall carry 100% of their rated current con- 
tinuously and shall blow at 125% load in less than 1 hr, and 
within 25 sec at 200% of rated load. The test shall be made in 


Voltages for Diesel 
Electrical Systems 


Fig. 1—Fust DIMENSIONS 


TABLE 1—fuse Capacities and Dimensions 


SAE capacity, amp pine ye I NGTHs | winiwum C, IN. Geneenesu Ps MS 
4 % M 0.008 
6 34, M 0.008 
9 K% MY 0.008 
14 M6 yy 0.008 
2 4 Me 0.008 
30 1lKe 3% 0.015 


an ambient temperature of 65 to 90 F (18 to 32 C). The test is 
to be made with fuses in the horizontal position. Fuses tested at 
rated current may be used for the overload test. 


SAE Recommended Practice 


Report of Electrical Equipment Division approved January 1939 and last revised January 1945. 


[This SAE Recommended Practice is intended to apply to lamps, 
batteries, heaters, radios, and similar equipment for operation with 
mobile or automotive diesel engines. Twenty-four volt systems have 
long been used for heavy-duty services because 24 v permits operat- 
ing 12-v systems in series-parallel. Thirty-two volt systems have been 
used for marine, railroad-car lighting, and other uses.| 


Generators, storage batteries, starting motors, lighting, and 
auxiliary electrical equipment shall be for nominal system rat- 


ings of 12, 24, or 32 v as determined by the power requirements 
of the application. It is recommended that no intermediate volt- 
ages be considered except that a 30-v system may be used when 
cranking requirements permit and no lighting or auxiliary ele, 
trical equipment is involved. 

The combination of a 24-v starting motor and two 12-v bat- 
teries connected in series for cranking and reconnected in parallel 
for charging from a 12-v generator and for operating lights and 
other auxiliary equipment is considered practical where it can 
be adapted to the installation. 
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Storage Batteries 


SAE Standard 


Report of Electrical Equipment Division approved January 1914 and last revised by Electrical Hquipment Technical Committee June 1949. 


[The specifications in this Standard apply to types of batteries 
used in motorboats, motor vehicles, tractors,.and automotive indus- 
trial applications for 6- and 12-v electrical requirements. Multiple 
units of these types may readily be used for-higher voltage require- 
ments. 


Supplementary notes describing two types of equipment for con- 
ducting life tests, materials required, and general directions for 
assembling the life-test equipment may be found in the 1947 SAH 
Handbook and earlier editions.) 


Application—This Standard is intended to apply only to lead- 
acid storage batteries for automotive purposes. 

Testing Procedure—Capacity ratings are to be determined by 
the procedures outlined under Sampling, Conditioning, and Se- 
quence of Tests. Battery classifications, ratings, and dimensions 
are given in Table 1. ; 

Sampling—Five batteries shall be selected as a sample for 
tests.. The age of the sample from date of manufacture shall be 
not less than ten nor more than sixty days. 

Conditioning—Charging Rate—The battery shall be charged 
at the 20-hr rate until the charge voltage and specific gravity, 
corrected for temperature, are constant over three successive 
readings taken at 1-hr intervals. 

Electrolyte Temperature—During the period of charging, the 
electrolyte temperature shall be maintained between 60 and: 
110 F. 

Specific Gravity—The fully charged specific gravity of the 
electrolyte shall be 1.280 to 1.300 at 80 F, and the electrolyte 
level shall be not less than 3¢ in. over the top of the separators 
unless otherwise specified by the manufacturer. 


Sequence of Tests 


1. Charge battery according to the methods given under Con- 
ditioning before each discharge. 

2. Discharge at the 20-hr rate to an end terminal voltage 
equivalent to 1.75 v per cell. 

3. Discharge at 300 amp at 0 F to a terminal voltage equiva- 
lent to 1 v per cell. Record voltage at 5 sec (30 sec for Group D 
batteries) and discharge time in minutes to end terminal voltage. 

4. Repeat Step 2. 

5. Repeat Step 4. 

6. Perform life tests. 

The highest values obtained in this sequence shall be accepted 
as the performance of that battery. Batteries which test less 
than 95% of any rating claimed will be examined for mechanical 
defects, and if such a defect is present the test data will be dis- 
regarded and another sample battery taken. 

Ratings—Batteries for combined starting and lighting service 
shall meet the ratings shown in Table 1. The 20-hr rating in- 
dicates the parking-lamp load of automotive-type hatteries. The 
final terminal voltage for the above discharge shall be equivalent 
to 1.75 v per cell at 80 F. The temperature of the battery at the 
beginning of such discharge shall be 80 F, and an average tem- 
perature of 80 F shall be maintained during discharge with a 
maximum variation of plus or minus 5 F. 

The second rating shall indicate the cranking ability of the 
battery at low temperature and shall be: (a) the time in minutes 


when the battery is discharged continuously at 300 amp to a 
final terminal voltage equivalent to 1 v per cell, the temperature 
of the battery electrolyte at the beginning of such discharge be- 
ing 0 F; and (b) the terminal battery voltage at 5 sec for auto- 
motive types or at 30 sec for diesel types. This discharge at 300 
amp shall be made after standing in a fully charged state in an 
atmosphere of 0 + 1 F for not less than 24 hr. 

Cycling Life Test—Batteries of all sizes shall be discharged for 
1 hr at approximately 40 amp for a total of 40 amp-hr and re- 
charged at the rate of approximately 10 amp for 5 hr for a total 
of 50 amp-hr. The total time for one complete cycle is 6 hr, 
which permits’4 cycles per day or approximately 27 cycles a 
week. The average temperature of the electrolyte of the center 
cell shall be maintained at 110 +5 F during the life cycles: In 
order to determine the condition of the battery throughout the 
duration of this life test, one complete capacity discharge test is 
made each week at 40 amp. The length of time in hours required 
for the battery voltage to drop to a final terminal voltage equiva- 
lent at 1.70 v per cell while discharging at 40 amp, multiplied 
by 40, gives the ampere-hour capacity of the battery at this 
rate. 

When the capacity of the battery on a complete capacity dis- 
charge cycle, at the 40-amp rate, drops below the ampere-hours 
equivalent to 40% of the ampere-hours rated by the manufac- 
turer at the 20-hr rate, the life test of the battery shall be con- 
sidered completed. The point of failure shall be determined by 
plotting the ampere-hour discharge capacities. If a check is de- 
sired on the ability of the battery to maintain its cranking abil- 
ity at low temperature during the cycle life testing, discharges 
shall be according to Step 3 of the Sequence of Tests at two, 
five, eight, and each three weeks thereafter until the end of 
cycle life testing. The complete capacity discharge test is omitted 
in the week of the cold-cycle test and each cold test is counted 
as a life cycle. Recharge after 300 amp discharge shall be 7.5 
amp for a period equal to 1 hr for each minute discharge at 300 
amp. 

A complete capacity discharge cycle should not be made after 
the battery has stood on open circuit without a freshening charge 
of 1 hr at 10 amp for every 24 hr on open circuit. 

Water should be added as required, except that no water should 
be added just before the complete capacity discharge cycle. 

Overcharge Life Test—This test was designed to provide more 
overcharge than that covered in the cycling life test. A charge 
of 990 amp-hr is given, followed by a discharge capacity check, 
thereby representing one week’s testing on a continuous basis or 
one complete life unit. The procedure for a life unit is as follows: 

(a) 990 amp-hr of continuous charge is given at 9 amp, re- 
gardless of battery size, with batteries in a water bath as speci- 
fied in (b). 

(b) The battery is given a 48-hr stand on open circuit in a 
water bath. 

(c) A 300-amp discharge check rate is given at the battery 
temperature obtained in (b) to an end voltage equivalent to 
1.20 v per cell or a minimum discharge time of 30 sec, which- 
ever occurs first. 

(d) Repeat (a) to (c) without separate discharge. 

(e) The overcharge life test shall be considered completed 


STORAGE BATTERIES 663 
/ TABLE 1—Battery Classifications, Ratings, and Dimensions 
ASSEMBLY MAXIMUM OVERALL DIMENSIONS®, BE ee eee VALUES 
IN. 
SAE 300 toF 
RECOMMENDED SERVICE No. PicLiES Ampere-hour : ae Life cycles, | _. entative 
mye Fig. pene: AS Height, ton neiete Samy yeeerolts minutes aby cveschites 
no. - v per cell vi 
With gasoline en- | 1M | Standard 1 6 4 74 94 90 3.0 4.0 250 4 
gines 1H | Standard aly 6 91g 7% 934 100 3.5 4.1 275 5 
2M | Standard 1 6 1034 74 914 110 4.0 4.2 300 6 
2H | Standard 1 6 1034 7% 934 120 4.5 4.3 325 7 
2L Reverse 3 6 1054 7546 8% 100 3.5 4.1 275 5 
2E Long 2 6 193g 41g 934 100 3.5 4.1 275 5 
2F Reverse 3 6 1054 746 934 120 4.5 4.3 325 7 
3H | Standard 1 6 113% 7% 934 130 . 5.0 4.4 350 7 
4H | Standard 1 6 13 7% 934 150 6.0 4.5 400 9 
7G> | Standard 1 6 167% 7% 10% 160 3.5 3.8 500 15 
4G> | Standard 4 12 21% 834 10% 120 1.2 6.8 400 11 
6G> | Standard 4 12 21144 10 10% 140 2.5 7.2 450 13 
8G> | Standard 4 12 214% 11k 10% 160 3.5 7.6 500 15 
30 sec volts e 
With diesel and gaso-| 7D Standard 1 6 16% 7% 10% 200 10.5 4.9 525 13 
line engines 4D Standard 4 12 214% 834 10% 150 6.0 9.3 400 9 
6D Standard 4 12 214% 10 10% 165 7.5 9.5 440 10 
8D | Standard 4 12 2144 114g 10% 200 10.5 9.8 525 13 


a 
b 


add 15% to the SAE cycling life. 


Note interchangeability of case size in G and D gro 


when the battery fails to meet (c). The battery shall meet the 
minimum life units (weeks) specified in Table 1. The number of 
life units (weeks) on test shall be computed to the last week in 
which the minimum time of 30 sec has been equalled or exceeded; 
that is, the week in which the battery failed shall not be counted 
in reporting the life units. 

(f) Water shall be added daily during charge to restore elec- 
trolyte level to normal. 

Test Equipment and Specifications—Tank—The tank shall be 
a lead-lined metal tank, 10 in. inside depth. The immersion of 
batteries shall be to a 6-in. depth. The battery supports are to 
be two wooden strips 1 in. high and 114 in. wide, running the 
length of the tank, and so spaced that they will insulate the 
battery from the bottom of the tank. The tank shall be of suffi- 
cient size to permit a minimum of 1-in. battery clearance on all 


Fig. 3—REVERSE ASSEMBLY 


groups. 
Ratings for G-type batteries are for double insulation. When double insulation is used in other types, deduct 10% from the time and voltage ratings at 300 amp at 0 F and 


sides. Means shall also be provided for thermostatically control- 
ling water temperature at 100 + 5 F. 

Electrical Equipment—This may be as desired to provide 9 amp 
direct current for charge and 300 amp direct current for dis- 
charge. 

Double Insulated Batteries—Double insulation is defined for 
the purpose of this Standard as the use of a retaining sheet of 
porous or perforated material between the positive plate and 
the customary single separator. 

Location of Battery Parts—The location and polarity of the 
terminal posts and the position of handles, when used, shall be 
as shown in Figs. 1 to 4. 

Type Designations and Markings—Type letters, number, or 
symbols, which shall enable the user to determine ratings from 
the manufacturer’s catalogs, shall be stamped or molded on the 


(eo Sees] v 
ee ee | 


Fig. 2—Lona AssEMBLY 


H 


Fic. 4—MororcoacHh ASSEMBLY 
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case or cell connectors or on a name plate permanently attached 
to the end or side of the battery, or the ampere-hour capacity at 
the 20-hr rate shall be molded on the side or end of the con- 
tainer. 

-Grounding—The storage battery should be securely and ade- 
quately grounded. All contact surfaces in the grounding circuit 
should be clean, tinned, and free from oxide or paint. The ground 
connection from the battery should be readily accessible for 
servicing. 


Starting-Motor Circuits 


Terminal Posts—Polarity shall be plainly marked as follows: 
The positive post shall be marked Pos or P or +. When taper 
posts are used for terminals of lead-acid storage batteries, the 
dimensions in inches shall be as follows: 


Small diameter of negative post.................00.00: 5€ in. 
Small diameter of positive post......¢............+00- 1i4¢ in. 
Minimum length of taper. 222..es. . see eae eee 5g in. 
Taper per foot, included angle....................+--- 144 in. 


SAE Standard 


Report of Electrical Equipment Division approved January 1932. 


The starting-motor circuits in motor vehicles shall be designed 
so that the difference between the voltage at the storage-battery 
terminals and the voltage at the starting-motor terminals shall 


Starting Motors 


not exceed 0.12 v per 100 amp, with the circuit at a normal 
temperature of 68 F. 


SAE Standard 


Report of Electrical Equipment Division approved August 1917 and last revised January 1945. 


Mountings may be used for either right-hand or left-hand 
applications. 

Outboard Installations—When teeth are cut in the flywheel, 
the full depth of hobbing should be 7% in. If a steel ring gear 
less than 7% in. wide is used, a clearance should be provided to 
a depth of % in. for the pinion mesh. 


Flywhee/ 
Housing 


Terminal-Post Sizes for Starters and Starter Switches—The 
threads on terminal posts shall be as follows: 


For Io ht yt Veo.acaad tet tice eceeiee wee oe eee 546’—18NC—2 
For, medium and heavy duty... 2... -0)-5.400 ee 3g” —16NC—2 
Roriextzuacheavye Gubys at. came ien nies Tene 4” —13NC—2 


j Y Rad 
— Lou <7 
Clearance es 
peal ; 
Vtch Circles ; 
‘O15"to 025" € Through ae 
Flywhee/ 


_ Fig. 1—3-Bour Frances Mountine, OurBoarp Type, No. 1 Frances, Meprum Dury 


(Continued on next page.) 
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Clearance 
Between 
Pitch Circles 
0/5" Fo .025" 


/3 
32 Diam 


Fie. 2—3-Boutt Fuance Mountine, OutBoarp Tyrsr, No. 2 Fuance, Mrepium-Heavy Duty 


14 


53 Max 


/ jp Min 

S ? 

AM | 
4 


Z 


ig Radl on [ 

16 

Starter \_ 
Pinion oO 
Housing 


Pitch Circles 
.018 to .025” 


re ¢ Through 
1Min Fly wheel 
Fig. 3—3-Boir FLaner Mountine, OuTBoarD Tyrpsr, No. 3 Fuanen, Extra-Heavy Duty (The mounting bolt-hole diameters may be: :: 
1%» or 7)» in.) 


Clearance 
Between 

Pitch C: ircles. 
.015"to 025" 


Fie. 4—2-Botr Fuance Mountine, OursoarD Typ 


(Continued on next page.) 
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Fic. 5—2-Boitr France Mountine, Inspoarp Type 


Starter Pinions and 
Ring Gears 


Clearance 
Between 
Pitch Circles 
0/5 "Fo .025" 


SAE Recommended Practice 


Report of Electrical Equipment Division approved August 1917 and last revised January 1945. 


Fig. 1 illustrates and shows dimensions of starter ring gears 


and pinion. Table 1 gives dimensions and uses of starting-motor 
pinions. 


Ring-Gear Hardness—Laght and Medium Duty—Hardness for 
carbon-steel ring gears is to be Rockwell C42 to C49 after assem- 
bly with flywheel. 


Heavy Duty—Hardness for case-hardened steel ring gears is to 
be Rockwell C48 to C52 after assembly with flywheel. 


Extremely Heavy Duty—Hardness up to Rockwell C60 may be 
desirable after assembly with flywheel. 


AZ, 


No Radius or Chamfer at 0D on 
Plain Carbon-Steel Gears 
.010"-.020" Radius on Carhurized 
and Hardened Gears 


Measure Hardness Max Height 
at Pitch LinetZ” of Runout of 
Land must be Cutter on Sidle 
Smooth and of Tooth 

Free from 

Too/ Marks 062"~.094" For Lightand 


Medium-Duty Starters. 
-094'-.125" For Heavy= 
Duty Starters 


TABLE 1—Starting-Motor Pinions 


OUT- PRESSURE 
NO. OF TEETH | PITCH Kee ee aan gp oe’ pact 
Giasonsnivees 10/121. 167|1.000/0.787; 20  |0.190| Light duty 
Ob seek ed 10/11/1.204/1.0000.812} 1414 |0.196| Light duty 
11 or 10¢..| 8/10|1.575|1.375/1.143) 20  |0.216) Light duty 
issn 8/10|1.825|1.625/1.393) 20 [0.216] Medium duty 
12 or 11¢..| 6/8 |2.250.2 


® Pitch diameter is for layout purposes. 
b This is 9-tooth pinion cut on standard 10-tooth blank. 
© This is 10-tooth pinion cut on standard 11-tooth blank. 


4 This is 11-tooth pinion cut on standard 12-tooth blank. 


.0/5"-.025" Desirable Clearance 
Between Pitch Circles on Completed 


Installation with Starting Motor and Vas . 
Starter Drive Assembled to Engine 45 


S tarter-Drive 


‘Chamfer on 
Non-Pressure 
Side of Teeth 


Stee/ Flywheel Gear 


Backlash (Approx ) 
Min 015 Max .035" 
Machine-Be// Housing Center 
Distance to .0/5"=.020” Greater 
than Theoretical Center Distance 


Fie. 1—Srarter Rina GEARS AND PINION 


USE 


.000/1.710) 20 0.270; Heavy duty 
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Starting-Motor 
and Generator Curves 


Report of Electrical Equipment Division approved January 1945. 
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Fig. 2—STranpArD Form ror Starting-MotTor CHARACTERISTIC 
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SAE Recommended Practice 
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STARTER TERMINAL VOLTS 


i) 
0 100 200 300 400 500 600 700 800 900 1000 
STARTER AMPERES 


Fie. 1—VouitTace Curves ror STARTER TESTS 


Fic. 3—GENERATOR TEST CURVES 


The maximum voltages of 8, 15, or 30 should be used in calculating 
wattage ratings of generators. Voltages shall 
remain constant above 10 amp. 


668 GENERATOR MOUNTINGS 


Generator Mountings 


SAE Standard 


Report of Electrical Equipment Division approved August 1917 and last revised January 1945. 


Fig. 1 shows a flange-type generator. The flange mounting 
shall be provided with a pilot when used with a gear drive and 
with slotted holes to allow for adjustment when used with a chain 
drive. In the latter case, the hole in the gearcase should clear the 
puot. 

Fig. 2 shows a cradle-mounted type generator. If a ventilating 
fan is required, consult manufacturer for integral fan and pulley 
dimensions. 

Fig. 3 shows a base-mounted type generator in the small size. 
This generator shaft end is suitable for all sizes of generator ex- 
cept in special instances where small generators, naturally not 
suited to this Standard, may be fitted with the SAE Standard 
magneto shaft end. 


Recommended 
Hub Length 


- au” 
zs Dia Hole 


a skis 77 


Se 


Fig. 4 shows a base-mounted type generator with large diam- 
eter. If a ventilating fan is required, consult manufacturer for 
integral fan and pulley dimensions. 

Figs. 5, 6, and 7 show hinge-mounted type generators. If a 
ventilating fan is required, consult manufacturer for integral fan 
and pulley dimensions. 

Generator Terminal Posts—Field terminal-post threads shall 
be No. 10—32 NF—2 minimum. Armature terminal-post threads 
shall be 5{,”—18 NC—2 (except for generator in Fig. 5). Ter- 
minal posts may be located radially or longitudinally on the gen- 
erator frame. 

Tables 1a and 1b give dimensions for generators and for arma- 
ture terminal-post threads. 


Fig. 1—FLANGE Typs 


46 


45 Termina Cradle Range 
i “6 Range | 


-/20" Dia Hole 


The $18 NFB 


Recommended 
Hub Length 
Including Fan 


SECTION A-A 


Engine 


Fic. 2—Crapite-MountTep Typz 


32 
Deep-3 Holes 


(Continued on next page.) 
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Engine 
Clear. 
N 


u” 


Woodlruf¥ key, 8xz 
Thal j5- 20NF2 


Fic. 3—BasrE-MountTEep TypE, SMALL S1zB 


Tap 2-/6 NC2 
4 Gioles 


engime 
Clear 


Fic. 4—Base-MountTep Type, 
Larce DIAMETER 


38 3 
102"Max is a 7S. | 
ig : 690" Fis 
sarap! 598" Tap 3 -/3 NC2 
Hub Len 4; «2/6 ine apts, - 
jrcluning Fan’ .2/q" 4 ep ole 
SECTION A-A © Ix * This dimension may be changed if required by application. 


(For Fig. 5, see next page.) 


ie , 
3p Dia or Tap# 
20 NF2 


, 


120” Dia 


Fic. 6—Hince-Mountep TYPE 


Recommended 
Hub Length 
Including Fan 


(Continued on next page.) 
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Shatt Extension 
Design No./ 
Woodruff 
/ 
Recommended Hub Shatt Extension Design No.2 
Length Including Fan 20 tpi AM (Nat ) Thal 
= 6315" p- ; 
1605 uw Pitch Dia 
eit -6365 
Fig. 5—Hinee-Mountep Type 
TABLE la—Generator Dimensions and Armature Terminal Posts 
nig B, max G D E F @ H THREADS, J Key, K L, Max 
0.500 0.6684 44”-20 
*A6 i ; “782 0.536 "782 0.6690 As NE2 | % X38 | 546 
0.500 0.6684 16”-20 
546 ie : “7a 0.536 "782 0.6690 “As Nez | % X38 | Os 
0.549 0.8740 54”-18 z 
“56 oa 146 "2 0.568 “764 | 0.8745 82 NF2 | 2% % | @6 
0.950 0.300 0.7495 44”-20 
Fy 11 25 5 5 5 3 
SAs as ee 742 0.346 % 0.7500 732 NF-2 fa X % | 08 


® The hub length may be reduced on 5%6-in. diameter generators. 


TABLE 1b—Generator Dimensions and Armature Terminal Posts 


GENERATOR DIAM, A M N P, DEG THREADS, Q DIAMETER, R SHAFT EXTENSION 
4% 6 36 21546 3 or 546’-18 264 Design 1 or 2 
or 346 42 NC-2 
56 3% 34 8 546”-18 2M, Design 1 or 2 
Max Max NC-2 or 2%, 
*5%6 3% 3% 8 36”-16 29% 4 Design 1 
a NC-2 
*5%6 3% 3% 8 34”-16 2964 Design 1 
NC-2 


* The hub length may be reduced on 5946-in. diameter generators. 


(Continued on next page.) 


ARM. TERM. POST, 
MIN 


No. 12-24 NC-2 
No. 12-24 NC-2 
4"-20 NC-2 


4"-20 NC-2 
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}e—______—joj3" Max _____}. iB 


Recommended 
Hub Length 
Including Fan 


Fic. 7—Hinee-Mountep Trps 


Magneto Mountings 


SAE Standard 


Report of Miscellaneous and Electrical Equipment Divisions approved January 1913 and last revised by Tractor and Equipment Di- 


vision January 1941. 


[For vertical-type magneto mountings, see SAH Standard for 
Distributor and Vertical Magneto Mountings. For aircraft magneto 
mountings, see SAH Aeronautical Standards AS 12 and AS 138.] 


General-Purpose Magneto Mountings—Fig. 1, Fig. 2, and 
Table 1 give dimensions for magneto couplings and shaft ends. 
Fig. 2 and Table 2 give magneto-mounting dimensions. 


Magneto Couplings—Magneto couplings shall be 2%¢ in. long 
and shall have a maximum outside diameter of 3}4 in. 

Nonmagnetic Magneto Shims—When it is desired to use a non- 
magnetic shim with magnetos mounted on cast-iron pads, the 
shims shall be 44 in. thick, and high-strength bronze bolts shall 
be used. The thickness of the shims shall be added to the dimen- 
sion G@ when laying out the distance from the face of the mounting 
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pad to the center of the magneto shaft. A grid construction for 
the shims is considered preferable. 


Taper 15 
(Included Angle) 
4°30 (Approx) 


———————————— 


Fig. 2—MacGneto-MountTine DIMENSIONS 
Fig. 1—Macneto-CourLtinc AND SuHarr-ENpD DIMENSIONS A—Basr MowuntIne B—F.LaNncE Mountine 


TABLE 1—Magneto-Coupling and Shaft-End Dimensions 


— Se 


i SAE 
| | ee : so B Cc D E ee H.. 1 K “aoe “HEELS, 
! In. 0.7500] 0.7505 
i All service (1, 2, 4, and 6 cyl- 34-16 0.591] 0.591) 0.472) 0.591) xl 1.772) 2.375) 0.750/0.7490| 0.7495 34x54 
i inder) SSS 
i 19.050} 19.063 
: Mm | 9.53-1.58 |15.00 |15.00 |12.00 |15.00 _— 45.00 |60.32 |19.05 |19.025) 19.037 = 
] ee es Se 
i Motorcycle and lighting plant | In. 546-18 0.438) 0.354) 0.441) 0.512] 546x342 | 1.772) — = — = aa 
i fabibe oes! aes 
j Mm | 7.94-1.41 {11.11 | 9.00 |11.20 {13.00 — 45.00 | — = —~ — — 
Small stationary engine, base | In. 546-18 0.438) 0.354} 0.441) 0.512) 36x3g_ | 1.378) — = — = sss 
mounting | ——|—_|——_ 
Mm | 7.94-1.41 |11.11 | 9.00 {11.20 {13.00 = 35.00 | — = — = ca 
Small stationary engine, | In. 546-18 0.488] 0.354! 0.441) 0.512) 54—x3g_ | 1.378 — 
4 flange mounting || —_—_ ———__— 
Mm | 7.94-1.41 |11.11 | 9.00 {11.20 |13.00 — 35.00 | — = — = = 
{ TABLE 2—Magneto-Mounting Dimensions* 
ne ADVANCE TIMING-LEVER HOLES MAXIMUM MAGNETO SPACE? 
TYPE M N (6) ae naa LEVER : 
| ya EADS Tapped | Plain 32 Y Zz 
All service (1, 2,4, and6cylin- | In. 2.086 | 1.968 | 0.984 34-16 2.125 14-28 | 0.25 8 5 10 
der). Fig. 2A a) 
Mm | 53.00 | 50.00 | 25.00 9.53-1.58 53.98 6.35-0.9| 6.35 203 127 254 
Motorcycle and lighting plant. | In. 1.555 | 1.968 | 0.984 34-16 1.968 —_— 0.219 6 334 63% 
Fig. 2A ee oe 
Mm | 39.50 | 50.00 | 25.00 9.53-1.58 50.00 5.55 152 95 162 
Small stationary engine, base | In. 1.555 | 1.653 | 1.102 34-16 1.968 — 0.219 _— — = 
mounting. Fig. 2A i he 
Mm | 39.50 | 41.99 | 27.99 9.53-1.58 50.00 — 5.55 — — — 
Small stationary engine, flange | In. 1.404 | 1.875 | 1.687 Yeo 1.968 — 0.219 — == eis 
mounting. Fig. 2B SS 
Mm | 35.65 | 47.61 | 42.85 5.55 50.00 = 5.55 A _ -~ 


7 Dowel-pin hole dimensions, Rand S (Fig. 2), are not given in this Standard. 
X, Y, and Z are envelope dimensions. 


(Continued on next page.) 
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Flange Type for Tractors—The flange-type magneto mounting 
for use on tractors is shown in Fig. 3. 

When the bolt centerline of the flange mounting is horizontal, 
the adjusting slot shall be to the left when facing the driven end 
of the magneto. (See Fig. 3.) 


Distributor and Vertical 
Magneto Mountings 


19716 lap-ldleep 
Class 2 Fit 


Max Eccentricity of Pilot 

4 with Shaft 0.003" ,, 

| 1 (fot Inalicator 0.006) 
ally w v7 


L La 
2% max.on 
Driving Lugs 


440.000" 
a312"49.000" 


24 Max. 

~¥p'-16 NF-CI. 3 
Impulse Drive Lugs 
on Shaft £ within 


0.002" and Horizontal 
at Impulse Trip within2° 


4 -4-0.000" 
3.250 vO o0e 


Fig. 3—Fiance-Tyrer Maaneto Mounting ror Tractors 


SAE Standard 


Report of Electrical Equipment Division approved August 1917 and last revised January 1945. 


TYPE B 


Pilot 
i 0.4895 
ae q = | 6 0.4805 Shaft 
Break Edge Sls y pearl Bore of 
Gear may project y NS tl 0. Collar 
below or be ed eee us zu 
mounted high up 32 
on Shaft to meet 
conditions of job (ro.nor'r 
/D.JQ20/ Rad 
4895 af 
get Shaft N < re 
ee} Bore RRS a 12 Groove 
| = 7 
Max OD of es Pian 2122\ rogue 
€ of Tongue. 0./23 g 


lote:- Dimensions not shown for Type B, 03 
are the same as for Type a Offset 032 


Fig. 1—Sranparp MountTInNG AND DRIVES 


23 z 2 
As Desired 
f] : 


Pea 


PASSA as 
ative os 
ZYole LT Yoh 
64. Hole 3g (OF \ 
0,344 $0,002 yey 


Manual Control!” * 
Arm Optional 


As Desired 


4 = 
*Arm with 1% Rad is also 
used as a Standard 


Fig. 2—Distrisutor Hotp-Down Arms 
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7-Mm Distributor Nipple 


SAE Recommended Practice 


Report of Electrical Equipment Division approved June 1927 and last revised January 1945. 


The materials for 7-mm distributor nipples are to be natural 
rubber or synthetic compounds. 


* Recommended practice. Other dimensions are optional. 


Spark Plugs 


Fig. 1—Dimensions ror 7-Mm Disrrispuror NIPPLE 


SAE Standard 


Reports of Miscellaneous Division approved January 1915, Aircraft Division eeprred March 1918, Motorcycle Division approved August 1919, 


Electrical Equipment Division approyed May 1930, and last revised by Electrica! 


[This SAE Standard applies only to general-automotive-type 
spark plugs. 

The original standard for the %-in—18 spark plug, which had 
a %-tn, hexagon, was adopted by the Mechanical Branch of the 
Association of Licensed Automobile Manufacturers in October 
1908. This standard was taken over by the SAE in 1910. In Janu- 
ary 1915, ut was extended to include definite thread limits and the 
addition of the 14<-in. hexagon. In March 1923, the post-, ball-, 
and slip-types of terminals were recommended by the Electrical 
Equipment Division and adopted as an SAE Recommended Prac- 
tice. At that time, these terminals were commonly made in two 
thread sizes, No. 8-32 and 0.183-32, both of which were generally 


Equipment Technical Committee January 1951. 


used. For this reason, the dual specification was retained until 
it was revised in January 1935 to include only the permanent, 
fixed-post type. 

The motorcycle-plug threads were slightly larger than and the 
tapped holes slightly smaller than for the aircraft plugs; but in 
May 1930, all 18-mm plug threads were made the same as for the 
atrcraft plugs. 

The aircraft 18-mm spark-plug specification was separated 
from this general standard in January 1941 and published sepa- 
rately as Aeronautical Standard AS 28.} 


Table 1 gives spark-plug general dimensions and Table 2 gives 
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dimensions for spark-plug and tapped-hole threads. See also 0.248" 

Figs. 1-3. as ¥ 
Thread Gages—In order to keep the wear on threading tools KS Q 
within the permissible limits, the threads in the spark plug Go aR Rs & 
(ring) gage shall be truncated to the maximum minor diameter of > = S a - 
the spark plug; and in the tapped hole Go (plug) gage, to the L$ Ele 9 BS 
minimum major diameter of the tapped hole. The plain plug Os Ls SN 
cage for checking the minor diameter of the tapped hole shall be a Rinks s$ ae 
the minimum specified. eS aasls es. 
~ Metric Conversions—The factor 1 mm = 0.03937 in. (1 in. Ss SIs [au 8 5 
= 25.4 mm) was used for the conversion of metric values to inch S Sipe . £ S 
equivalents in the accompanying tables, the equivalents being $s uk 
§ - : ome) TBS 
figured to six decimals. S Soe 8 S 
7 Ks § $$ 

st S 
VT Ko 


0.2/3" 
0.216” 
0.248" 
0.252" 


Threaded nuts shal! 
be No.8-32, Class 2 
Fit, threaded 
through with chamfer 


STANDARD SNAP 
TERMINAL NU™~ 


Fic. 2—Spark-Piug TerminaL Nur 


120° 


MAX DIMENSION TO 


INDER HEX | FIRST FULL THREAD 


SES a iio BM 

oe 17 

A | mA 

“| aA 

“AN H v 

THREAD LENGTH AN ma 

>LUG REACH ear THREAD Fic. 3—Hxrap CouNTERBORE 

SKIRT DIA Note 1—The maximum diameter of counterbore, A, is 0.015 in. 
over the outside diameter of the plug thread 
GASKET SEAT DIA Note 2—Dimension B is one thread pitch 
Note 3—Spark-plug threads shall not be exposed to the 
Fig. 1—SparKk PLua combustion chamber 


TABLE 1—Spark-Plug General Dimensions 


— 1 i tas tee eee, 
Hexagon size, in., +0.005, —0.010 
HWGBUA IS. 3 ood Aa ee ir 1%6, 14 %,1 WAG 58, Me, He Wg 36, 46, 1342 
Plug reach, in., + Mqin.......... 4, % 16, Ke 34, Ke, 4 Yo Yo, %e 
Max dimension to first full thread,* 
Fb tp a an %a Yeu 0.1380 364 G4 364 
shirtilengimyms 1: eens... 164, 7564, 1264, 12645) Yea, 1364, 6, io] 964 rt = a 
VYEa, 932 
Skirt-diameter, max, in........... 0.789 56 0.480 — — = 
aasket seat diameter, max, in....| 11¢ 1 Hex Xe Hex Hex 
Barrel length under hex, min, in. .| 3¢ A 46 % g Ko 
® Cut threads. 7; 


(Continued on next page.) 
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TABLE 2—Spark-Plug and Tapped-Hole Threads 


MAJOR DIAMETER PITCH DIAMETER | MINOR DIAMETER GO-THREAD RING GO-THREAD PLUG PLAIN PLUG GAGE, 
SIZE GAGE, MINOR GAGE, MAJOR MINOR DIAMETER, 
Max Min Mow Min Min DIAMETER DIAMETER MIN 
7-18 Plug 0.8750 0.8668 0.8384 0.8343 0.8068 — 0.8068 —_ — 
in. Hole = 0.8750 0.8430 0.8389 0.8209 0.8149 — 0.8750 0.8149 
18-1.5 Plug | 0.7079 0.7019 0.6695 0.6645 0.6358 = 0.6358 —_ — 
mm Hole —_— 0.7102 0.6753 0.6703 0.6467 0.6404 — 0.7102 0.6404 
14-1.25 Plug 0.5505 0.5455 0.5185 0.5142 0.4904 —_ 0.4904 _— — 
mm Hole _— 0.5525 0.5235 0.5192 0.4997 0.4944 — 0.5525 0.4944 
10-1.0 Plug 0.3931 0.3886 0.3675 0.3637 0.3450 a= 0.3450 —_ — 
mm Hole = 0.3948 0.3719 0.3681 0.3525 0.3482 — 0.3948 0.3482 
| 
34-24 Plug | 0.3739 0.3667 0.3468 0.3430 0.3228 — 0.3228 —_ — 
in. Hole | a 0.3750 0.3512 0.3479 0.3364 0.3299 = 0.3750 0.3299 
44-32 Plug 0.2490 0.2431 0.2287 0.2255 0.2107 Ty 0.2107 —_ — 
in Hole _— 0.2500 0.2328 0.2297 0.2208 0.2162 _ 0.2500 0.2162 


Preignition Rating of Spark 
Plugs for Ground Vehicles 


SAE Recommended Practice 


Report of Electrical Equipment Technical Committee approved December 1947. 


Equipment—SC-17.6 engine! with cylinder barrel having 
knurled and Lubrited surface treatment and piston rings chro- 
mium plated in top two grooves. 

Speed—The nominal speed is to be 2700 rpm but is not to be 
over 2765 when firing nor under 2670 when motoring. 

Compression Ratio—5.6 to 1. 

Spark Advance—30 deg before TDC. 

Ignition Source—Ignition source is Bendix CR4-1 magneto. 

Spark-Plug Installation—Short-reach plugs in short-reach hole 
and long-reach plugs in long-reach hole. 

Fuel—98% 1 benzol, 2% SAE 60 aviation oil, with 3.0 ce 
tetraethyl lead.? 

Fuel Injection Pressure—300 + 50 psi. 

Fuel Injection Timing—The fuel injection-pump port shall be- 
gin to close 60 + 5 deg of crankshaft angle after TDC on intake 
stroke 

Fuel Circulation Rate—l4 + 14 gal per min. 

Fuel Injection Pump—The gallery pressure of the fuel injec- 
tion pump is to be 15 + 2 psi. 

Mixture Strength—The mixture strength is that which gives 
maximum thermal plug temperature. 

Inlet-Air Temperature—225 + 5 F. 

Inlet-Air Humidity—75 + 25 grains of moisture per pound of 
dry air. 


1 An engine of this type may be obtained from the Laboratory Equipment Corpo- 
ration, Mooresville, Indiana. 
2 This may be obtained from Standard Oil Co., Indiana as Formula No. L-6048. 


Coolant—The coolant shall be distilled water plus 1 g of 20 
Mule Team Borax per gal as an inhibitor. City water may be 
used if total dissolved solids are not excessive. 

Coolant Quantity—Coolant level is maintained at middle of 
sight glass on coolant heat exchanger. 

Coolant Pressure—The pressure in coolant tower is to be 23 
to 28 psi. Cylinder-head pressure is approximately 20 psi higher. 

Coolant Flow—5 + 1¢ gal per min. 

Jacket Inlet Temperature—265 + 5 F. 

Crankcase Oil—Oil is to be SAE 60 aviation oil (AN-O-8, 
Grade 1120). 

Oil Pressure—In main bearings, 95 + 5 psi; in valve gear, 
25 + 5 psi. 

Oil Temperature—190 + 10 F. 

Oil Quantity—Oil level is maintained at bottom edge of filler 
sight-glass opening. 

Operating Conditions—The mixture strength is maintained at 
that giving the maximum thermal plug temperature, and the 
boost pressure is increased until failure occurs in the form of 
preignition. Boost pressure is then decreased in increments of 
1 in. of Hg until the plug will operate continuously without 
preignition, the IMEP value for this boost pressure being con- 
sidered the plug rating. Afterfiring in no instance is to be con- 
sidered failure. 

Engine condition is checked after the rating of every ten plugs 
by the use of a cold plug such as the LS 81. Engine condition is 
considered satisfactory if preignition is not obtained up to 100 
IMEP above the value of the anticipated rating. 
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Cigar-Lighter Switch Base SAE Standard 


Report of Electrical Equipment Technical Committee approved June 1949. 


0.600"Diam Min 22°71 D Min 
(Thermostat) (Ground 
A= Lances) 


y) 


vy 
5)) 
Dy 


0.840" 


Fie. 1—Ciear-Licuter Switcu Bast 


[This Standard relates to the standard cigar-lighter switch base, v | rf 


but manufacturers of plugs for use with accessories such as trouble 
lamps, botile warmers, and razors are urged to observe the dimen- 
sions and other provisions given in this Standard.] 


Fig. 1 shows the cigar-lighter switch base and its dimensions. 
Live contact should be made with the center stud; however, if 
live contact is made with the plug entering bi-metal fingers, the 
plug should not exceed 0.700 in. in diameter and should have 
tapered lead and round corners to conform to the heating-ele- 
ment cup (Fig. 2) as made by cigar-lighter manufacturers. 

The body of the plug back of the contact end should be large 
enough to serve as a centering guide when inserting it into the 
socket, to prevent distortion of the bi-metal fingers. The diam- 
eter of the body plug should be 0.828 to 0.834 in. O10” 

(The ground fingers should be so designed as not to interfere Boe RP ie See 
with or catch on the ground lances in the switch base when the J 
plug is rotated.) : Fic. 2—Heatine-ELement Cup 


678 LIGHTING-SWITCH MOUNTINGS 


Lighting-Switch Mountings 


SAE Recommended Practice 


Report of Electrical Equipment Division approved January 1945. 


[The accompanying switch mountings are recommended for use 
by the body and vehicle manufacturers and as a guide to switch 
manufacturers to promote simplification in production and wnter- 


ee 


i To clear 
I"min—4 screws 


Fig. I—BrEam ConrTROoL 
(Formerly termed foot-dimmer switch) 


Headlight Switching 


Fig. 2—Door JAMB 


changeability in use. Further detail standardization of these suritches 
was not considered feasible because of the various designs of switch 
mechanisms furnished by the switch manufacturers.] 


ids he iW" 
i6 16 16 
ie ASS 
/ \ 
1 
7TN ‘ 
+ +e 
Nee \ | ie 
\ i} 
Ne / 
XN _/ Screw 
~ 


a holes 


Fia. 83—PILLAR 


SAE Recommended Practice 


Report of Lighting Division approved January 1934. 


The switching of automobile headlights from the country or 
upper beam to the beam used for passing other cars (the meeting 
beam in the asymmetric type and the lower beam in the dual- 


1A colored jewel light of very low candlepower mounted in the instrument panel 
is considered effective, 


Headlamp Mountings 


beam type) should be by means of a foot-operated switch located 
in a position convenient to the driver’s left foot. 

The switch should have no dead point and means! should be 
provided for indicating to the driver that the country or upper 
beam is on. : 


SAE Recommended Practice 


Report of Lighting Division approved June 1936. 


[In order to facilitate setting and maintaining the proper adjust- 
ment of headlight beams on motor vehicles in use, the following 
requirements for headlamp design and mounting have been adopted 
in the belief that they will be followed in general practice and be 
equally applicable to new designs of headlamps and headlamp 
mountings.| 

Headlamps and headlamp mountings shall be so designed and 
constructed that: 


1. The axes of the light beams may be adjusted to the left, 
right, up, or down from the designed setting, the amount of 
adjustability to be determined by practical operating conditions 
and the type of equipment. 

2. The adjustments may be conveniently made by one man 
with the tools ordinarily available. 

3. When the headlamps are secured, the aim will not be dis- 
turbed under ordinary conditions of service. 
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Lamp Bulbs and Bases SAE Standard 


Report of Lighting Division approved March 1918 and last revised by Lighting Technical Committee January 1949. 


Bulb G-34 Bulb G-414 Bulb G-6 Bulb 8-8 
Base A-1 Base A-1 Base B-1, B-2, C-2 Base B-1, B-2, C-2, 
D-1, D-2, G-1 
1546~ 


Max. 


amg 


0.120’ £0.010 
3 Holes 


Bulb RP-11 | Bulb RP-11 Bulb B-12 
Base B-1, B-2, G-1 Base F-1, F-2 Base H-3 


Fig. 1—Buus Tyres 


C-2R C-2V C-6 @=12 2C2K in Series 2C2V in Series CC-6 


Fig. 2—FILaAMENT TypEs 
Note—Filament center length is measured from the center of the filament 


(Continued on next page.) 
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Fic. 3—Basre Types 


1.195" 2.002 


0.808"Max. ee feos per /oue 
No.8-32 Screw 1448" 0%, AyeDracio ons #0035 f oe 4 
Amer. (Nat'l.) Fine if a Ke 0.8965." Be 


0.535% SHoles 0.605" 0.0015 0.605" 9.020 
0.60577 2:20 =0.070 0.802"-0.013 | | =0.020 
& SS 
= 
= mye 
aa ference Plane aie Plane 26 
to.0/2s . 


Type G-1, Screw Terminal Type H-3, Three Contact Lugs Type F-1, Cand Prefocus, §.C. Type F-2, Cand Prefocus, D.C. 


Fig. 4—Basre Types 


Gaging—The maximum base diameters are to be measured by TABLE 1—Ring-Gage, Snap-Gage, and Base Diameters 
ring gages and minimum base diameters by snap gages in accord- 
ance with Table 1 and are to apply to all parts of the base except ees mewax £0,000” | Diawerer | SNAP GAGE 
within 4¢ in. from the bulb end. 

Sealed Beam Headlamp Units—In order to make all Sealed- B-1, B-2, C-2. 42006 soseenes 0608, 0.016 ae pe 
Beam units interchangeable, the dimensions of both the all-glass mo Da, au a i syst ply er Son miss a 


and composite types shall conform to Fig. 5. For photometric- 
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Llontour of Lens 


at Seating PlaneA-A 


test requirements, see the SAE Recommended Practice for Mounting and Retaining Rings—The mounting and retaining 
Sealed-Beam Headlamp Units for Motor Vehicles. rings for Sealed-Beam headlamp units are shown in Fig. 6. 
: abe oa ) 
Raised Letters A 1" —— 
on Front Face ye 750 Max 120+.010 Dj; F ~~ 
g 1" Letfers 4. Flutes Measured ae Dia. Ae oie 
Measured Along \ “eng Contour = fae 
IS | Dia. of Locating bosses 


ames 


HEGRE NAME 
se 
5,1" f 
p 32 + Letters Optional 
ie L etters 0.106""+0.100" 


1031" Dia. 0.078;| Llane 5 
ss 4 } eA. Center Line 
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Lamp Bulbs and 
Sealed-Beam Units 


LAMP BULBS AND SEALED-BEAM UNITS 


SAE Recommended Practice 


Report of Lighting Division approved March 1918 and last revised by Lighting Technical Committee January 1951. 


TABLE 1—Motor-Vehicle Electric Lamp Bulbs* (for New Designs or Original Equipment) 


DESIGN FILAMENT BULB BASE 
RATED 
AVER- | MAX MAX Plane of 
AGE AMPS OVER- pins or 
Et TRADE NO. LAB AT C Focal Axial- M. ALL major- 
Teh cp | Volts BEEAT/ DESO! Type |length | eneth | 248. Type | dim, "PSC™| Type | Design | Goes | Waking, 
VOLTS : ee or — ? respect to 
filament, 
deg ; 
6-8 Volt Circuits & , 
1,2 51 1 7.5 | 1000 | 0.25 | C-2R % 34 | 32 | G34 |0.463) 154,) A-1 | Min Bay. | SC —_— 
1G 55 2 7.0 | 500 | 0.45 | C-2R 4% 340 | 32 | G4 (0.588) 1%, | A-1 | Min Bay. | SC — 
L,M,P,T 63 3 7.0 | 1000 | 0.73 | C-2R 34 3% | 32 | G6 0.744] 1%, | B-1 | Cand Bay. | SC — 
3 81 6 6.5 | 500] 1.14 | C-2R 34 3% | %e | G-6 0.744] 1%, | B-1 | Cand Bay. | SC —_— 
3, D 1129 21 6.4 | 200 | 2.91 | C-2V | 1% | 0.04 | 0.03 | S-8 1.041} 2. B-1 | Cand Bay. | SC 90 
4 12098 32 6.1} 125 | 4.30} C-6 7g | 0.010) 0.010) RP-11 |1.420) 244 F-1 | Cand Pref | SC 90 
Short : 
Wye 1323 32 6.2 | 200 | 4.52 | C-2V 7% | 0.010) 0.010) RP-11 |1.420) 214 F-1 | Cand Pref | SC 90 ; 
21 6.4 | 200 | 2.97 | C-6 1% | 0.04 | 0.03 | S-8 1.041) 2 C-2 | Cand Bay. | DC 90 ; 
Dae, t. es 3 7.0 | 1000 | 0.84 | C-6 — — — — — — — | Indexing — — 
6 2290 21 6.4 | 200} 8.05 | C-2V | 14¢ -| 0.010) 0.010} RP-11 |1.420) 24% F-2 | Cand Pref | DC 90 
21 6.4 | 200 | 3.05 | C-2V — —= — — _ 
5 2390 32 6.2 | 200 | 4.52 | C-2V | 14% | 0.010) 0.010) RP-11 |1.420) 214 F-2 | Cand Pref | DC 90 
21 6.4 | 400 | 3.30 | C-2V = = —_ — — — = — _ _ 
12-16 Volt Circuits 
1,2 57 14g {14.0 | 1000 | 0.22 | C-2V 4% 32 | 32 | G-4¥6 10.588) 114, | A-1 | Min Bay. SC _— 
(nom) : 
1, M,T 67 3 {13.0} 1000 | 0.41 | C-2R 1346) 342 | 32 | G-6 0.744) 1%,5 | B-1 | Cand Bay. | SC _— 
D,M 89 _ 6 {13.0} 750 | 0.638 | C-2R 34 340 | 340 | G-6 0.744) 1%, | B-1 | Cand Bay.| SC os 
D 1141 21 12.8} 500 | 1.50] C-2R | 134 |'0.04 | 0.03 | S-8 1.041) 2 B-1 | Cand Bay.| SC 90 
3 1142 21 |12.8| 500/1.50 | C-2R | 1% | 0.04 | 0.03 | S-8 1.041] 2 B-2 | Cand Bay. | DC 90 
yaar bea 1327 32) 112.751; 300) |) 2.33) 6-2 7% | 0.010) 0.010; RP-11 |1.420) 214 F-1 | Cand Pref | SC 90 
21 =|12.8} 300 | 1.47) C-2R | 1% | 0.04 | 0.03 | S-8 1.041} 2 C-2 | Cand Bay. | DC 0 
Mec _ 6 {13.0 | 1000 | 0.63 | C-12 “= — — — — _ — | Indexing — _ 
3 F42T6/W -— —|— — Fluo- —_ = — | T6 — |40 — => — — 
rescent 


® Complete lists of available bulbs, including specials and replacements, are issued by the bulb manufacturers. 
> Letter and number designations are defined as follows: 1—Instrument; 2—Indicator; 3—Interior; 4—Spot; 5—Motorcycle Headlamp 
7—Farm Tractor; D—Turn Signal; F—Fog; L—License; M—Marker; P—Parking: S—Stop; T—Tail. 


(Continued on next page.) 


; 6—City Delivery-Truck Headlamp; 
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TABLE 2—Sealed Units and Bulbs Used in Units (for New Designs or Original Equipment) 
TYPE oF TRADE ae tea MAX AMPS AT FILAMENT aye SvenGs am eo 
SERVICE’ NO. Watts Volts AT DESIGN VOLTS DESIGN VOLTS TYPE Type or trade bt cea Type Désien Cong 
6-8 Volt Circuits 

H Unit 45W | 6.4 300 7.38 C-6 2400 7.031 54 H-3 Lug Term. 3 
mY l\35w | 6.4 500 5.74 C6 ue es se me =i pte 

H 4030 45W | 6.4 _ 300 7.38 C-6 PAR-56 7.031 54 H-3 Lug Term. 3 
is 35W | 6.4 500 5.74 C-6 — _ — = a = 

F Unit | 35W | 6.2 300 5.93 C-6 2404 5.70 4l¢ G-1 Screw Term. SC 
F 4012A| 35W | 6.2 300 5.93 C-6 PAR-46 5.70 4l¢ G-2 Screw Term. DC 
4 4535 | 30W | 6.4 100 5.08 C-6 Short PAR-46 5.70 4l¢ G-2 Screw Term. DC 
if Unit — — — — — — 5.70 4g G-2 Screw Term. DC 
if 4013 | 25W | 6.4 300 4.1 C-6 PAR-46 5.70 4g G-2 Serew Term. DC 
F 4015A | 35W | 6.2 300 5.93 C-6 PAR-36 4.46 254 G-2 Screw Term. | DC 

12-16 Volt Circuits 

H Unit 50W | 12.8 300 4.19 C-6 2412 7.031 54 H-3 Lug Term. 3 
40W | 12.8 500 3.35 C-6 — _ a — — — 

H 4430 50W | 12.8 300 4.19 C-6 PAR-56 7.081 54 H-3 Lug Term. 3 
40W | 12.8 500 3.35 C-6 — — — — = = 

F Unit | 35W | 12.8 300 2.93 C-6 2414 5.70 4g G-1 Screw Term. SC 
F — 385W | 12.8 — — C-6 PAR-46 5.70 41g G-2 Screw Term. | DC 


® Letter and number designations are defined as follows: 4—Spot; F—Fog; 7—Tractor; H—Sealed-Beam Headlamp. 


Lighting Equipment 
for Motor Vehicles 


SAE Standard 


Report of Lighting Division approved May 1942 and last revised by Lighting Technical Committee January 1951. 


[This Standard covers general requirements for various types of 


lighting equipment. Particular requirements for specific types of 
equipment are given in separate Bae Standards and SAE Rec- 
ommended Practices. 

SAE lighting specifications are ay to frequent change to keep 
pace with technical advances. This SAE Standard is intended for 
use by State or Federal authorities having regulatory powers over 
motor vehicles, but its inclusion in State or Federal laws where 
flexibility of revision ts lacking is discouraged.| 


A—Scope—This Standard covers the requirements and 
methods for laboratory test—including vibration, moisture, dust, 
corrosion, color, and photometric tests for 

Electric Headlamps 

Sealed-Beam Headlamp Units 

Electric Supplementary Driving Lamps 
Electric Supplementary Passing Lamps 

Fog Lamps 

Motorcycle and Motor-Driven Cycle Lamps 
Tail Lamps 


Stop Lamps 

License-Plate Lamps 

Turn-Signal Units 

Turn-Signal Operating Units 

Clearance, Side-Marker, Identification, and Parking Lamps 

Back-Up Lamps 

Reflex Reflectors 

School-Bus Warning-Signal Lamps 

Electric Emergency Lanterns 

Liquid-Burning Emergency Flares 

B—Samples for Test—Sample lamps submitted for laboratory 
test should be representative of the devices as regularly manu- 
factured and marketed. Where necessary each sample should 
include all accessory equipment peculiar to the device and nec- 
essary to operate it in normal manner. Each sample should also 
be mounted in its normal operating position on a supporting 
bracket designed to be bolted rigidly to the vibration rack. Dust 
and photometric tests may be made on a second set of un- 
mounted samples, if desired, to expedite completion of tests. 
C—Lamp Bulbs—Unless otherwise specified, lamp bulbs used 
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in the tests should be supplied by the laboratory and should be 
representative of standard bulbs in regular production. They 
should be selected for accuracy in accordance with specifications 
approved by the National Bureau of Standards and should be 
operated at their rated mean spherical candlepower during the 
tests. Where special bulbs are specified, they should be submitted 
with the devices and the same or similar bulbs used in the tests 
and operated at their rated mean spherical candlepower. 

D—Laboratory Facilities—The laboratory should be equipped 
with all facilities necessary to make accurate physical and optical 
tests in accordance with established laboratory practices. 

E—Vibration Test—A sample unit, as mounted on the support 
supplied, shall be bolted to the anvil end of the table of the vi- 
bration-test machine and vibrated approximately 750 cpm 
through a distance of 14 in. The table shall be spring mounted 
at one end and fitted with steel calks on the under side of the 
other end. These calks are to make contact with the steel anvil 
once during each cycle at the completion of the fall. The rack 
shall be operated under a spring tension of 60 to 70 lb. This 
test shall be continued for 1 hr. — 

The unit shall then be examined. Any unit showing evidence 
of material physical weakness, lens or reflector rotation, dis- 
placement, or rupture of parts shall be considered to have failed. 
(See SAE General Information on Vibration-Test Machine.) 

F—Moisture Test—A sample unit shall be mounted in its 
normal operating position with all drain holes open and sub- 
jected to a precipitation of 0.1 in. of water per min, delivered 
at an angle of 45 deg from a nozzle with a solid cone spray. 


During the moisture test the lamp shall revolve about its vertical . 


axis at a rate of 4 rpm. This test shall be continued for 12 hr. 
The water shall then be turned off and the unit permitted to 
drain for 1 hr. 

The unit shall then be examined. Moisture accumulation in 
excess of 2 ec shall constitute a failure. 

G—Dust Test—A sample unit with any drain hole closed 
shall be mounted in its normal operating position, at least 6 in. 
from the wall in a box measuring 3 ft in all directions, contain- 
ing 10 Ib of fine powdered cement in accordance with ASTM 
Specification for Portland Cement, C 150-42. At intervals of 15 
min, this dust shall be agitated by compressed air or fan blower 
by projecting blasts of air for a 2-sec period in a downward 
direction into the dust in such a way that the dust is completely 
and uniformly diffused throughout the entire cube. The dust is 
then allowed to settle. This test shall be continued for 5 hr. 

After the dust test the exterior surface shall be cleaned; and 
if the maximum candlepower is within 10% of the maximum as 
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compared with the condition after the unit is cleaned inside and 
out, it shall be considered adequately dust tight. Where sealed 
units are used, the dust test shall not be required. 

H—Corrosion Test—A sample unit shall be subjected to a 
salt-spray (fog) test in accordance with the latest ASTM B 117 
—44T for a period of 50 hr, consisting of two periods of 24-hr 
exposure and one-hr drying time each. 

There shall be no evidence of excessive corrosion immedi- 
ately after the above test has been completed, which would affect 
the proper functioning of the device. 

I—Color Test—Refer to SAE Standard on Color Specification 
for Electrie Lamps. 

J—Photometric-Test Points—In locating the test points, the 
following nomenclature shall apply: The line formed by the in- 
tersection of a vertical plane through the lamp axis, or if a pair 
of lamps is tested, the line formed by the intersection of a median 
vertical plane parallel to the lamp axes with the test sereen is 
designated as V. The line formed by the intersection of a hori- 
zontal plane through the lamp center or centers and the test 
screen is designated as H. The point at the intersection of these 
two lines is designated as H-V. The other points on the screen 
are designated by similar symbols to indicate the number of de- 
grees of are above or below H and the number of degrees of are 
to the left or right of V; for example: 4D-3L is a point 4 deg 
below H and 3 deg to the left of V, and 1U-V isa point 1 deg 
above H in the median vertical plane. 

K—Out-of-Focus Tests on Unsealed Units—Tests shall be 
made for each of four out-of-focus filament positions, except 
that the complete distribution may be omitted. Where conven- 
tional bulbs with two-pin bayonet bases are used, candlepower 
tests shall be made with the light source 0.060 in. above, below, 
ahead, and behind the designed position. If prefocused bulbs are 
used, the limiting positions at which tests are made shall be 
0.020 in. above, below, ahead, and behind the designed position. 
The minimum values for out-of-design position shall be 80% of 


the in-design position. The lamp may be reaimed for each of the - 


out-of-focus positions of the light source. 

L—Candlepower Requirements—The photometric minimum 
candlepower requirements for tail lamps, clearance, side-marker, 
identification, and parking lamps, stop lamps, turn-signal lamps, 
and school-bus warning lamps are given in Table 1. 


(Continued on next page.) 
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TABLE 1—Photometric Minimum Candlepower Requirements* 
CLEARANCE, SIDE-MARKER TURN SIGNALS 
TAIL, | IDENTIFICATION, AND PARKING STOP LAMPS SCHOOL-BUS 
TEST POINTS SEARS LAMPS | Class B Type I Class A Type I MEAG 
Red Red Amber® White | Red | Amber Red Amber® White Red Amber® | White Red | Amber . 

—5°L 0.25 0.25 0.75 1.5 2 6 2 6 12 10 30 60 10 |; 30 

10°U —V 0.25 0.25 0.75 1.5 | 2 6 2 6 12 10 30 60 10 30 
—5°R 0.25 0.25 0.75 1.5 2 6 2 6 12 1 30 | 60 10 30 

—20°L ~ — | — 6 12 10 30 | 60 | 10] 30 

—10°L 0.25 0.25 0.75 1.5 2 6 2 6 12 25 Ta 5O 25 75 

—5°L 0.25 0.25 0.75 id 5 15 5 15 30 25 75 | 150 25 75 

5°U —V 0.25 0.25 0.75 1.5 10 30 10 30 60 25 75 | 180 25 75: 
—5°R 0.25 0.25 0.75 1.5 5 15 5 15 30 25 70min e150 25 75 

—10°R 0.25 0.25 0.75 1.5 2 6 2 6 12 25 75 150 25 75 

—20°R = = = == = = oo 6 12 10 30 60 10 30 

—20°L 0.25 0.25 0.75 1.5 2 6 2 6 12 10 30 60 10 30 

—10°L 0.25 0.25 0.75 1.5 5 15 5 15 30 25 75 150 25 75 

—5°L 0.25 0.25 0.75 15 10 30 10 30 60 25 75 | 150 25 75 

H —V 0.25 0.25 0.75 1.5 15 45 15 50 100 100 300 600 100 | 300 
—5°R 0.25 0.25 0.75 1.5 10 30 10 30 60 25 75 | 150 25 75 

—10°R 0.25 0.25 0.75 1.5 5 15 5 15 30 25 75 150 25 75 

—20°R 0.25 0.25 0.75 TEST lg 6 2 6 12 10 30 60 10 30 

—20°L = — — = — — — — — 10 30 60 10 30 

—10°L 0.25 0.25 0.75 1.5 2 6 2 6 12 25 75 150 25 75 

5°D —V 0.25 0.25 0.75 1.5 10 30 10 30 60 25 75 150 25 75 
—10°R 0.25 0.25 0.75 1.5 2 6 2 6 12 25 75 150 25 75 

—20°R = = = = =o = _— — — 10 30 60 10 30 

—5°L = = = = = —_ — — = 10 30 60 10 30 

10°D —V 0.25 0.25 0.75 1.5 2 6 2 6 12 10 30 60 10 30 
—5°R = = = = — = = 10 30 60 10 30 


® A tolerance of —20% in above candlepower values shall be allowed for 12-v filaments. 


A tail lamp shall not project more than 10 candlepower above horizontal. When the tail lamp is optically combined with other lamps, the candlepower of the other lamp or 
lamps shall not be less than 3 times the candlepower of the tail lamp at any test point on or above horizontal. 
° Where the color is between white and amber, the lamp shall be tested in accordance with candlepower requirements for white light. 
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Vibration-Test Machine ag 8g ~ SAE General Information com! 


Report of Lighting Division approved January 1940. 


TABLE 1—Cam-Profile Radii* 


[This SAE General Information contains an illustration giving 


5 ds A , ss POINT |RAD, IN.|| POINT |RAD, IN.|| POINT |RAD, IN.|| POINT 
the essential arrangement and dimensions for a test machine which 


RAD, IN, 


POINT 


RAD, IN. 


is satisfactory for the vibration test required by the SAE laboratory 1 0.5625] 5 10.584 9 |0.6320| 13 |0.68 

test specifications for motor-vehicle electric lamps and is published 2 |0.5625] 6 (0.5960) 10 (0.6440) 14 (0.692 

as a guide for building these machines.] 3 |0.5650) 7 |0.6080) 11 (0.6560) 15 |0.704 
+ 0.572 8 0.6200 12 |0.66 16 |0.71 


10.7400 


0.7280 


0.7470 
0.7500 


® The cam width is to be between }4 and 1 in. 


Vee Pulley 
©) Speed 750RPM 


Lift=4" Test | 


(or ig'by _|¥ Lamp | 
use of shims Mounting _ ” 
onanvi!) | J 
| = Springs Adljusted to 
s 60 to 70 lbs at Anvil 


Fig. 1—Visration-Test MacHINE 
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Color Specification for Electric Lamps 


SAE Standard 


Report of Lighting Division approved January 1942. 


[SAE lighting specifications are subject to frequent change to 
keep pace with technical advances. This SAE Standard is intended 
for use by State or Federal authorities having regulatory powers 
over motor vehicles, but its inclusion in State or Federal laws where 
flexibility of revision is lacking is discouraged.) 


Scope of Specification—The purpose of this specification is to 
provide standards for colors employed in motor-vehicle lighting 
equipment. It is intended to cover the colors of red, amber (yel- 
low), and uncolored (white) transmitting media. 

Red—Transmitting media which are to be classed as red must 
conform to the requirements for color specified below and may be 
examined for compliance with the requirements by comparison 
with a red limit glass. This glass has been prepared so that it 
represents the closest permissible approach to amber (yellow) 
and has at the same time the maximum purity of color. A red 
transmitting medium shall not be acceptable if it is paler or 
yellower than the light-limit standard glass when the two are 
illuminated by incandescent lamp light. 

In case of doubt or samples close tothe limit, resort must be 
had to spectrophotometric determinations of ne color of the 
sample. 

Amber (Yellow)—Transmitting media hie are to be classed 
as amber (yellow) must conform to the requirements for color 
specified below and may be examined for compliance with the 
requirements by comparison with amber (yellow) limit glasses. 
These glasses have been prepared so that one represents the 
closest permissible approach to red and the other the closest 
permissible approach to yellow-green, both having at the same 
time the maximum purity of color. An amber (yellow) trans- 
mitting medium shall not be acceptable if it is paler or greener 
than the light-limit standard or redder than the dark-limit 
standard when the lens and the standards are illuminated by 
incandescent lamp light. 

In case of doubt or samples close to the limit, resort must be 
had to spectrophotometric determinations of the color of the 
sample. 

Uncolored—Transmitting media which are to be classed as 

uncolored must not materially change the color of the source 
illuminating the lens. ; 
- Trichromatic Coefficient Specification—The fundamental spec- 
ification of the above colors expressed in terms of the standard 
observer, coordinate system, and Illuminant A (incandescent 
lamp operated at 2848 K, Planck’s constant, C2, taken equal to 
14,350 micron degrees) adopted by the International Commis- 
sion on Illumination in 1931 and described in the Journal of the 
Optical Society of America, Volume 23, October, 1933, page 359, 
is as follows for the above colors: 

Red—For the purposes of these specifications, a red transmit- 
ting medium is a medium which, when illuminated with ICI 


Standard Iluminant A, transmits light for which y is not greater 
than 0.335 and z is not greater than 0.002... 

Amber (Yellow)—For the purposes of these specifications, an 
amber (yellow) transmitting medium is.a medium which, when 
illuminated by ICI Standard Illuminant A, transmits light for 
which y is not less than 0.398, y is not greater than 0.429, and 
z is not greater than 0.007. 

Uncolored—For the purposes of these specifications, an un- 
colored transmitting medium is a medium which, when illumi- 


ANRIAS PARAS 


Diffusing Glasses 


Section A-N’ 


Elevation 


Field of Vision 


Fira. 1—Cotor Comparison APPARATUS 


nated by ICI Standard Illuminant A, transmits light for which 
the values of x and y do not differ by more than 0.01 from the 
values x and y for the source illuminating the specimen. 

Visual Comparison of Colors—A device which may be used 
for visually comparing the color of transmitting media used in 
automotive lighting equipment and the limit glass or glasses is 
shown in Fig. 1. It consists of a lamp holder capable of mounting 
and operating any standard bulb which is specified for such equip- 
ment. The bulb is so positioned that the light from it passes 
through the standard-limit glass or glasses as well as diffusing 
glasses before being reflected from a mirror to the observer. The 
position of one of the diffusing glasses is adjustable so that by 
altering its position, the brightness of these two portions of the 
field of view may be made the same. A similar diffusing plate 
and mirror are so positioned that the observer also views the 
automotive lighting equipment being examined. The device is 
adjusted so that a brightness match is obtained between the test 
source and the limit-glass beams. The color is then examined to 
determine conformance with the limits. 
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Electric Headlamps for Motor Vehicles 


SAE Standard 


Report of Lighting Division approved March 1918 and last revised by Lighting Technical Committee December 1948. 


~ [The study of automotive headlighting requirements dates back to 
1914 when electric lighting was first applied to motor vehicles. The 
first joint Illuminating Engineering Soctety-Society of Automotive 
Engineers headlighting specifications were adopted in 1918 to pro- 
wide a single, all-purpose beam as a compromise between road illu- 
mination and glare. As operating speeds increased more cars ap- 
peared on the road; and as cars were provided with softer springs 
and lower driver’s seats, these and other factors tended. to make 
lighting with the single-beam lamps less satisfactory. Attention 
gradually shifted to the need for two beams, one aimed high enough 
to reveal obstacles and turns at a safe distance ahead and the other 
aimed low enough to avoid glare, the driver to be responsible for 
using the proper beam at the right time as specified in the dual- 
beam specifications adopted in 1930. Specifications for multiple- 
beam headlamps of the asymmetric type were adopted in 1933. In 
1936 the specifications were revised to cover all types of multiple- 
beam headlamps and to comply with the 1936 SAE Headlighting 
Inspection Code for Motor Vehicles. In January 1987 the entire 
specification including the location and values for photometric-test 
points, was revised to designate minimum laboratory optical-test 
requirements for approval purposes. 

SAE lighting specifications are subject to frequent change to 
keep pace with technical advances. This SAE Standard 1s intended 


for use by State or Federal authorities having regulatory powers 


over motor vehicles, but its inclusion in State or Federal laws 
where flexibility of revision is lacking is discouraged.] 


Definitions—Headlamp—A headlamp is a major lighting de- 
vice used to provide general illumination ahead of the vehicle. 

Multiple-Beam Headlamps—Headlamps which are arranged to 
permit the driver of the vehicle to use any one of two or more 
distributions of light on the road 

Country or Upper Beams—One or more beams intended pri- 
marily for distant illumination and for use on the open highway 
when not meeting other vehicles. 

Traffic or Lower Beams—One or more beams low enough on 
the left to avoid glare in the eyes of oncoming drivers and in- 


tended for use in congested areas and on highways when meet- 
ing other vehicles within a distance of 500 ft. 

Samples for Test—See Section B of SAE Standard on Light- 
ing Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Photometric-Test Points—See Section J of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Out-of-Focus Tests for Unsealed Units—See Section K of 
SAE Standard on Lighting Equipment for Motor Vehicles. 

Photometric Tests—The light sources in the headlamps shall 
be located in the designed position as specified by the manu- 
facturer. A photometer shall be set up at not less than 60 ft from 
the headlamps. 

Aiming adjustments shall be made on one country or upper 
beam only. 

The headlamps shall be aimed on a country or upper beam so 
the vertical center of the zone of highest intensity falls at the 
horizontal line through the photometer axis. 

The country or upper beam of each headlamp shall be aimed 
laterally with respect to the single vertical line through the 
photometer axis in the same manner as the manufacturer speci- 
fies said beam shall be aimed on the car with respect to a vertical 
line ahead of each lamp. Correction should be made for the dif- 
ference between the distance from lamp to photometer and the 
distance from lamp to aiming screen specified in the manufac- 
turers’ instructions. 

Where conventional bulbs with two-pin bayonet bases are 
used, candlepower tests shall be made with the light source at 
the designed positions and also in positions 0.060 in. above, 
below, ahead, and behind the designed position. If prefocused 
bulbs are used, the limiting positions at which tests are made 
shall be 0.020 in. above, below, ahead, and behind the designed 
position. 

Each pair of headlamps shall be aimed only once for each posi- 


POSITION CP MIN 
44U—I1R and 1L 15,000 
44U—8R and 3L 7,000 
44U—6R and 6L 3,000 

H—1R and 1L 25,000 
H—8R and 3L 10,000 
H—6R and 6L 4,000 
4D—1R and 1L 15,000 
4%D—8R and 3L 7,000 
4%D—6R and 6L 3,000 
1D—6R to 6L 3,000 
1D—9R to 9L - 2,000 
2D—12R to 12L 1,000 


o2 2 / 
ee iH SEERBSES) 5 
e ana é 
=a Hy. 
Oo, ane fe34 
© 3 H 38 


eee ee 
Deg Left Deg Right 
Clear Road Beam 


Fie. 1—Minimum Test Point VALUES ror Car Harr LoapEpD 
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POSITION cP MAX CP MIN 
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tion of the light source. 

Maximum Beam Intensity—The maximum intensity of the 
beam at any point shall be 75,000 ep. 

Country or Upper Beam—Fig. 1 shows the test point values 


Sealed-Beam Headlamp Units 
for Motor Vehicles | 


for a car which is half loaded. 
Traffic or Lower Beam—Fig. 2 shows the test point values for 
a car which is half loaded. 


SAE Recommended Practice 


Report of Lighting Division approved January 1949 and last revised by Lighting Technical Committee November 1947. 


[Need for improvement in motor vehicle lighting from the eco- 
nomic, safety, and regulatory points of view lead the Automotive 
Manufacturers Association to set up an industry committee on head- 
lighting to formulate a single, uniform optical specification available 
for use by the entire industry. Eventually the Sealed-Beam type of 
headlighting unit was developed by the committee and accepted by 
the industry and state administrative authorities. 

SAE lighting specifications are subject to frequent change to 
keep pace with technical advances. This SAE Recommended Prac- 
tice is intended for use by State or Federal authorities having regu- 
latory powers over motor vehicles, but tts inclusion in State or 
Federal laws where flexibility of revision is lacking is discouraged.| 


Application—These specifications apply only to the Sealed- 
Beam type of headlighting units. The SAE Standard on Electric 
Headlamps for Motor Vehicles applies to other types of head- 
lamps which may be in current use. 

Scope—These specifications cover the requirements for physi- 
cal interchangeability and photometric test of Sealed-Beam head- 
lamp units. 

For dimensional specifications on Sealed-Beam headlamp units 
see SAE Standard on Lamp Bulbs and Bases. 

Definitions—Sealed-Beam Unit—An integral and indivisible 
optical assembly with the name “Sealed Beam” branded on the 
lens. 


Country or Upper Beam—A clear road beam intended pri- 
marily for distant illumination and for use on the open highway 
when not meeting other vehicles. 

Traffic or Lower Beam—A beam low enough on the left to 
avoid glare in the eyes of oncoming drivers and intended for use 
in congested areas and on highways when meeting other vehicles 
within a distance of 500 ft. 

Samples for Test—See Section B of SAE Standard on Light- 
ing Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Photometric-Test Points—See Section J of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Photometric Test—Photometric tests shall be made with the 
photometer at a distance of 60 ft from the lamps. Units shall be 
operated at their rated voltage during the tests. 

The country or upper beam shall have a sufficiently well-defined 
high-intensity area or hot spot to permit the aiming of both 
beams from the center of this area. 

The upper beam from each lamp shall be aimed visually so 
that the zones of maximum intensity superimpose at the photo- 
metric-test plate, and so that the geometric center of the zone 
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of highest intensity falls 0.6 deg vertically below the photometer 
axis. 

The combined beams from the two lamps shall meet the speci- 
fications given below. 

Maximum Beam Intensity—The maximum intensity of the 
beam shall not exceed 75,000 ep. 

Country or Upper Beam—Fig. 1 shows the test point values 


for a car which is unloaded. To provide for manufacturing varia- 
tions, a tolerance of + 14 deg in location may be allowed for any 
test. point. 

Traffic or Lower Beam—Fig. 2 shows the test point values for 
a car which is unloaded. To provide for manufacturing varia- 
tions, a tolerance of +20% in cp and of +4 deg in location 
may be allowed for any test point. 
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Sealed-Beam Headlamp 


Testing Specifications 


SAE General Information 


Approved for publication by Lighting Technical Committee January 1951. 


[This specification was developed by the Engineering Liaison 
Committee of the Automobile Manufacturers Association and has 
been used to check production quality since Sealed-Beam headlamps 
were introduced in 1940.| 


Vibration Test—A complete headlamp, with a Sealed-Beam 
unit mounted in position, as mounted on the support supplied, 
shall be bolted to the anvil end of the table of the vibration rack 
and vibrated approximately 750 times per min through a dis- 
tance of 14 in. The table shall be spring mounted at one end and 
fitted with steel calks on the underside of the other end. These 
ealks are to make contact with the steel anvil end during each 
cycle at the completion of the fall. The rack should be operated 
under a spring tension of 60 to 70 lb. This test shall be con- 
tinued for 1 hr. 

The headlamp and unit shall then be examined. Any head- 
Jamp or unit showing evidence of material physical weakness, 
displacement, or rupture of parts affecting aim more than 2.00 in. 
at 25 ft shall be considered to have failed. 

Corrosion Test—A completely assembled headlamp with a 
Sealed-Beam unit shall be subjected to a 20% salt spray solu- 
tion for a period of 50 hr, consisting of two periods of 24 hr 
exposure, and 1 hr of drying after each period at a temperature 
of 95 F (35 C). A drain hole shall be provided at any point where 
water is likely to collect. 

There shall be no evidence of general rusting of the ferrous 
parts immediately after the above test has been completed, 
particularly about the adjustment screws and between other 
moving parts. 

Aiming-Adjustment Tests—The headlamp-unit mounting 
must be provided with independent vertical and horizontal 
aiming adjustment. The adjustment screws must be so positioned 
that neither the vertical nor horizontal aim will deviate more 


than 4.00 in. from the horizontal or vertical planes respectively, 
at a distance of 25 ft, through an angle of +4 deg to —4 deg. 

The self-locking devices used to hold aiming screws in position 
must continue to operate satisfactorily up to 10 adjustments on 
each screw over a length of screw thread of plus and minus 1 in. 

The mechanism, including the aiming adjustment, must be so 
designed as to prevent the unit from receding into the lamp body 
when an inward pressure of 50 lb is exerted on the outer surface 
of the lens. 

A minimum aiming adjustment of plus and minus 4 deg must 
be provided in both the vertical and horizontal planes. 

Gasket Requirements—Gaskets, when used to seal between 
movable parts, must be so designed or attached that they will 
not hinder or interfere with the ease of reassembly in service 
when replacing a burned-out unit. 

Unit Holding-Ring Requirements—Positive means must be 
provided for holding the Sealed-Beam unit to the headlamp- 
unit mounting ring. The fastening means shall be deemed ade- 
quate if it will withstand and hold the Sealed-Beam unit securely 
in its proper position at the end of 25 replacements. 

A clearance of at least 1% in. must be provided between the 
retaining-ring lugs and the mounting-ring lugs when a unit hav- 
ing a flange thickness of 0.500 in. is assembled in the mounting 
ring and the retaining ring is assembled loosely over it. 

Proper Seating of Sealed-Beam Unit—The Sealed-Beam-unit 
seating areas on the headlamp-unit mounting ring must be kept 
free from sharp burrs and other protuberances that might cause 
unit breakage or improper seating. This area will include a dis- 
tance of 114 in. each side of the center of the locating-lug notch. 

Connector Requirements—The voltage drop between any 
Sealed-Beam contact and the connector at the end of a 3 in. 
wire lead from the socket shall not exceed 40 mv with a 10 amp 
load, 


Headlighting Inspection Code 


SAE Recommended Practice 


Report of Lighting Division approved January 1937 and last revised January 1942. This SAE Recommended Practice conforms with the 
American Standard Code for Inspection Requirements for Motor Vehicles, ASA D7-1939. 


| [This code ts intended only for the inspection and maintenance of 
headlighting equipment on motor vehicles that are in operation. 
The original SAE code, adopted in 1937, was drafted for use in 
preparing Interstate Commerce Commission regulations for trucks 
and buses in interstate operation under the 1985 Motor-Carrier Act. 
Subsequently the SAE code served as a basis for Section 2, Light- 
ing Systems, of the American Standard Code for Inspection Re- 
quirements for Motor Vehicles, ASA D?7-1939. The ASA inspec- 
tion requirements for lighting systems were adopted by the Society 
as the SAE Recommended Practice in January 1940. 
SAL_lighting specifications are-subject-to frequent change to keep 
pace with technical advances. This SAE Recommended Practice 


is intended for use by State or Federal authorities having regulatory 
powers over motor vehicles, but its inclusion in State or Federal 
laws where flexibility of revision is lacking is discouraged.| 


1. Definitions of Beams 

(a) Single Beam—A single beam provides only one fixed beam 
that is not adjustable from the driver’s seat. 

(6) Multiple Beam—A multiple beam provides two or more 
beams which may be selected by the driver. 

(c) Symmetrical Beam—A symmetrical beam has both sides 
symmetrical with respect to the median vertical plane. 

(d). Asymmetrical Beam—An asymmetrical beam is one in 
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which both sides are not symmetrical with respect to the median 
vertical plane. 

Vehicles in use today are equipped with two distinct types of 
headlamp equipment—multiple- or selective-beam lamps and 
single- or fixed-beam lamps. 

Single- or fixed-beam lighting is generally recognized as un- 
satisfactory because the beams must be aimed low enough to 
avoid glare to oncoming drivers, therefore, cannot give satis- 
factory illumination on the road. 

Multiple-beam lighting includes a “‘traffic” or “meeting” or 
“passing” beam and an “open road” or “driving” beam. 

The inspector should see that the driver understands how to 
use the multiple-beam headlamps so as to obtain the best road 
lighting with minimum glare to other users of the highway. 

2. General Headlamp-Testing Requirements 

(a) Preparation for Aiming—Before checking beam aim, the 
inspector shall see that no tire is noticeably deflated and shall 
rock the vehicle sideways. Beam aim shall be checked with no 
load in the vehicle other than the driver in the front seat. Faulty 
wheel alignment or improper tracking of the rear axle should be 
taken into consideration before the headlamp inspection is made. 
Experience indicates that it is advisable to maintain the light 


Vertical center line ------.._ | 
ahead! of left headlamp 


Horizontal center line of lamps--~ 


Adjustable vertical tapes Bei 


output of the lamp well up toward the normal new-lamp value 
as indicated in Section 4. The reference to higher standards 
mentioned in Sections 4 and 6 should in each case be drawn to 
the attention of the car owner. 

() Screen—Beams should be inspected for focus and aim, 
either on a screen at a distance of 25 ft ahead of the headlamps or 
with inspection equipment which gives essentially equivalent or 
more accurate results. If a screen is used, it should be of adequate 
size with a matte-white surface well shaded from extraneous 
light and used on a flat-level paved surface. Provisions should 
be made for moving the screen so that it can be aligned parallel 
with the rear axle, and a horizontal line drawn perpendicular 
from the center line of the screen will pass an equal distance 
between the two headlamps. 

The screen should be provided with a fixed vertical center line, 
four laterally adjustable vertical tapes, and two vertically ad- 
justable horizontal tapes, as shown on Fig. 1. The two movable 
horizontal tapes should be located on the screen at the upper and — 
lower limits called for in the specifications with reference to the 
plane on which the vehicle rests, not the floor on which the screen 
rests. The four movable vertical tapes should be located on the 
screen at the left and right limits called for in the specification 
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with reference to center lines spaced to either side of the fixed 
center line on the screen by the amount the lamps are to the 
left and right. 

3. General Lamp-Inspection Limits—General lamp inspection 
includes the following types of lamp: head, rear, clearance, 
signal, marker, and adverse-weather. 

Any of the following defects shall be cause for rejection: 

(a) Any bulb in any lamp required by law or regulation 
or in any adverse-weather lamp which fails to burn. 

(6) An improperly connected circuit which does not light 
the proper filaments for the different switch positions. 

(c) A eracked, broken, or missing lens. 

(d) A lens that is rotated, upside down, wrongside out, 
or is otherwise incorrectly installed. 

(e) A lens marked ‘left’ or ‘right,’ not appropriately in- 
stalled. 

(f) A multiple-beam headlamp lens, the name of which 
does not correspond with the name stamped on the lamp 
body. 

(g) A lamp which is not securely fastened to the vehicle. 

(h) A lamp showing a beam of color contrary to law or 
regulation. 

(i) Any defects in wiring or lighting equipment that 
would be likely to influence adversely the effectiveness of 
the lighting performance. 

(7) Any auxiliary equipment placed on, in, or in front of 
the headlamp which is not a part of the original standard 
equipment. 
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(k) Beam-indicator lights which do not indicate the proper 
beam to the driver and which do not operate satisfactorily. 
4. Lamp-Output Inspection—Approval shall be refused when 
the light produced by any headlamp or auxiliary lamp designed 
for use in place of a headlamp (whether measured in terms of 
maximum beam candlepower, average beam candlepower, lamp 
output, or other term) is less than 50% of the normal new-lamp 
value. 
(A light output of 70% or more of new-lamp value, while not 
required in this code, is desirable. See Section 2a for use.) 
5. Lamp-Focus Inspection—Focus inspection shall be made 
visually on a screen. 
Approval shall be refused when the beam from any headlamp 
or any auxiliary lamp is noticeably out of focus. 
6. Lamp-Aim Inspection—AlI of the following values are based 
on a 25 ft test distance. (Refer to Figs. 2, 3, 4, and 5.) 
(a) Horizontal Beam Avm (Sideways) 

(1) Symmetrical Beam—Upper beam. (All single-beam 
lamps, all double-beam symmetrical lamps, all adverse- 
weather lamps.) Approval shall be refused if the center of 
the high intensity zone is more than 6 in. to the right or 
left of straight ahead. 

(A tolerance of not more than 4 in., while not required 
in this code, is desirable. See Section 2a for use.) 

(2) Asymmetrical Beam—Upper beam. (Multibeam, Su- 
persafe, Tribeam left lamp, Flexbeam and Solar right 
lamp.) Approval shall be refused if the left edge of the stray 
light which is to the left of the high intensity zone extends 
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to the left of straight ahead or is more than 6 in. to the right 
of straight ahead. 

(A tolerance of not more than 4 in., while not required 
in this code, is desirable. See Section 2a for use.) 

(3) Asymmetrical Beam—Upper beam. (Multibeam, Tri- 
beam right lamp, Flexbeam left lamp.) Approval shall be 
refused if the center of the high intensity zone is more than 
6 in. to the right or left of straight ahead. 

(A tolerance of not more than 4 in., while not required 
in this code, is desirable. See Section 2a for use.) 

Vertical Beam Aim (Up and Down) 

All beams from buses, coupes, roadsters, and long wheel- 
base cars should preferably be aimed near the upper limit. 
All beams from trucks and short wheelbase five passenger 
cars should preferably be aimed near the lower limit, with 
no load in vehicle other than driver in front seat. In case 
of loaded trucks, due allowance should be made for loading. 

(1) Multiple-Beam Headlamps—Upper Beam. Approval 


. 


Saar 


Electric Supplementary 
Driving Lamps 


shall be refused if the center of the high intensity zone is : 
aimed higher or lower than 3 in. below the lamp center 
level. The tolerance applicable for this inspection shall be 
plus or minus 21% in. 

(A tolerance of not more than plus or minus | in., while 
not required in this code, is desirable. See Section 2a 
for use.) 

(2) Single-Beam Headlamps—Approval shall be refused 
if the top of the beam from any single-beam headlamp is 
aimed higher or lower than 5 in. below the lamp center 
level. The tolerance shall be plus or minus 2% in. 

(A tolerance of not more than plus or minus 1 in., while 
not required in this code, is desirable. See Section 2a 
for use.) 

(3) Adverse-Weather Lamps—Approval shall be refused 
if the top of the beam to the left of the prolongation of the 
extreme left side of the vehicle is aimed higher or lower 
than 4 in. below the lamp-center level. The tolerance shall — 
be plus or minus 24% in. 


SAE Recommended Practice 


Report of Lighting Division approved January 1941 and last revised by Lighting Technical Committee December 1948. 


[Electric supplementary driving lamps are for use with head- 
‘lamps other than Sealed-Beam headlamps. The supplementary 
lamp should be turned off when approaching or closely following 
other cars. Switching should be arranged so that when the supple- 
mentary driving lamp switch ts closed, the lamp will light only when 
the upper or country beam from the regular headlamps is in use. 

SAL lighting specrfications are subject to frequent change to 
keep pace with technical advances. This SAH Recommended Prac- 
tice 1s intended for use by State or Federal authorities having 
regulatory powers over motor vehicles, but its inclusion in State or 
Federal laws where flexibility of revision is lacking is discouraged.] 


Definition—A supplementary driving lamp is a unit used to 
supplement the country or upper beam from headlamps other 
than Sealed Beam. It is not intended for use alone or with the 
traffic or lower beam. 

Samples for Test—See Section B of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor. Vehicles. 

Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 


Dust Test—See Section G of SAE Standard on Lighting Equip- 
ment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Photometric-Test Points—See Section J of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Out-of-Focus Tests on Unsealed Units—See Section K of 
SAE Standard on Lighting Equipment for Motor Vehicles. 

Photometric Test—Photometric tests shall be made with the 
photometer at a distance of at least 60 ft from the lamp. 

At-Focus Tests—The light source shall be located in the de- 
signed position as specified by the manufacturer. 

The beam from the lamp shall be aimed vertically with refer- 
ence to the horizontal line through the photometer axis as ri 
fied by the manufacturer. 

The beam from the lamp shall be aimed laterally with rhe: 
ence to the vertical center line through the photometer axis in 
the same manner as the manufacturer specifies that it be aimed 
on the car with respect to th: vertical center line ahead of the 
lamp. 

Candlepower values shall be recorded at 1 deg intervals for all 
points within the angles bounded by 3U, 4D, 12L, and 12R, 
except that in the cases of beams which are symmetrical laterally, 
the complete distribution may be recorded for the left half only. 

The beam from the lamp should meet the photometric speci- 
fications listed below when it is aimed to center the maximum 
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intensity on the photometer axis, except that when the maximum 
exceeds 25,000 ep, the 25,000 cp point directly above the maxi- 
mum ‘intensity should be aimed at the photometer axis. 


POSITION cP MAX POSITION CP MIN 
3U—3L to 3R 3,000 H—3L to 3R 7,500 
2U—3L to 3R 5,000 1D—6L to 6R 2,500 
1U—3L to 3R 8,000 2D—6L to 6R 1,500 

H—V 25,000 H—V 15,000 


The maximum anywhere not lower than 1D should be 
50,000 ep. 


Electric Supplementary 
Passing Lamps 


An aiming tolerance of + 14 deg should be allowed for manu- 
facturing variations. An additional tolerance of =: 20% shall be 
allowed for 12-v filaments. 

Out-of-Focus- Tests on Unsealed Units—Similar tests shall be 
made for each of four out-of-focus filament positions, except that 
the complete distribution may be omitted. Where conventional 
bulbs with two-pin bayonet bases are used, candlepower tests 
shall be made with the light source 0.060 in. above, below, ahead, 
and behind the designed position. If prefocused bulbs are used, 
the limiting positions at which tests are made shall be 0.020 in. 
above, below, ahead, and behind the designed position. 

The beam from each lamp may be reaimed in accordance with 
the instructions above for each of the out-of-focus positions of 
the light source. 


SAE Recommended Practice 


Report of Lighting Division approved January 1941 and last revised by Lighting Technica] Committee December 1948. 


[SAE lighting specifications are subject to frequent change to 
keep pace with technical advances. This SAE Recommended Prac- 
tice 1s intended for use by State or Federal authorities having regula- 
tory powers over motor vehicles, but its inclusion in State or Federal 
laws where flexibility of revision is lacking is discouraged. 

Aiming and Usage 

For greatest visibility, with reasonable limitation of glare to 
approaching drwers, the left edge of the stray light immediately to 
the left of the high intensity zone should be aimed at the vertical line 
through the lamp center, at 25 ft. The top of the high intensity zone 
should be aimed at the level of the passing-lamp center at 25 ft, car 
unloaded. The unit should be turned off when traveling winding 
roads and in congested areas in cities. It should be wired so that it 
can be turned on or off only with the lower or traffic beam of the 
regular headlamps. In event means are provided to permit turning 
the passing lamp on or off conveniently—when the lower beam is 
on—without removing the hands from the steering wheel, an aim 
8 in. higher than that recommended above is desirable.| 


Definition—A passing lamp is a unit intended to supplement 
the lower or traffic beam from headlamps, including Sealed Beam. 

Samples for Test—See Section B of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Dust Test—See Section G of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Photometric-Test Points—See Section J of SAE Standard on 
Lighting Equipment for Motor Vehicles. 


Out-of-Focus Tests on Unsealed Units—See Section K of 
SAE Standard on Lighting Equipment for Motor Vehicles.. 

Photometric Test—Photometric tests shall be made with the 
photometer at a distance of at least 60 ft from the lamp. 

At-Focus Tests—The light source shall be located in the de- 
signed position as specified by the manufacturer. 

The beam from the lamp shall be aimed vertically with refer- 
ence to the horizontal line through the photometer axis as speci- - 
fied by the manufacturer. 

The beam from the lamp shall be aimed laterally with reference. 
to the vertical center line through the photometer axis in the 
same manner as the manufacturer specifies that it be aimed on 
the car with respect to the vertical center line ahead of the lamp. 

Candlepower values shall be recorded at 1 deg intervals for all 
points within the angles bounded by 2U, 114D, 12L, and 12R, 
except that in the cases of beams which are symmetrical laterally, 
the complete distribution may be recorded for the left half only. 

The beam from the lamp should meet the photometric speci- 
fications listed below when it is aimed in accordance with the 
manufacturer’s service instructions. 


POSITION cP MAX 
1U—1L to L and above 400 
YU—I1L to L 500 
14ZD—1L to L 1000 
144D—I1L to L 3000 
2U—1R to R and above 1000 
1U—1R to R 3000 
H—I1R to R 7000 
144D—2R to 4R 10,000 min 


An aiming tolerance of +14 deg should be allowed on indi- 
vidual points. An additional tolerance of - 20% shall be al- 
lowed for 12-v filaments. 

Out-of-Focus Tests on Unsealed Units—Similar tests shall be 
made for each of four out-of-focus filament positions, except 
that the complete distribution may be omitted. Where conven- 
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tional bulbs with two-pin bayonet bases are used, candlepower 
tests shall be made with the light source 0.060 in. above, below, 
ahead, and behind the designed position. If prefocused bulbs 
are used, the limiting positions at whieh tests are made shall be 


Fog Lamps 


0.020 in: above, below, ahead, and behind the designed position. 
The beam from the lamp may be reaimed in accordance with 
the instructions above for each of the out-of-focus positions of - 

the light source. 


SAE Standard 


Report of Lighting Division approved May 1937 and last revised by Lighting Technical Committee January 1951. 


Definition—Fog, or adverse-weather lamps, are lamps which 
may be used in lieu of headlamps to provide road illumination 
under conditions of rain, snow, dust, or fog. 

Samples for Test—See Section B of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

The socket sleeve may be omitted from the reflector. 

The sample should be accompanied by suitable instructions for 
adjustment, sufficient to enable the laboratory operator to 
locate the light source in its correct design position and to aim 
the beams. The laboratory report should include a copy of the 
instructions. 

(Fog lamps are mounted lower than headlamps and are more 
subject to breakage.) 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Dust Test—Where sealed units are used, the dust test shall 
not be required. For other types, see Section G of SAE Standard 
on Lighting Equipment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. . 

Color Test—The light from a fog lamp should be white to 
amber. See SAE Standard on Color Specification for Electric 
Lamps. 

Photometric-Test Points—See Section J of SAH Standard on 
Lighting Equipment for Motor Vehicles. 

Out-of-Focus Tests on Unsealed Units—See Section K of 
SAE Standard on Lighting Equipment for Motor Vehicles. 

Photometric Test—Photometric tests shall be made with the 
photometer at a distance of at last 60 ft from the lamps. 

At-Focus Tests—The light source shall be located in the design 
position as specified by the manufacturer. 


Symmetrical beams shall be aimed straight ahead with the top 
of the beam 4 in. below the lamp center level at 25 ft. Asym- 
metrical beams shall be aimed with the left edge of the high- 
intensity zone straight ahead and the top of the beam 2 in. 
below the level of the Jamp center at 25 ft. 

Candlepower values shall be recorded at 1 deg intervals for all 
points within the angles bounded by 1U, 4D, 12L, and 12R, 
except that in the cases of beams which are symmetrical laterally, 
the complete distribution may be recorded for the left half only. 

When aimed as above, the beam from a single fog lamp shall 
meet the following candlepower specifications: 


POSITION cP POSITION cP 
Lines—8U to 90U....| 75 maxj/H—1R toR.......... 1000 max 
Line —4UR 2 AW, anit 125 max|114D—1L to 3L ..... 8000 max 
Dine==2 Ul. se Adee 200 max|1144D—1R to 38R...... 2000 min 
RAine=VUL ees Le ee 300 maxi144D—8R to 9R...... 1000 min 
HH thitozl.c3, dae 500 max|8D—15L to 15R......|1000 min 


Maximum candlepower shall not be lower than 4 deg D. A 
tolerance of +14 deg shall be allowed for any test point. An 
additional tolerance of +20% shall be allowed for 12-v filaments. 

Out-of-Focus Tests—Similar tests shall be made for each of four 
out-of-focus filament positions, except that the complete distri- 
bution may be omitted. Where conventional bulbs with two-pin 
bayonet bases are used, candlepower tests shall be made with the 
light source 0.060 in. above, below, ahead, and behind the 
designed position. If prefocused bulbs are used, the limiting 
positions at which tests are made shall be 0.020 in. above, below, 
ahead, and behind the designed position. 

The beam from the lamp may be reaimed in accordance with 
the instructions above for each of the out-of-focus positions 
of the light source. 
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Motorcycle and Motor-Driven- 
Cycle Headlamps 


Report of Lighting Technical Committee approved January 1949. 


Definition—A motorcycle or motor-driven cycle headlamp is 
a major lighting device used to provide general illumination 
ahead of the vehicle. A motor-driven cycle is defined, by revi- 
sions approved in 1948 in Act V of the Uniform Code, as every 
motorcycle including every motor scooter with a motor which 
produces less than 5 hp and every bicycle with motor attached. 
_ Samples for Test—See Section B of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section C of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section D of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Moisture Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Dust Test—Where sealed units are used, the dust test shall 
not be required. For other types, see Section G of SAE Standard 
on Lighting Equipment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Color Test—The light from the lamps should be uncolored. 
See SAE Standard on Color Specification for Electric Lamps. 

Photometric-Test Points—See Section J of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Out-of-Focus Tests on Unsealed Units—See Section K of SAE 
Standard on Lighting Equipment for Motor Vehicles. 

Photometric Tests—Photometric tests shall be made at the 
design voltage of the bulb and with the photometer at a distance 
of at least 60 ft from the lamp. 

At-Focus Tests—The light source or sources shall be located in 
the designed position as specified by the manufacturer. 

The upper beam of a multiple-beam headlamp shall be aimed 
visually so that the geometric center of the zone of highest in- 
tensity falls 0.6 deg vertically below the lamp axis. The beam 
from a single-beam headlamp shall be aimed straight ahead with 
the top of the beam aimed vertically to obtain 2000 cp at H—V. 

Candlepower values shall be recorded at 1 deg intervals for all 
points within the angle bounded by 1U, 4D, 12L, and 12R except 
that in the cases of beams which are symmetrical laterally, the 
complete distribution may be recorded for the left half only. 

When aimed as above, the beams or beam from a single motor- 
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cycle or motor-driven cycle headlamp shall meet the following 
candlepower specifications: 


Country or Upper Beam 


MOTORCYCLE MOTOR-DRIVEN CYCLE 
POSITION ; saris 
pepaiies: beam, oe beam, Singlet beam, cp 
1U—4L 8000 max 8000 max 400 max 
1U—V 8000 max | 8000 max 200-1000 
H—V 10000 min 2000 min 2000 

4D—V 20000 min 5000 min 5000 min 
44D—3L and 3R 4000 min 3000 min 3000 min 
4D—6L and 6R 1000 min 750 min 750 min 
1D—V 15000 min 5000 min 5000 min 
2D—V 5000 min 3000 min 3000 min 
3D—V 2500 min 1000 min 1000 min 
3D—6L and 6R 750 min 500 min 500 min 
4D—V 5000 max | 5000 max 5000 max 

Maximum anywhere 75000 == = 


\ 


Trafic or Lower Beam 


MOTORCYCLE MOTOR-DRIVEN CYCLE 
POSITION 
Multiple beam, cp Multiple beam, cp 
144U—I1R to right 750 max 750 max 
1U—1L to left 400 max 400 max 
16U—I1R to right 1500 max 1500 max 
44U—IL to left 500 max 500 max 
4%D—I1R to right 4000 max 4000 max 
14D—I1L to left 1500 max 1500 max 
144D—I1L to left 5000 max 5000 max - 
2D—3R 3000 min 2000 min 
2D—3L 2000 min 1500 min 
2D—6L and 6R 750 min 500 min 
4D—4R 12500 max 12500 max 


An aiming tolerance of +14 deg on both upper and lower 
beams should be allowed for manufacturing variations. An addi- 
tional tolerance of +20% shall be allowed for 12-y filaments. 
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Tail Lamps 


Report of Lighting Division approved March 1918 and last revised by Lighting Technical Committee September 1950. 


SAE Standard 


: 

: 

Dust Test—See Section G of SAE Standard on Lighting Equip-_ 
ment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard on Lighting 


Definition—Tail lamps are lamps used to designate the rear 
of a vehicle by a warning light. 


Samples for Test—See Section B of SAE Standard on Light- 
ing Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section E of SAE Standard on Lighting 

Equipment for Motor Vehicles. 

Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 


Stop Lamps 


Equipment for Motor Vehicles. 

Color Test—The tail lamp indication shall be red. See SAE | | 
Standard on Color Specification for Electric Lamps. 

Photometric Test—See Section L of SAE Standard on Lighting © 
Equipment for Motor Vehicles. All beam candlepower measure-_ 
ments shall be made with a bar photometer, or equivalent, with the 
center of light at a distance of 4 ft from the photometer screen. 
In measuring distances and angles, the incandescent filament 
shall be taken as the center of light. The lamp axis shall be taken — 
as the horizontal line through the light source and parallel to 
what would be the longitudinal axis of the vehicle if the lamp were 
mounted in its normal position on the vehicle. 


SAE Standard 


Report of Lighting Division approved February 1927 and last revised by Lighting Technical Committee September 1950. 


Definition—Stop lamps are lamps giving a steady warning 
light to the rear of a vehicle, or train of vehicles, to indicate the 
intention of the operator of a vehicle to diminish speed or stop. 

Samples for Test—See Section B of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor- Vehicles. 

Dust Test—See Section G of SAE Standard on Lighting Equip- 
ment for Motor Vehicles. 


Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Color Test—The stop signal indication should be red or amber, 
preferably red. See SAE Standard on Color Specification for 
Electric Lamps. 

Photometric Test—See Section L of SAE Standard on Lighting 
Equipment for Motor Vehicles. All beam candlepower measure- 
ments shall be made with a bar photometer, or equivalent, with 
the center of light at a distance of at least 4 ft from the photom- 
eter screen. In measuring distances and angles, the incandescent 
filament shall be taken as the center of light. The lamp axis shall 
be taken as the horizontal line through the light source and 
parallel to what would be the longitudinal axis of the vehicle if 
the lamp were mounted in its normal position on the vehicle. 
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License-Plate Lamps 


SAE Standard 


Report of Lighting Division approved March 1918 and last revised by Lighting Technical Committee January 1950. 


Definition—A license-plate lamp is a lamp used to illuminate 
the license plate on the rear of a vehicle. If a tail lamp or a stop 
lamp is combined with a license-plate lamp, the combination 
should also meet the requirements in the specifications relating 
to these other devices. 

Samples for Test—See Section B of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

, Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Dust Test—See Section G of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Color—The license-plate lamp should be white. 

Optical Requirements—(It is not intended that the unit should 
pass this test if only one of two lamps is operative.) 

The lamp design should be such that, when mounted on a 
vehicle as intended, the angle between the plane of the license 
plate and the plane on which the vehicle stands will not exceed 
90 deg plus or minus 30 deg. 

The lamp and license-plate holder shall bear such relation to 
each other that at no point on the plate will the major portion 
of the light incident at that point make an angle of less than 8 
deg to the plane of the plate. 

The license-plate holder shall be designed and constructed so 
as to provide a substantially plane surface on which to mount 
the plate. 

The license-plate window through which the light passes to 
the license plate shall be of such size and design as to permit the 
light to reach all parts of the license plate. The shadow cast by 
the edge of the license-plate window shall clear the far edge of 
the license plate, as represented by a line 6 in. from the bolt 
centers, by at least 1 in. measured perpendicularly to the plane 
of the plate. i 3 

All foot-candle measurements shall be made on a rectangular 
test plate of clean, white blotting paper mounted on the license- 
plate holder in the position ordinarily taken by the license plate. 
The face of the test plate shall be }{¢ in. from the face of the 
license-plate holder. 


For lamps used on all vehicles except motorcycles and motor- 
driven cycles, the test stations shall be located on the face of the 
test plate as in Fig. 1. 


8 Test Stations, 1" Diam: 


Fic. 1—VeEHIcLE LAMPS 


For lamps used on motorcycles and motor-driven cycles, the 
test stations shall be located on the face of the test plate as in 
Fig. 2. 


8 Test Stations , 1" Diam: 


Fic. 2—Mortrorcrycite anp Motor-DrIvEN CrcLe Lamps 


Photometric Test—The illumination at each of the eight sta- 
tions on the test plate shall be at least 0.5 ft-c. The ratio of 
maximum illumination to minimum illumination shall not exceed 
30 to 1. The average of the two highest and the two lowest illu- 
mination values recorded at the eight test stations shall be taken 
as Maximum and minimum values respectively. 
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Turn-Signal Units 


SAE Recommended Practice 


Report of Lighting Division approved February 1927 and last revised by Lighting Technical Committee September 1950. 


Definition—A turn-signal unit is that part of the signal system 
by which is indicated the direction in which the turn will be 
made. 

Turn-signal units are divided into two groups, Class A and 
Class B. Class A turn-signal units may be used on any vehicle. 

Class B turn-signal units may be used on any passenger car; 
and on any other vehicle where the distance from the center of 
the steering wheel to the extreme left side of the vehicle is less 
than 24 in. and where the distance from the center of the steer- 
ing wheel to the extreme rear end of the vehicle or combination 
of vehicles is less than 14 ft; except that Class B units should 
not be used on truck tractors, house trailers, semi-trailers, and 
trailers with four or more wheels. 

Class A and Class B turn-signal units are divided into three 
types: Type I signal units are lamps which indicate a change in 
direction by giving flashing warning lights on the side toward 
which the turn will be made. 

Type II signal units are lamps which indicate a change in 
direction by means of illuminated flashing arrow heads or other 
similar means on the side toward which the turn will be made. 

Type III signal units include all types of semaphore signals. 

General Requirements—Class A, Type I signal units should 
have at least 12 sq in. of effective illuminated area. In Class A 
and Class B, Type I units, the exposed illuminated area of the 
signal unit need have no arrow, word, letter, or other device in- 
tended to identify the signal. 

A double-faced unit, when subjected to external light rays 
from either in front or behind, at any and all angles, should not 
give the appearance of being internally illuminated to such an 
extent as to be confusing. 

Samples for Test—See Section B of SAE Standard on Light- 
ing Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. A range shall be in- 
cluded for observation of the signal at a distance of at least 
100 ft under normal sunlight and darkness. 

Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Dust Test—See Section G of SAE Standard on Lighting Equip- 
ment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard.on Lighting 
Equipment for Motor Vehicles. 

Color Test—The turn-signal indication should be red or amber 
to the rear and white to amber to the front of the vehicle. See 
SAE Standard on Color Specification for Electric Lamps. 

Photometric Test—For Class A and Class B, Type I signal 
units only, see Section L of SAE Standard on Lighting Equip- 
ment for Motor Vehicles. 

All beam candlepower measurements should be made with the 
incandescent filament of the signal lamp at least 10 ft from the 
photometer screen for Class A, Type I signals and at least 4 
ft from the photometer screen for Class B, Type I signals. 


The lamp axis should be taken as the horizontal line through 
the filament parallel to what would be the longitudinal axis of the 
vehicle if the lamp were mounted in its normal position on the 
vehicle. 

Understandability and Visibility Test—This test is for Class A 
and Class B, Type II and Type III signal units only. 

The significance of the signal as indicating a turn either to the 


left or to the right should be capable of being recognized and — 


: 


; 
: 


being understood in normal sunlight and at night from straight — 


ahead or back through the lamp axis as follows: 


Left signal | 5°U—0° and 5°L__ 
at 100 ft_| _H—0° and 5°L 
— 5°D—0° and 5°L | 


Left signal 
at 35 ft H—0° and 20°L 


5°D—0° and 20°L 


Right sig- | 5°U—0° and 5°R | Right signal | 5°U—0° and 20°R 
nal at H—0° and 5°R at 35 ft H—0° and 20°R 
100 ft 5°D—0° and 5°R 5°D—0° and 20°R 


To determine their understandability, the signals should be 
set up and operated while viewed by at least seven observers 
with normal vision. At least four of the observers must be in 
agreement on the satisfactory operation of the signal. 

Installation Recommendations—(These recommendations are 
not a part of the test specifications.) 

Each vehicle that is capable of being operated separately 
should be equipped with signal units giving signals to the front 
and to the rear and so arranged that front and rear signals may 
be given on the side toward which the turn is to be made. Dual 
front and rear signals may be used on such vehicles. Each vehicle 
not capable of being operated separately, except where Type III 
semaphore signal units are used, should be equipped with rear 
signal units. Signal units on a train of vehicles should be arranged 
so that all signal units on the combination on the side toward 
which the turn is to be made, or only the unit or units of the 
foremost vehicle and the unit on the rearmost vehicle on the 
side toward which the turn is to be made, may be actuated si- 
multaneously, as required by law or regulation. 

Signal units on the front and on the rear should be spaced as 
far apart laterally as practical but not less than 3 ft for Class A 
or 2 ft for Class B units, except that the spacing for motorcycles 
and motor-driven cycles should not be less than 1 ft. 

The location of the front signal units should be such that they 
can be clearly distinguished when the headlamps are lighted on 
the lower beam. 

Signal units should be mounted as high as practical for Class 
A, Type I units. 

Signal units should be mounted so that the signal to the front 
is visible from directly in front to 45 deg to the left for the left 
unit and from directly in front to 45 deg to the right for the 
right unit, and so that the signal to the rear is visible from di- 
rectly to the rear to 45 deg to the left for the left unit and from 
directly to the rear to 45 deg to the right for the right unit; 
except that, on other than the rearmost vehicle, the signal to 
the rear should be visible from not less than 10 deg to the left 


5°U—0° and 20°L 
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to 45 deg to the left for the left signal and from not less than 10 
deg to the right to 45 deg to the right for the right signal. 

Within the horizontal angles specified, all signals should be 
visible from 10 deg above to 10 deg below the horizontal. 

Class A and Class B, Type II signals which incorporate an 
illuminated arrow, or other similar means, should be designed 
so that the surface of the indicating means is free from cavities 
which will collect dust, ice, or similar foreign particles. 


Turn-Signal Operating Units 


Where flashing is provided, turn-signal units should flash no 
slower than 60 nor faster than 120 times per min under average 
operating conditions. The “on” period of the flashes should be 
long enough to permit the bulb filaments to come up to full 
brightness. 

If any turn-signal unit is not readily visible to the operator of 
the vehicle, there should be a visible or audible means of giving 
a clear and unmistakable indication to the driver that the signal 
system is turned ‘‘on”’. 


SAE Recommended Practice 


Report of Lighting Technical Committee approved September 1950. 


Definition—An operating unit is that part of a turn-signal 
system by which the operator of a vehicle causes the signal units 
to function. 

‘Operating units are divided. into two groups, Class A and 
Class B. Class A turn-signal operating units may be used on 
any vehicle. 

Class B turn-signal operating units may be used on any pas- 
senger car; and on any other vehicles where the distance from 
the center of the steering wheel to the extreme left side of the 
vehicle is less than 24 in. and where the distance from the center 
of the steering wheel to the extreme rear end of the vehicle or 
combination of vehicles is less than 14 ft, except that Class B 
operating units should not be used on truck tractors. 

Samples for Test—See Section B of SAE Standard on Lighting 
Equipment for Motor Vehicles. i 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 


Durability Test—The operating unit should be tested under 
conditions (normal bulb load, flasher, pilot) simulating its usage 
on a vehicle. When the operating unit is provided with a self- 
cancelling mechanism, the test equipment should be arranged so 
that the self-cancelling mechanism will cause the operating unit 
to be turned “off” in its normal operating manner. The test 
should be made at a rate not to exceed 25 complete cpm, except 
that when a flasher is used, the rate should be slow enough to 
permit the signal bulbs to flash at least twice for each operation 
of the unit. During the test, the unit should be operated from a 
fully charged 100 amp-hr battery connected to a 10-amp con- 
stant-current charger. 


Test requirements are as follows: 
Class A operating units............. 175,000 complete cycles 
Class B operating units............. 50,000 complete cycles 


If the test unit is still operative after completion of the test 
(except that bulbs may be replaced during the period of test), 
it should be considered satisfactory. 
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Clearance, Side-Marker, 


Identification, and Parking Lamps 


AND PARKING LAMPS 


SAE Standard 


Report of Lighting Division approved January 1937 and last revised by Lighting Téchnical Committee September 1950. 


Definitions—Clearance lamps are lamps on the left and right 
side of the front and rear of a vehicle which show to the front 
and rear, respectively, to mark the extreme sides of the vehicle. 

Side-marker lamps are lamps on the left and right sides near 
the front and rear of a vehicle, which show to the side, to mark 
the sides of the vehicle. 

A combination clearance and side-marker lamp is a single lamp 
which fulfills the requirements of both a clearance lamp and a 
side-marker lamp. 

Identification lamps are groups of three lights in a horizontal 
row, spaced not less than 6 nor more than 12 in. apart, measured 
from center to center of lens, mounted near the top of the center 
of the front and rear of the permanent structure of the vehicle, 
which show to the front and the rear, respectively, to identify a 
certain type of vehicle. 

Parking lamps, whether separate or in combination with other 
lamps, are lamps on the left only or on both the left and right of 
the vehicle which show to the front or rear, or both, and are 
primarily intended to mark the vehicle when parked. 

Samples for Test—See Section B of SAE Standard on Light- 
ing Equipment for Motor Vehicles. ; 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 


Back-Up Lamps 


Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Dust Test—See Section G of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Color Test—Front clearance lamps, front and intermediate 
side-marker lamps, and front identification lamps should be am- 

er. Rear clearance lamps, rear side-marker lamps, and rear 

identification lamps should be~red. The color of the parking 
lamp, when-showing to the front, should be white to amber. 
When showing to the rear, the color should be red. See SAK 
Standard on Color Specification for Electric Lamps. 

Photometric Test—See Section L of SAE Standard on Light- 
ing Equipment for Motor Vehicles. 

All beam candlepower measurements shall be made with a bar 
photometer, or equivalent, with the center of light at a distance 
of at least 4 ft from the photometer screen. In measuring dis- 
tances and angles, the incandescent filament shall be taken as 
the center of light. The axis of a parking, clearance, or identifica- 
tion lamp shall be taken as the line through the center of the 
light source and parallel to the longitudinal axis of the vehicle. 
The axis of a side-marker lamp shall be taken as the line through 
the light source and normal to the vertical plane through the 
longitudinal axis of the vehicle. 


SAE Recommended Practice 


Report of Lighting Technical Committee approved August 1947 and last revised December 1948. 


Definition—Back-up lamps may be used to provide illumina- 
tion behind the vehicle when the vehicle is in reverse motion. 

Means should be provided either to turn the back-up lamps off 
automatically when the vehicle is in forward motion, or to indi- 
cate to the driver by visible or audible means that back-up 
lamps are on. 

Samples for Test—See Section B of SAE Standard-on Lighting 
Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Dust Test—See Section G of SAE Standard on Lighting 
Equipment for Motor Vehicles. 


Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Photometric-Test Points—See Section J of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Photometric Test—Photometric tests shall be made with the 
photometer at a distance of not less than 15 ft from the lamp. 

The light source shall be located at the designed position as 
specified by the manufacturer. 

The light from a single lamp should meet the following ioe 
metric specification when aimed in accordance with the manu- 
facturer’s service instructions: 


Hiand' above tires se ite or: Be 300 ep maximum 
124 Dvand:above ds.oi cx. as ee 800 ep maximum 


The line on the test screen formed by the intersection of the 
horizontal plane through the light source is designated as H. 


— 
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Reflex Reflectors 


SAE Recommended Practice 


Report of Lighting Division approved January 1931 and last revised May 1942. 


Scope—This specification applies to the performance of reflex 
reflectors used to supplement lamps on the motor vehicle. It 
covers Class A and Class B reflex reflectors as defined below. 

The purpose of this specification is to provide a practical 
laboratory test procedure that will insure a satisfactory indica- 


tion from a reflex reflector at the distances prescribed when. 


viewed from the driver’s position behind the headlamps. 

Definition—Reflex reflectors are devices used on a motor vehi- 
cle to give an indication to an approaching driver by reflected 
light from the lamps on the approaching vehicle. A Class A reflex 
reflector shall be visible at night from all distances within 500 ft 
to 50 ft. A Class B reflex reflector shall be visible from all dis- 
tances between 300 ft and 50 ft. 

| Samples for Test—See Section B of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section EK of SAE Standard on Lighting 
Equipment for Motor Vehicles. The vibration test shall be made 
on reflex reflectors which are used separately and not as part of 
a rear lamp. 

‘Corrosion Test—See Section H of SAE Standard on Lighting 
Hiquipment for Motor Vehicles. The corrosion test shall be made 
on reflex reflectors which are used separately and not as part of 
a rear lamp. 

Color Test—See SAE Standard on Color Specification for 
Electric Lamps. 

Setup for Testing—In the laboratory, the reflex reflector to 
be tested shall be located at a distance of 100 ft from a single 
headlamp. The incandescent lamp shall be operated at approxi- 
mately normal efficiency. The beam candlepower projected on 
the reflex reflector shall be 10,000, which may be obtained by 
using a commercial headlamp to which a suitable mask has been 
fitted. A calibrated standard shall be located adjacent to the 
reflex reflector and arranged so that the observer can readily 
vary the candlepower from this standard to make its intensity 
duplicate that of the reflex reflector under test. The calibrated 
standard shall be designed to avoid back reflection in the direc- 
tion of the observer. The calibrated standard shall be of such 
size and emit light of such color and so diffused that, when viewed 
by the observer through a reducing glass if necessary, the candle- 
power from the two units can be readily and accurately com- 
pared. For a reflex reflector used as part of a rear lamp, observa- 
tions shall be made from a point 7 in. above the headlamp center 
and approximately in the plane of the headlamp face. For a 
reflex reflector used separately as an independent unit and not 
as part of a rear lamp, observations shall be made from a point 
7 in. above the headlamp center and an additional set of observa- 
tions from a point 42 in. above the headlamp center. The axis of 
the reflex reflector shall be taken as the horizontal line through 
the center of the reflex area and parallel to what would be the 


longitudinal axis of the vehicle if the lamp were mounted in its 
normal position on the vehicle. 

Photometric Test 

Visual Test—For Class A reflex reflectors, measurements shall 
be made under the following conditions of observation: with an 
angle between a line from the zone of measurement to the unit 
and a line from the projector to the unit of 14 deg and 2 deg; 
with the plane of the unit perpendicular to the line from the 
projector to the unit; with the unit rotated from 10 deg up to 
10 deg down, from 20 deg left to 20 deg right, and from 30 deg 
left to 30 deg right. 

Photoelectric Test—Alternate test methods that employ 
photoelectric cells and give equivalent results will be:acceptable. 

The observed values, given in terms of ‘cp per ft-c incident, 
shall not be less than those shown in Table-1. 


TABLE 1—Minimum Cp for Class A Reflex Reflectors 


10 DEG sorwano| 20 DEG 30 DEG 


en epiON, ose 0 DEG TO BACK LEFT TO RIGHT LEFT TO RIGHT 
48 1.00 0.70 0.70 0.40 
2b 0.05 0.05 0.05 0.03 


57 in. at 100 ft. 
b 42 in. at 100 ft. 


For Class B reflex reflectors, measurements shall be made 
under the following conditions of observation: with an angle 
between a line from the zone of measurement to the unit and a 
line from the projector to the unit of 14 deg; with the plane of 
the unit perpendicular to the line from the projector to the unit; 
with the unit rotated from 10 deg up to 10 deg down and from 
20 deg left to 20 deg right. 

The observed values, given in terms of ep per ft-c incident, 
shall not be less than those shown in Table 2. 


TABLE 2—Minimum Cp for Class B Reflex Reflectors 


RD T 
OBSERVATION, DEG 0 DEG 1OIDES aie ARD TO |0 DEG LEFT TO RIGHT 


ye 0.05 0.03 0.03 


* 7 in. at 100 ft. 


In the case of reflex reflectors designed and intended for 
mounting on opposite sides of the car, the individual units shall 
have the values specified above on the axis, at 10 deg above and 
at 10 deg below, and the unit intended for mounting on the left 
shall meet the 20 deg left value and the right the 20 deg right 
value. 

The uncolored reflection from the front surface shall be such 
that, at any of the test locations, the color of the signal shall 
not be obliterated. 
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School-Bus 
Warning-Signal Lamps 


SAE Recommended Practice 


Report of Lighting Technical Committee approved December 1948 and last revised by Lighting Technical Committee September 1950. 


Definition—School-bus warning-signal lamps are alternately 
flashing lamps at the same horizontal level intended to identify 
a vehicle as a school bus and to inform other users of the high- 
way that such vehicle is about to stop, or is stopped, to take on 
on or discharge school children. 

General Requirements—School-bus warning lamps should 
have at least 12 sq in. of effective illuminated area. The exposed 
illuminated area of the lamp need have no word, letter, nor 
other device intended to identify the signal. 

Samples for Test—See Section B of SAE Standard on Light- 
ing Equipment for Motor Vehicles. 

Lamp Bulbs—See Section C of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section EH of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Dust Test—See Section G of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Color Test—See SAE Standard on Color Specification for 
Electric Lamps. 

Photometric Test—See Section L of SAE Standard on Light- 
ing Equipment for Motor Vehicles. 

All beam candlepower measurements shall be made with a bar 
photometer, or equivalent, with the filament of the lamp at a 
distance of at least 10 ft from the photometer screen. The lamp 
axis shall be taken as the horizontal line through the light source 


Electric Emergency Lanterns 


parallel to what would be the longitudinal axis of the vehicle if 
the lamp were mounted in its normal position on the vehicle. 

General Warning-Signal System Recommendations—(These 
general school-bus warning-signal system recommendations are 
not a part of the test specifications.) 

Each bus should be equipped with two alternately flashing red 
lamps on the rear and two alternately flashing red or amber 
lamps on the front. 

Front and rear signal lamps should be spaced as far apart 
laterally as practical, but in no case should the spacing be less 
than 3 ft. The location of front.signal lamps should be such that 
they can be clearly distinguished when the headlamps are lighted 
on the lower beam. 

Warning-signal lamps should be mounted as high as possible, 
but in no case should the center of the lamp be lower than 6 in. 
below the bottom line of the windows. 

Vision of front signals to the front and of rear signals to the 
rear should be unobstructed by any part of the vehicle 10 deg 
above to 10 deg below the horizontal and from 20 deg to the 
right to 20 deg to the left of the centerline of the vehicle. 

School-bus warning-signal lamps should flash no slower than 
60 nor faster than 120 times per min under normal operating 
conditions. The ‘‘on’’ period of the flasher should be long enough 
to permit the bulb filament to come up to full brightness. 

There should be a visible or audible means of giving a clear 
and unmistakable indication to the driver when the signal lamps 
are turned ‘‘on”’. 

The signal lamps should be controlled by an automatic door- 
operated switch and by a spring-return manual switch. In addi- 
tion, a manually operated master switch should be provided to 
disconnect the complete signal system. 


SAE Recommended Practice 


Report of Lighting Division approved January 1937 and last revised by Lighting Technical Committee January 1949. 


Definition—An emergency electric lantern is a device capable 
of providing and displaying a warning light, either flashed! or 
steady-burning, indicating to the driver of an approaching motor 
vehicle that a hazard is present and that he should proceed with 
caution. 

Samples for Test—See Section B of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Laboratory Facilites—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

1 Flashing greatly increases the attracting power of an emergency electric lantern 
and should be encouraged as a means for identifying the presence of a hazard. 

? The optical specifications are based upon the assumption that suitable regula- 


tions covering the removal or recharging of the electrical supply will be made and 
enforced by the proper authorities. 


Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Moisture Test—See Section F of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

Dust Test—See Section G of SAE Standard on Lighting Equip- 
ment for Motor Vehicles. 

Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

The above tests shall be made before the reliability and photo- 
metric or visibility tests.” 

Color Test—The indication of lanterns using incandescent 
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bulbs shall be red. See SAE Standard on Color Specification for 
Electric Lamps. 

Reliability Test—In the case of lanterns which can be turned 
on or off at will, a sample unit shall be set up in complete form 
and operated for 1000 cycles, using the operating unit or switch 
submitted with the device as a part thereof. This test shall be 
made at a rate not to exceed 50 times per min. In the case of 
flashing units the rate shall be slow enough to permit the unit 
to flash at least twice for each operation of the switch. 

When this test is completed, the operating unit shall not 
show any evidence of material physical weakness, excessive wear, 
or high resistance. 

The lantern shall be turned on for a period of 12 hr. During 
this test, the “on” period for the flasher, if one is provided, 
shall be long enough at all times to permit the source to come up 
to required visibility or full brightness. The rate of flashing during 
the test shall not be less than 60 or more than 150 cpm, except 
for gaseous discharge lamps in which the rate of flashing shall 
not be more than 200 cpm. 

If during these tests the flasher (if one is provided) continues 
to function as specified, and if after these tests the lantern with 
the battery used in the tests meets all optical requirements, the 


3 When the ‘‘on”’ period of a flasher is extremely short as in the case of the gaseous 
discharge lamp operated through a condenser discharge, the candlepower alone with- 
pte duration time of discharge is meaningless; therefore, a visibility test is pref- 
erable. 


Liquid-Burning 


Emergency Flares 


lantern shall be considered satisfactory from the reliability 
standpoint. 

Photometric Test—This test is for emergency lanterns with a 
continuous beam or long “‘on’’-period flash. 

All beam candlepower measurements shall be made with the 
the center of light at a distance of at least 4 ft from the photom- 
eter screen. In measuring distances and angles, the source 
shall be taken as the center of light. The lamp axis shall be taken 
as the horizontal line through the light source parallel to the 
mounting surface as indicated by the manufacturer. 

Directly to the front and rear of the lanterns on the axis, the 
light shall have an intensity of at least 0.50 ep. 

To the front and rear of the lantern, from 244 deg up to 24 
deg down and from 20 deg left to 20 deg right, there shall be at 
least 0.30 ep. 

To the front and rear of the lantern, from 5 deg up to 5 deg 
down and from 30 deg left to 30 deg right, there shall be at least 
0.10 ep. 

Visibility Test—This test is for emegency lanterns with a 
short “‘on”-period flash.* 

In measuring distances and angles, the source shall be taken 
as the center of light. 

To the front and rear of the lantern, from 244 deg up to 244 
deg down and from 20 deg left to 20 deg right, the signal shall 
be visible from a distance of at least 1000 ft after dark. 

To the front and rear of the lantern, from 5 deg up to 5 deg 
down and from 30 deg left to 30 deg right, the signal shall be 
visible from a distance of at least 750 ft. 


SAE Recommended Practice 


Report of Lighting Technical Committee approved January 1949. 


Definition—A liquid-burning emergency flare is a device ca- 
pable of providing and displaying a warning light, indicating to the 
driver of an approaching motor vehicle that a hazard is present 
and that he should proceed with caution. 

Samples for Test—See Section B of SAE Standard on Lighting 
Hiquipment for Motor Vehicles. 

Waboratory Facilities—See Section D of SAE Standard on 
Lighting Equipment for Motor Vehicles. 

Vibration Test—See Section E of SAE Standard on Lighting 
Equipment for Motor Vehicles. 

(Flares shall be provided in sets of three contained in a metal 
rack or metal box which can be securely mounted on the vibration 
machine.) 

Corrosion Test—See Section H of SAE Standard on Lighting 
Equipment for Motor Vehicles. 


Instructions—The manufacturer shall furnish with each set 
of flares submitted for laboratory test printed instructions as to 
wick adjustment, maximum filling level, the method of installa- 
tion, and such other details as the manufacturer may deem neces- 
sary in order that the user of these flares may be able to operate 
them at their maximum efficiency. 

Weatherproof Test—The flares used for these tests shall be 
filled with kerosene to the level recommended in the manufac- 
turer’s instructions and shall have the wicks adjusted as recom- 
mended by the manufacturer. 

After a preheating period of 5 min in still air, a sample flare, 
lighted and mounted in its normal operating position on a table 
rotating at 4 rpm and in a wind of approximately 2 mph, shall 
be subjected to a water spray from an adjustable, solid-cone 
nozzle (such as the ordinary garden-hose spray nozzle) set so 
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that the nozzle outlet is 8 to 12 ft horizontally from the sample 
and 1 to 8 ft vertically above the sample, with the nozzle axis 
pointing upward at an angle of approximately 45 deg with the 
horizontal, and with the water striking the sample at an angle 
of approximately 45 deg with the horizontal in a downward direc- 
tion. 

Under the conditions specified above and with a water pressure 
of 5 to 7% psi at the nozzle, the rate of precipitation at the loca- 
tion of the sample shall be adjusted to 0.10 in. per min. The 
sample shall be introduced gradually into the spray and after 
being placed in the test location shall continue to operate under 
these conditions for 15 min. This test shall be made on each of 
the three flares constituting a set, and two out of three shall pass 
the test. 

With the rate of rotation and the wind condition the same as 
described above, the water pressure shall be further increased to a 
value of 18 to 20 psi and the sample moved farther from the 
nozzle, if necessary, to a location giving a precipitation of 0.01 
in. per min striking the sample at approximately 45 deg with the 
horizontal. Under these conditions, the sample shall continue 
to operate for 1 hr and 30 min. This test shall be made on each 
of the three flares constituting a set, and two out of the three shall 
pass the test. 

Note: Solid-cone spray nozzles, operating at 5 to 744 psi, give 
a spray consisting of relatively large drops when set so that the 
center of the stream at the flare shows 0.10 in. per min precipita- 


tion. At higher pressures, the drops are smaller. These conditions 


are comparable to actual rain. 
Reliability, Stability, and Life Tests—The flares used for these 
tests shall be filled with kerosene to the level recommended by 


the manufacturer and shall have the wicks adjusted in accordance 
with the manufacturer’s instructions. 

A flare that is nearly empty of fuel shall be lighted, placed on 
a horizontal concrete surface similar to a pavement, and allowed 
to burn in still air for a preheating period of 5 min. It shall then 
be placed suddenly in an air stream of 40 mph and withdrawn. 
After rotating through approximately 45 deg, it shall again be 
placed in the air stream and withdrawn. It shall be rotated again 
through an additional 45 deg approximately and placed in the 
air stream and withdrawn a third time. If the flame is extin- 
guished or if the flare slides or is overturned by the wind on any 
one of these three operations, the sample shall have failed to 
pass the test. The test shall then be repeated on each of the other 
two samples constituting a set, and two out of the three shall 
pass the test. 

A flare, lighted and mounted in its normal operating position, 
rotating about its vertical axis at 4 rpm, shall be subjected to a 
horizontal current of air having a velocity the equivalent of 
wind at 40 mph. This test shall continue for 15 min and the flare 
shall remain lighted throughout the entire 15-min period. 

Upon completion of the above test, the flare shall, while lighted 
and rotated as specified above, be subjected toa horizontal current 
of air havinga velocity of 5 mph. The total uninterrupted burning 
time, including the first 15 min at 40 mph, shall be at least 12 hr. 
The flare shall not be refilled during test; there shall be no adjust- 
ment of wick. 

The flare shall operate satisfactorily for a period of at least 2 
hr in still air. 

Photometric Test—A sample flare, when subjected to a wind 
velocity of 5 mph and 40 mph, respectively, shall produce a 
minimum of 0.10 cp in a horizontal direction. 
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e e e 
Lamps for Aircraft Lighting SAE Recommended Practice 
Report of Lighting Division approved January 1946 and last revised by Lighting Technical Committee January 1950. This SAE Recommended 
Practice conforms with a corresponding IES: Recommended Practice. 
[The lamps shown are those recommended for the service indicated. 
This list 1s not intended to be a catalog and hence does not include 
many types of lamps now in use.| 
TABLE 1—Services and Properties of Lamps for Aircraft Lighting 
ieee MAX MAX | RATED pease 
ae SERVICE ae LAMP NO. ARMY-NAVY PART NO. WATTS, Ot BULB BASE FILAMENT peta te Z ee at on Rice: 
ix: ee volts | HR LB 
1 | Landing 6 4538 — 100 W | PAR-46 Se. Term. C-6 — | 334 5.4) — 25 | 0.92 
2) Landing | 12-16) 4537 = 100 W | PAR-46 | Sc. Term. C6 — | 33g | 13.0; — 25 | 0.92 
- 3} Landing | 12-16) 4522 == 250 W | PAR-46 Sc. Term. C-2V = 33% 13.0 | — 25 | 0.92 
4 | Landing | 24-28) 4523 AN3129-4523 250 W | PAR-46 Sc. Term. C-13 aH 33¢ 28.0 — 25 | 0.92 
5 | Landing | 24-28! 4560 AN3130—-4560 600 W | PAR-64 | Sc. Term. C-13 — |4 28.0 | — 25 | 2.00 
6 | Taxiing | 24-28) 4570 — 150 W | PAR-46 | Sc. Term. CC-6 — |4 28.0 | 5.8 300 | 0.92 
7 | Position 6-8 87 = 15 Cp| 8-8 S. C. Bay. C-2R 14 2 6.75| 2.04 300 | 0.021 
8 | Position 6-8 1506° = 24 Cp| GG-10¢ 8S. C. Index.}| CC-6 = 234 6 6.4 | 3.48 300 | 0.019 
9 | Position | 12-16 93 === 15 Cp| S-8. §. C. Bay. | C-2R lig 2 12.8 | 1.15 500 | 0.021 
10 | Position | 12-16} 1512¢ AN8122-1512 24 Cp; GG-10° S. C. Index.} C-2R —_ 2346 | 12.8 | 1.6 300 | 0.019 
11 | Position | 12-16) 1143 = 32 Cp| RP-11 8. C. Bay. C-2R 1% 214 1275 | 213 400 | 0.022 
12 | Position | 12-16) 1747 AN3133-1747 50 Cp} S-11 S.Ct Bay. | G22V *| 1dg | 236), 12.5 | 3.6 300 | 0.022 
13 | Position | 24-28) 1524¢ AN3122-1524 24 Cp | GG-10¢ S. C. Index.}| CC-6 = 2346 | 28.0 | 0.83 300 | 0.019 
14 | Position | 24-28) 3154 — 32 Cp| S-8 S. C. Bay. | C-2V | 14g | 2 28.0 | 1.03 | 300 | 0.021 
15 | Position | 24-28) 311 AN8133-311 50 Cp} S-11 S.C. Bay. | C-2V | 144 | 23¢ | 28.0 | 1.55 | 300 | 0.021 
16 | Interior | 6-8 63 == 3 Cp| G6 8. C. Bay. | C-2R 3% =| 1%._ | 7.0 | 0.73 | 1000 | 0.012 
17 | Interior | 6-8 81 = 6 Cp| G-6 8. C. Bay. | C-2R 3% | 1%_| 6.5 | 1.14 | 500 | 0.012 
18 | Interior | 6-8 87 = 15 Cp| S-8 S.C. Bay. | C-2R | 1g | 2 6.75} 2.04 | 300 | 0.021 
19 | Interior | 6-8 | 1129 == 21 Cp| 8-8 S.C. Bay. } C-2V | 144 | 2 6.4 | 2.91 | 200 | 0.021 
20 | Interior | 6-8 | 1725 = 50 Cp} 8-11 S.C. Bay. | C-2V | 1% | 23% 5.5 | 6.95 | 100 | 0.022 
21 | Interior | 12-16 77 AN3141-77 3 Cp} G-5 8. C. Bay. | C-2V 1l¥g/ 13g | 13.0 | 0.41 | 1000 | 0.012 
22 | Interior | 12-16 89 AN3131-89 6 Cp| G-6 8S. C. Bay. | C-2R 34 | 1%6% | 138.0 | 0.63 | 750 | 0.012 
23 | Interior | 12-16) 1141 AN3124-1141 21 Cp} 8-8 8. C. Bay. | C-2R 1% 2 12.8 | 1.5 500 | 0.021 
24 | Interior | 12-16} 1141SB°| AN3124-SB1141 | 21 Cp| 8-8 S.C. Bay. | C-2R | 144 | 2 12.8 | 1.5 500 | 0.021 
25 | Interior | 12-16) 1747 AN83133-1747 50 Cp; S-11 S. C. Bay. | C-2V 4 238 12.5 | 3.6 300 | 0.022 
26 | Interior | 12-16; 1747SBe| AN3133-SB1747 | 50 Cp| S-11 S.C. Bay. | C-2V | 1% | 23g | 12.5 | 3.6 300 | 0.023 
27 | Interior | 24-28) 301 AN3141-301 3 Cp| G-5 S.C. Bay. | C-2 | Me! 13% 28.0 | 0.19 500 | 0.012 
28 | Interior | 24-28) 303 AN3131-303 6 Cp| G6 S.C. Bay. | C-2 34 | 164 | 28.0 | 0.34 | 500 | 0.012 
29 | Interior | 24-28) 307 AN3124-307 21 Cp| S-8 S. C. Bay. | C-2V | 1% | 2 28.0 | 0.75 | 300 | 0.021 


(Continued on next page.) 
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TABLE 1—Services and Properties of Lamps for Aircraft Lighting (Concluded) 


uicut | MAX MAX. RATED oe 
Alor SERVICE cmcutr LAMP NO. ARMY-NAVY PART NO. WATTS, on BULB BASE FILAMENT ine om a oe a3, ae 

aN IN. | a7 vorts | HR. ae 
30 |Interior 24-28) 307SBe AN3124-SB307 21 Cp} S-8 S. C. Bay. C-2V | 1346 | 2  |28.0) 0.75 | 300 } 0.021 
31 {Interior 24-28) 311 AN83133-311 50 Cp | S-11 S. C. Bay. C-2V |1% 23¢ |28.0) 1.55 | 300 | 0.021 
32 |Interior 24-28} 311SBe AN3133-SB311 50 Cp | S-11 S. C. Bay. C-2V | 1% 23 |28.0| 1.55 | 300 | 0.022 
33 |Interior 24-28] 1385¢ _— 20 W | R-12¢ S. C. Bay. CC-8 — 25 |28.0| 0.79 | 300 | 0.026 
34 {Interior = — _ 6 We| T-5 Min. Bipin — _ 9 —|— _— — 
35 |Interior> — = _ 8 We| T-5 Min. Bipin = — | 12 —| — — —_— 
36 |Interior> = — — 14 We| T-12 Med. Bipin — — | 15 —|— — — 
37 |Interior> — — — 15 We| T-8 Med. Bipin = — 118 | — _— 
38 |Interior> — _— — 30 We| T-8 Med. Bipin — — | 36 —| — — — 
39 |Indicator or|| 6 328 AN3140-328 0.20 A T-134 Mid. Flange | C-6 36 5¢ | 6.0) 0.22 | 500 |0.0012 
40 \Instrument |} 6-8 44 _ 0.25 A T-3% Min. Bay. C-2R 34 1346| 6.3] 0.275) 3000 |0.006 
41 6-8 63 — 3 Cp| G-6 S. C. Bay. C-2R | —-34 1K6| 7.0) 0.73 | 1000 |0.012 
42 6-8 81 = _6Cp| G4 S. C. Bay G-2R 34 1%.6| 6.5} 1.14 | 500 |0 012. 
43 |Indicator or|| 14 330 — 0.08 A T-13% Mid. Flange | C-2V 36 5¢ 114.0) 0.09 | 350 |0.0012 
44 |Instrument |}12-16] 77 AN3141-77 3 Cp| G-5 8. C. Bay. C-2V 1ly,| 13¢ |13.0] 0.41 | 1000 0.012 
45 12-16} 89 AN38131-89 6 Cp| G-6 S. C. Bay. C-2R 34 174¢|13.0| 0.63 | 750 |0.012 
46 12-16] 1816! AN3121-1816 0.33 A T-34% Min. Bay. C-2V 54 1346|13.0] 0.38 | 1000 |0.006 
47 \Instrument | 12-16)/F3RP12- — 3 W | RP-12 D. C. Index. — — | 2%6 | ® _— 200 |0.026 

360BL 

48 |Indicator or||24-28| 327 AN8140-327 0.04 A T-1% Mid. Flange | C-21 3¢ 5 |28.0) 0.048) 350 |0.0012 
49 |Instrument |} 24-28] 301 AN8141-301 3 Cp| G-5 S.C. Bay. C-2 1W,| 13g |28.0| 0.19 | 500 |0.012 
50 24-28] 303 AN8131-303 6 Cp| G-6 8. C. Bay. C-2 34 17{4|28.0| 0.34 | 500 |0.012 
51 24-28} 313! AN8121-313 0.17 A T-344 Min. Bay. C-2 54 134¢|28.0) 0.19 | 500 |0.006 
52 \Instrument | 24-28) F5000 AN3125-F5000 4W | RP-12 D. C. Index. _— _ 2%6| i — 200 |0.026 
53 |Instrument | 24-28) F2T6/BL — 2W | T-6 D. C. Index. == — 23g | i = 200 |0.022 
54 |Signailing | 12-16] 4500 AN8126-4500 6.6 A PAR-36 | Sc. Term. 5C-8 — 25¢ 113.0) — 50 |0.52 
55 |Signalling | 24-28) 4501 AN3126-4501 5.34 PAR-36 | Se. Term. 4CC-8 | — 254 (26.0; — | 40 |0.52 


® Under specified test conditions. 
Fluorescent lamp to be used with auxiliary of proper design; does not operate satisfactorily over the temperaturerange required for military aircraft. 
© Reflectorized bulb. 
4 For horizontal burning only. 
© Silvered bowl. 
Recommended only for intermittent use. 
& Soft white color. 
\ For operation with resistance ballast on 12-16 v direct-current circuits. 
1 For operation with resistance ballast on 24-48 v direct-current circuits. 
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Lamps for Airdrome 
e e e A 
and Airway Lighting SAE Recommended Practice 
Report of Lighting Division approved January 1946 and last revised by Lighting Technical Committee January 1950. This SAE Recommended 
Practice conforms with a corresponding IES Recommended Practice. 
[The lamps shown are those recommended for the service indi- 
cated. This list is not intended to be a catalog and hence does not in- 
clude many types of lamps now in use.] 
TABLE 1—Services and Properties of Lamps for Airdrome and Airway Lighting 
VOLTS sos ves APPROX ee 
Ba SERVICE OR WATTS OR LUMENS BULB BASE FILAMENT SeNuEE ALL LU- AGE LAB 
Ra» AMPS eer LENGTH,| MENS | LIFE, 
‘ IN. HR 
1 |Runway, Threshold, High Intensity 6.6A T-14 Med. Pref. C-13 2346 | 534 _ 75 
2 |Runway, Threshold, High Intensity 115 V4 500 W T-20 Med. Pref. C-13D 2346 | 534 | 18000) 25 
3 |Approach, High Intensity 1216 V 250 W PAR-56 | 2 Cont. Lugs | C-6 = NA = 100 
4 |Approach, High Intensity 115 V 400 W PAR-56 | 2 Cont. Lugs | CC-13 == | MA = 100 
5 |Approach, High Intensity 115 V4 5000 W T-64 Mog. Bipost | C-13 634 |133¢ |164000) 75 
6 |Elevated Strip, Runway, Threshold, Taxi- |6.6 A 30 W T-10 Med. Pref. C-2V 1% | 3154,| 450) 1000 
way 
7 |Elevated Strip, Runway, Threshold, Taxi- |115 V4 T-10 Med. Pref. CC-2V 1} 31546, 425) 1000 
way 
8 |Elevated Strip, Runway, Threshold, Taxi- |6.6 A 45 W T-10 Med. Pref. C-2V 144 | 315%,| 740) 1000 
way 
9 |Elevated Strip, Runway, Threshold, Taxi- |115 V4 100 W T-10 Med. Pref. CC-2V 144 | 3154.4) 1225) 1000 
way : 
10 |Boundary, Wind Tee> 115 V4 25 W A-19 Med. Sc. C-9 2) 31544| 260} 1000 
11 |Obstruction> 115 Vie 50 W A-19 Med. Se. C-9 2) 31546|  550| 1000 
12 |Obstruction> 115:v4 67 W A-21 Med. Sc. C-9 2%6 | 4%eo 685} 3000 
13 |Obstruction® iva 111 W A-21 Med. Sc. C-9 246 | 4% | 1800) 3000 
14 |Runway (Low Intensity), Boundary, |115 V4 40 W A-21 Med. Pref. CC-2V | 234 | 5546 370} 2000 
Taxiway 
15 [Runway (Low Intensity), Boundary, |6.6 A A-21 Med. Pref. C-8 234 | 5546 320} 2000 
Taxiway 
16 |Range, Runway, Threshold (Low Inten- |115 V4 100 W A-21 Med. Pref. CC-2V 234 | 554, | 1170) 2000 
sity) 
17 |Range, Runway, Threshold (Low Inten- |6.6 A A-21 Med. Pref. C-8 234 | 554, | 1000) 2000 
sity) 
18 [Beacon (Airdrome, Airway, Hazard, | 30 V 500 W T-20 Med. Bipost | C-13B 3 744 | 10000} 500 
Landmark) 
19 |Beacon (Airdrome, Airway, Hazard, | 30 V 1000 W T-20 Mog. Bipost | C-13 4 916 | 25500! 500 
Landmark) } / 
20 |Beacon (Airdrome, Airway, Hazard, |115 V4 1000 W T-20 Mog. Bipost | C-13 4 916 | 20500} 500 
Landmark) 
21 |Beacon (Airdrome, Airway, Course |115 V4 500 W T-20 Med. Bipost | C-13B 3 74 9250} 500 
Light, Hazard, Landmark) 
22 |Beacon (Airdrome)> 6 V 100 W PAR-56 | Sc. Term. C-6 — | 44% -- 500 
23 |Beacon (Obstruction Marker) 115 V2 230 W PS-30 Mog. Pref. C-9 546 | 834 3600} 3000 
24 |Beacon (Identification, Obstruction {115 V4 620 W PS-40 Mog. Pref. C-7A 5114 6|1014¢ | 10800} 3000 
Marker) 
25 |Floodlight (Landing Area or Runway) 32 V 1500 W T-24 Mog. Bipost | C-13B 4 1044 | 42000} 100 
26 |Floodlight (Landing Area or Runway) 32 V 3000 W T-32 Mog. Bipost | C-13B 534 (14 88500} 100 
27 |Ceiling Projector 12 V G-25 Mog. Pref. C-2V 11 5346 | 10500) 100 
28 |Ceiling Projector f T-2 Sleeve — — | 344e | 65000; — 
29 |Landing-Direction Indicator 115 V4 8-14 Med. Sc. C-9 2) 34 79| 1500 
(Tetrahedron) 
30 {Air Traffic Signal 6V T-8 DACr Pref: C-2V 1) 3% = 50 
31 |Air Traffic Signal 110 V T-8 D.C. Pref. | CC-13B | 1) 3 1800} 50 
32 |Channel (Water) h 6 W (Green) | T-5 Min. Bipin — — |9 = = 
33 |Channel (Water) h 15 W (Green) | T-8 Med. Bipin — — /|18 900} — 
384 |Channel Threshold (Water) a 6 W (Gold) | T-5 Min. Bipin _ — | 9 a = 
35 [Channel Threshold (Water) h 15 W (Gold) | T-8 Med. Bipin — — {18 375, — 


t Under specified test conditions. 


Recommended for use on airports having nonscheduled operations, 
© Recommended for use on airports having scheduled operations. 


Where necessary, 120- or 125-v lamps are available 


© Vibration service lamp; operating position base up or base down only. A 
f Air-cooled, high-pressure mercury lamp to be used with auxiliary of proper design. 


£ Nominal length. 


Fluorescent lamp to be used with auxiliary of proper design. 


710 RADIO-NOISE SUPPRESSORS 


Radio-Noise Suppressors 


Report of Electrical Equipment Technical Committee approved January 1951. 


Flash-Over Specifications—General—Suppressor units shall 
have such characteristics that flash-over from the installed 
resistor to ground shall not occur at less than 30kv, or at a lower 
voltage than that which is obtained without the insertion of the 
resistor. 

Suppressor elements must have sufficient flash-over distances 
to conform to section on Required Tests. 


Fig. 1—Crrecuir ror Rapio-Noise Suppressor TEstTs 


Required Constanis—The circut in Fig. 1 will be used in all 
tests. 

Circuit constants to be used are 
Battery voltage: 7.0 v 


Coil: Ford type 8EA; Auto-Lite type CE; Delco-Remy 1115380; 


or equivalent 
Primary capacity: 0.21-0.24 microfarad 
Cam angle : 27 deg 
8-cylinder distributor operated at 800 rpm cam 


SAE Recommended Practice 


Secondary capacity: 50 micro-microfarad + 5%, as measured at : 
secondary coil terminal 

Secondary polarity: insulated terminal of gap is negative; AN-P-4 : 
or equivalent 

Temperature: 200 F 

Relative humidity: 95% 

Pressure: atmospheric 

All leads to be held to a minimum length. 

Required Tests—Suppressors in center tower of distributor, 
in leads, and on spark plugs must operate under the conditions © 
specified in Required Constants for a period of 5 min without 
flash-over. External or internal flash-over may be detected by 
observing the characteristics of the gap discharge. With no, 
flash-over, the spark is a thin gray discharge; but with flash- 
over, the discharge is a brilliant blue. 

For suppressors in outer tower of distributor, assemble cap 
on distributor. Plug suppressor into tower adjacent to a cap 
hold-down spring. Operate under conditions specified in Required 
Constants. No flash-over shall occur during 5 min. A flash-over 
in this test may be observed as a miss or a, brilliant blue spark. 

Resistance Rating—Three values are specified. They are 
5000 ohms + 25%, 10000 ohms + 25%, and 15000 ohms + 25%. 

Method of Measuring Resistance—All readings of resistance 
to be made with 5000 v across the resistor being tested. (This 
value will not agree with the resistance as read on a low-voltage 
bridge or ohmmeter.) These readings may be made with any 
device capable of giving a 5000-v pulse of short enough duration, 
and slow enough repetition rate, that the suppressor dissipation 
ration is not exceeded. 

The maximum capacity across the terminals of the unit shall 
not exceed 1 micro-microfarad. 


REFERENCE SCREEN ROOM FOR THE INSPECTION AND TESTING OF RADIO-NOISH SUPPRESSION 711 


Reference Screen Room for the Inspection 


and Testing of Radio-Noise Suppression 


SAE Standard 


Report of Electrical Equipment Division approved January 1942, 


[This SAE Standard covers the size and the general construction 
and arrangement of the standard reference screen room for the 
inspection and testing of radio-noise suppression. It 1s supplemented 
by an SAE General Information giving optional construction 
details and arrangements.] 


The dimensions given in Fig. 1 provide for the largest size 
vehicles, including tanks, which it is anticipated will be subject 
to noise-suppression inspection. 

All power lines for lighting and testing shall be brought inside 
the screen room at the point where screens are grounded. The 
outside and inside screens shall be insulated from each other and 
from ground at all other points. 

Power lines shall be filtered by isolation transformer, filter, 
or both as may be required. All wire conduit shall be bonded to 
the inner screen every 2 ft. 

The dimensions given shall be used for the engineering standard 
or pilot-car screen room. Corresponding dimensions of screen 
rooms for production inspection shall be worked out in accordance 
with the dimensions recommended for clearances and the size of 
the vehicles to be inspected. 

The screens shall be constructed of No. 26 gage B&S (0.0154 


Construction Details 
of Reference Screen Room 
for Radio-Noise Suppression Tests 


4ft bin. Recommended Clearance 


ep — 


f™ .™. 
(-) (oe | 
\—/Lamps*—/ 


Incandescent? Lamps. 
(00 Not use Fluorescent Lights) 


2tt Recommended Clearance 
from any Screened Wal// 


Fig. 1—REFERENCE SCREEN Room DimM=NsIONS 
in.) copper sheathing, continuous seam soldered with noncorrosive 
flux. There shall be no metallic contact between the inside and 


outside layers (screens) or to ground except at the point of 
grounding. 


SAE General Information 


Report of Electrical Equipment Division approved January 1942. 


The details and data included in this SAE General Information 
are optional in constructing individual reference screen rooms. 

Constructional details other than those shown in Fig. 1 for 
light vehicles shall be the same as those shown in Fig. 2 for heavy 
vehicles. 

The copper sheathing in the optional floor constructions shall 


be of No. 26 gage B&S (0.0159 in.), the sheathing or strips in 
each layer to be continuously seam soldered using nonmetallic 
flux. There shall be no metallic contact between the inside and 
outside layers or to ground except at the point of grounding. 


(Continued on next page.) 


712 CONSTRUCTION DETAILS OF REFERENCE SCREEN ROOM FOR RADIO-NOISE SUPPRESSION TESTS 


3 "Plywood Screen 
Protection 


2x4 on8" Centers. Middle 
Layer to be laid at Right 
Angles fo Top and Bottom 


2’*4 and Wood Flooring to 
Le Creosote Lmpregnated 
before Assembly 


Fig. 1—OprronaL CONSTRUCTION FOR LIGHT VEHICLES 


The screening in the exhaust outlet shall be No. 19 gage copper 
wire, 8 mesh, tinned before weaving, and bonded to the copper 
sheathing. 


Inlet for Power-Line Conduit 
Connection to Exhaust Blower 


Copper-Wire Screen 

Cast-Lron Fittings Bonded 

to Screen and! Grounded 

Flexible Connection to Exhaust 
Pipe of Vehicle 


Fig. 3—Exuaust AND PowrEr-LINE OUTLET 


Wh a“ 
Plug-in Strip: s 7 Z 
Outlets on 2 yu 
18" Centers 33 
ef Fae Copper Sheathing 


6'x6 "Stee! Reinforcing 


4°40 2 Asphalt Roofing, applied 

on Wood before Cement rs applied 

2" Ground-Cork Expansion Joint 
tor Block Flooring 

Vacuum Impregnated Creosote Wood Blocks 

Mastic Cement - No Reinforcing 

Copper Sleeve, Soldered to Copper Sheathing, 


Ceramic Drain Tile 


Fic. 2—ConstRucTion ror Heavy VEHICLES 


The exhaust and power-line outlet, shown in Fig. 3, shall be 
bonded to the sheathing and grounded. 

Refrigerator type of locking handles should be used on the 
inside of doors. Screen-room door detail is shown in Fig. 4. 


Rubber Strips behind Copper 
Sheathing to Insure Continuous 
Flectrical Contact when Doors 
are C/osed/ 


Hinge Here 


Fig. 4—ScreEEN-Room Door DETAIL 
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Engine Test Codes SAE Standard 


Report of Gasoline Engine Division approved March 1917. Diesel Engine Test Code last revised December 1941; Gasoline Engine Test Code last 
revised by Engine Technical Committee March 1951. 


[The Diesel and Gasoline Engine Test Codes are intended for 
automotive engines. Table 1, which is part of this editor’s note, 
identifies the test-code forms. 

The Socrety sells the forms indiidually as well as in sets. Figs. 
1-5 are small-scale reproductions of some of the gasoline test-code 
forms. Diesel forms are similar. hata Peck riappeancey seco pee acme et 


A. BUP—BHP is 33,000 {t-b. per min. Observed brake horte- 
power is given by the formula: 


— 2piRNP_ | PRN 
a lea 


The 1951 revision of the Gasoline Engine Test Code differs from 
the previous version primarily in the formula for calculating cor- 
rected brake horsepower. 


i iency == Corrected bhp 
Mechanical Efficiency = Corned Beet ties 


D. Torgue—Torque is recorded in Ib-ft, as corrected torque at 
where ee is brake load in pounds at lever arm R, test speeds, 
R is the dynamometer lever arm in feet 


TABLE 1—Designations of SAE Diesel and Gasoline Engine 


N is engine rpm, 
Test-Code Forms E. Broke Mean Effective Presswre—bmep is computed {rom cor- 
B. Correction Factor—The standard to which corrections shall be rected torque. For four-cycle engines the formula is as follows: 
~ made corresponds to dry air at sea level and @ F. The following 
formula shall be used for correcting observed bhp to standard Corrected beep = 150.87 3 
ek = (psi) 
DIESEL CODE callie 7 


FORM DESIGNATION GASOLINE CODE DESIGNATION 
where T is corrected torque in Ib.-ft 


D is total engine piston displacement in cain. 


Corrected bhp = (cobras bhp + fbp) * 


For two-cycle engines, the formula becomes: 


Rules and DA GA ein * V5) -™ 


Corrected benep = SAT _ (put) 


i i where B is true barometer, io. of Hg. 
Directions E is water vapor pressure (from humidity), in of Hg. 
: is intake air temperature, F. 
| Mechanical DBI1 and DB2 GB 2992 is standard sea level dry air pressure (barometric), | F. Specific Fuel Consumption—Specific fuel consumption shall 
in, of He. be computed on the basis of pounds avoirdupois of fuel pee 
Informa 520 is absolute temperature at 60 F, air temperature, observed brake horsepower-hour. 


tion Sheet 
Engine Log | DC GC 

Sheet 
Curve Sheets | DD1 (0-65 hp) GD1 (0-95 hp, 400-2400 rpm) 
DD2 (0-130 hp) | GD2 (0-95 hp, 500-4000 rpm) 
DD3 (0-260 hp) | GD3 (0-190 hp, 400-2400 rpm) ee et te AE Le dR Agel ae 
DD4 (blank or-. | GD4 (0-190 hp, 500-4000 rpm) Oa 

dinates) GD5 (0-380 hp, 200-2400 rpm) 
GD6 (blank ordinates) 


Fig. 2—Form GA, RutEs anp Directions (Back or Form) 


Sociery of Avvomotive Encrneers, Inc. 
29 w. 39 sv. NEW YORK CITY 


'SAE GASOLINE ENGINE TEST CODE 


MECHANICAL INFORMATION SHEET—GB-I 


SAE GASOLINE ENGINE TEST CODE “Ss Warr Sona Stew Yous NOY, 


RULES AND DIRECTIONS —GA 


y 
4-Comb. Chan vt i 
5-Dry Wt. *(Bare Enginc).....-Ib, We of A 
6-Overall Dimensions: Leng ah, ovenns 
7-Rated Power. bhp @s coer ss .epm for: 
ebhp @. +--+. -+-rpm, M: 
ep @eveeescecre ce Tp 


Note: The purpose of this code is to provide a means of comparing gasoline engines. It is not intended as 2 laboratory 
manual An infallible and simplified method of correcting power output ig not beeved possible at this date. This 
code is considered the nearest present-day practical approach 


This form-GA was adopted by the Society in February | and the other SAE Gasoline Engine Test Code Forms 
1951 to supersede the former SAE Gasoline Engine Test- (Mechanical Information Sheets —GB-1 and GB-2, En- 


ing Forms that were adopted in March 1917 and revised 
in January 1928 and January 1943. The purpose of the 
code it to provide a standard gosoline engine test pro- 
cedure. Copies of this form, Rules ond Directions —GA, 


gine Log Sheet—GC, and Curve Sheets—GD-1 to. GD-6) 
may be obtained at a nominal cost from the Society of 
Automotive Engineers, Inc., 29 West 39th Street, New 
York 18, N. Y. 


MECHANICAL DATA 


Liners. .... +» +.-Liner Material. . 


n. Dist. c, of pin to top. 
GENERAL INSTRUCTIONS \ a . . Cool: 


A complete wandard SAE Gasoline Engioe Test includes the determination at various spends of: P 
i Rita eee ed b) Oil, No. per piston : -in., Type. « 


& Fuel osmaptioars at an 733 50, ii: in: Diam... cin. Length ath. Fixed orFloating. 
‘maximum ral 


17s : 5 Total Bearing Length... 
Roe er a 
weet: 19-Connecting Rod: Type 


Location of hearings. . 
F in. Weight Upper end 
From these determinations the following curves are plotted against engine speed: 20- Weig ht lowerend tb. 
A estierse iso eater lad 21-Con. Rod Bearings: Type. 
Elgato meyers effective pressure 22-Muin Bearings: Type. 
od friction horsepower 23- N 
24-Crankshaft: 
25-Camshaft: 
Driven hy. 
Type of valve lifter, 
Bearings: No... 


|. TEST E, Power Test—For all power tests versas speed, a single series 
of stabilized rung at ascending speeds is suficent This seria of = Sa & 
made until the engine has been thoroughly. from the lowest to the maxi- Valve Valve |{No. Per| **Port| Seat | Ma Cold j Valve] Valve | Lash for 
be made of a stock engine, all parts - 


ars cecal Cor eagise Gating’ ope eto Type | Material | Cyl | Dia. Opens | Closes | Spec. Timing 
used. Accestories on the engine during test are to be listed. A aes 


2. PROCEDURE ey ing Toad recorded 


Adjstmant Tea 30 a, ade ict, man Sort be sotenly lesty asf content treeghont the roe 

Kesengs: oid) tacweahoms: he entire lead sui) )}/F “Engine RFM—Eegina spd should be held'ss mene cones 
4s possible by means jynamomeler load, at wide-open 
Uyottle or by throttle adjustment xt par lad. 


G. Friction Horsepower—The friction horsepower test should 
follow immediately after the power test. The engine should be 
run out of fuel afd motofed with wide-open throttle at maximum 
Re. with Ch water pemperateres, ob ar the Aemperarares 
3 ing, pow time shou 
indeate the Sage and haracteriaue of fe feidlvaed ta sbuins stad sale tadog a cach esl Friston 
‘be made at the lowest steady apeed at which the engine will operate. | sung are made at the same speeds a3 used for the power runs Ie 


D. Duration of ae a ome data are ig! under 
stabilized ‘tonditi general 
9 operating jou, Tw principles govern 


descending order. 


H. Fuel Consumption—Fuel consumption is measured simulta- 
neously with brake horsepower. The fuel consumption measure- 


39-Exhaust Manifold: Type 
40-Flywheel: 0.D..... 


da sal be taken wt meted, Ment mst not be started uni the engine is stabilized. A'measur, 

sn pee torque, speed, and emperature | interval of not less than 40 scc. is used when measoring speed 

and {uel consumption with the automatically synchronized counter- 

2 pees a are to be average sustained values main- | watch combination; for hand operation, not less. than 60. sec 

tuled rer» petied of at lean 14 tiny with so signs: | should be uteed Al! specie fel consumption ball be based 
cant change during that Ume. pea observed brake horsepower. 


41-Vibration Damper. 


"Dery weight shall he that of the bare engine including manifolia carburctor, distributor or magneto, and 
flywheel. The weight of other avevssorice ebull be listed separately. 

**The valve port di: should show the small diameter of the seat rather than the actual port diameter, as the 
former gives the proper area for the control of the flow through the valve. 


(Continued on Sheet CB-2) 


Fic. 1—Form GA, Russ anp Directions (FRONT or Form) Fia. 3—Form GB, Mercuanicat INFORMATION SHEET 


(Continued on next page.) 
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SAE GASOLINE ENGINE TEST CODE 


[Eee Me MO 


29. 39th St. New York, N.Y, 


Society of Autemetive Engineers.tnc, 


SAE GASOLINE ENGINE TEST CODE 


Curve Sbest G04 
Test Pa. 
Se nad gua 


ES Odb ose paareee 
~ Comp. Ratio... .. 


a eocee ee ie Me a= 55 


— - 004 Engine Log Bert... - - - - Octane Barssre 


(eee Re ee ee eS 


SSE Si 


Dry Bulb Temp. _ 
Water Vapor Pressure. _________it 


Copyright Society of Automotive Engineers. inc, 1943 


TRIE TET IRIE TRE ERE ETE EME IEE LIRR IE 
AUQAQUANAPOOULYORRERDLERGONDOOUNAOOROLO OGG: 


Fic. 4—Form GC, Eneine Log Sauer 


Fie. 5—Form GD1, Curve SHEET 


INSERT VALVE SEATS 715 


Insert Valve Seats 


SAE Recommended Practice 


eport of Gasoline Engine Division approved January 1937. 


[The principal dimensions given in this Standard relate to the 
ore in the cylinder head rather than to the inserts themselves, be- 
ause of the difference in required fits and physical characteristics 
f various insert materials. Accordingly, engine designs can be 
miformly dimensioned to provide for interchangeability of various 


yea 


Y Lo Rad Max 
Ufi5— 


inserts, the insert manufacturer selecting the proper dimensions 
for the particular material he uses. The regular series is intended 
primarily for use in passenger-car engines and the heavy-duty 
series for engines in trucks, buses, tractors, and for other heavy- 
duty services.| 


-——___—— 


ere al 
D 


TABLE 1—Dvimensions for Bores* in Cylinder Head and Insert Valve Seats 


REGULAR SERIES HEAVY-DUTY SERIES 
NOMINAL heir ae a : 

Bape eee Bore, B, in., +0.0005 perened Ras Insert thickness, T, in. | Bore, B, in., 0.0005 AES mae Insert thickness, T, in. 
% 1.1250 (134) 0.224 Was 1.1250 (114) 0.260 Yy 
15/6 1.1875 (13{6) 0.224 Vag 1.1875 (1%6) 0.260 A 

1 1.2500 (134) 0.224 Vs 1.2500 (134) 0.260 yy 
1% 1.3125 (1546) 0.224 Te 1.3750 (134) 0.323 Ke 
14% 1.3750 (134) 0.224 Wes 1.4875 (1%) 0.323 Ke 
16 1.4375 (11%{¢) 0.224 % 1.5000 (134) 0-323 5g 
1% 1.5000 (114) 0.255 A 1.5625 (1%6) 0.323 Ke 
1546 1.5625 (1% 6) 0.255 Yy 1.6875 (1114.6) 0.385 34 
13% 1.6250 (154) 0.255 VA 1.7500 (134) 0.385 3 
1K. 1.6875 (126) 0.255 Y¥ 1.8125 (11346) 0.385 34 
1% 1.8125 (1134,) 0.318 an 1.8750 (17) 0.385 3% 
1% 6 1.8750 (174) 0.318 Ke 2.0000 0.448 Ue 
15% 1.9375 (11546) 0.318 Ke 2.0625 (2146) 0.448 Vs 
116 2.0000 0.318 Ke 2.1250 (24) 0.448 Ke 
134 2.1250 (214) 0.380 34 2.1875 (2346) 0.448 Ke 
11346 2.1875 (23{6) 0.380 3g 2.2500 (2%) 0.448 Oe 
1% 2.2500 (234) 0.380 36 2.3125 (2546) 0.448 Ks 
LH{6 . 2.3125 (256) 0.380 34 2.4375 (2146) 0.510 Wy 
2 2.3750 (234) 0.380 36 2.5000 (214) 0.510 5 
2’e — — = 2.5625 (2% 6) 0.510 % 
216 — — = 2.6250 (254) 0.510 % 
2346 — — = 2.6875 (2114) 0.510 \y 
2% — — — 2.7500 (234) 0.510 y% 
2546 = Be = 2.8750 (2%) 0.573 Ke 
23 — — — 2.9375 (21546) 0.573 %e 
2Ke = =: — 3.0000 0.573 He 
244 — — = 3.0625 (3%) 0.573 Ke 
254 a= os = 3.1875 (3346) 0.573 Ke 
234 me = es 3.3125 (3546) 0.573 Ke 


® The sides and bottom of the bore shall be square with a smooth, even finish and with no tool marks so as to give a good, even fit for the insert. 


716 PISTON RINGS AND GROOVES 


Piston Rings and Grooves 


SAE Standard 


Report of Miscellaneous Division approved August 1916 and last revised by Gasoline Engine Division January 1942, 


[This Standard applies primarily to the types of internal-combus- 
tion engines commonly used in automobiles, motorboats, and sumi- 
lar products. For pistons used in aircraft engines and engines not 
of the conventional automobile type, it may be necessary to deviate 


from the rings and grooves recommended wn order to secure most: : 
satisfactory performance, but such modifications should not be: 
made by changing the piston-ring width or radial wall.] 


TABLE 1—Piston-Ring and Groove Widths® 


RING-GROOVE WIDTHS, IN+— 
ALL RING WIDTHS, IN. 
Top compression-ring grooves only Additional compression- and oil-ring grooves 
NOMINAL RING WIDTH 
WAiitdians Under 6 in. 6 to 8 in. 1 to 416 in. diam, 434 to 8 in. diam, 1 to 4146 in. diam, 434 to 8 in, diam, 
diam diam inclusive inclusive inclusive inclusive 

Max Min Min Max Min Max Min Max Min Max Min 
Ve 0.0625 | 0.0620 | 0.0615 | 0.0650 | 0.0640 | 0.0655 | 0.0645 | 0.0645 | 0.0635 | 0.0650 | 0.0640 
364 0.0780 | 0.0775 | 0.0770 | 0.0805 | 0.0795 | 0.0810 | 0.0800 | 0.0800 | 0.0790 | 0.0805 | 0.0795 
340 0.0935 0.0930 0.0925 0.0960 0.0950 0.0965 0.0955 0.0955 0.0945 0.0960 0.0950: 
XK 0.1240 0.1235 0.1230 0.1265 0.1255 0.1270 0.1260 0.1260 0.1250 0.1265 0.1255 
54o 0.1550 0.1545 0.1540 0.1575 0.1565 0.1580 0.1570 0.1570 0.1560 0.1575 0.1565 
346 0.1865 0.1860 0.1855 0.1890 0.1880 0.1895 0.1885 0.1885 0.1875 0.1890 0.1880 
yy 0.2490 0.2485 0.2480 0.2515 0.2505 0.2520 0.2510 0.2510 0.2500 0.2515 0.2505 


_ * The piston-ring grooves in Table 1 provide for a minimum side clearance of 0.001 in. for cylinders under 434 in. diameter and 0.0015 in. for cylinders 434 to 8 in. diameter, 
inclusive. The greater clearance for the top compression ring only is recommended in order to give improved ring performance. Deviation from the clearance standards may be 


necessary depending on the type of ring used. 


TABLE 2—Ring Widths for Cylinder Diameters 


RING WIDTH, IN. 
CYLINDER DIAMETER, IN., 
INCLUSIVE 
Compression rings* Oil rings 
1 to 21546 EP Ml exellent Meee i VA ow) GP ee 
3 to 31346 $63 | 26 |— | | = (= paoioie |e 
4 to 51346 952,136 42) — | || — | te 4 
6 to 8 | Ses PA Ne al lea A 


_* Narrower compression-ring widths specified above are recommended unless ap- 
plication dictates otherwise. Use oil-ring widths as great as space will permit. 


Formulas for Ring Grooves—The groove-bottom diameters 
were calculated from the following formulas: 
Compression-Ring Grooves 
For aluminum pistons, 
A = D — (2T + 0.006D + 0.020) 
For cast-iron pistons, 
A = D — (QT + 0.004D + 0.020) 
Oil-Ring Grooves 
For aluminum pistons, 
A = D — QT + 0.006D + 0.060) 
For cast-iron pistons, 
A = D — (2T + 0.004D + 0.060) 


For All Rings 
B=A — 0.010 
where: A = high limit for groove-bottom diameter 
B = low limit for groove-bottom diameter 
D = nominal cylinder diameter 
T = maximum ring wall 
Cylinder Diameter—It is recommended that the cylinder-diam- 
eter tolerance be specified as plus above the nominal diameter. 
Eccentricity Tolerance—The manufacturing-eccentricity toler- 
ance on the radial wall of all concentric rings and on rings up to 
5 in. in diameter with rough-cast inside surface should be held 
to 0.010 in.; and on rings 5 to 8 in. in diameter, inclusive, with 
rough-case inside surface, to not more than 0.025 in. 
The dimensions recommended are for automotive-engine con- 
ditions, and only maximum ring walls are specified in order to 
control the ring-groove-bottom diameters. 


Il 


(Continued on next page.) 
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TABLE 3—Piston-Ring Radial Wall and Groove Diameters 
MAXIMUM RING-GROOVE-BOTTOM DIAM, IN, MAXIMUM RING-GROOVE-BOTTOM DIAM, IN. 
Seon =peres Cast-iron pistons Aluminum pistons S ey RRS RATA Cast-iron pistons Aluminum pistons 
WALL, IN. ; i IN. WALL, IN. ; 5 

ae Oil rings a maa Oil rings yarns Oil rings Compson Oil rings 

0.050 0.876 0.836 0.874 0.834 414 0.183 4.096 4.056 4.087 4.047 
0.050 0.938 0.898 0.936 0.896 4% 6 0.184 4.156 4.116 4.147 4.107 
0.055 0.990 0.950 0.988 0.948 456 0.186 4.214 4.174 4.205 4.165 
0.055 1.052 1.012 1.050 1.010 4llyg 0.187 4.274 4,234 4.265 4.225 
0.060 1.105 1.065 1.102 1.062 434 0.189 4.333 4.293 4.323 4.283 
0.060 1.167 1.127 1.164 1.124 4134, 0.190 4.393 4.353 4.383 4.343 
0.065 1.219 1.179 1.217 Ae 41g 0.192 4.451 4.411 4.441 4.401 
0.065 1.281 1.241 1.278 1.238 4154/6 0.193 4.511 4.471 4,501 4,461 
0.070 1.334 1.294 1.331 1.291 5 0.195 4.570 4.530 4.560 4.520 
0.070 1.396 1.356 1.393 1.353 56 0.196 4.630 4.590 4.620 4.580 
0.075 1.448 1.408 1.445 1.405 51g 0.197 4.690 4.650 4.680 4.640 
0.075 1.510 1.470 1.507 1.467 536 0.199 4.748 4.708 4.738 4.698 
0.080 1.563 1.523 1.559 1.519 5% 0.200 4.809 4.769 4.798 4.758 
0.080 1.625 1.585 1.621 1.581 5546 0.200 4.871 4.831 4.860 4.820 
0.085 1.677 1.637 1.674 1.634 53% 0.205 4.923 4.883 4.912 4.872 
0.085 1.739 1.699 1.735 1.695 5146 0.205 4,985 4,945 4.974 4.934 
0.090 1.792 1.752 1.788 1.748 54% 0.210 5.038 4.998 5.027 4,987 
0.090 1.854 1.814 1.850 1.810 5%6 0.210 5.100 5.060 5.089 5.049 
0.100 1.896 1.856 1.892 1.852 554 0.215 5.152 5.112 5.141 5.101 
0.100 1.958 1.918 1.954 1.914 5146 0.215 5.214 5.174 5.203 5.163 
0.105 2.011 1.971 2.006 1.966 534 0.220 5.267 5.227 5.255 5.215 
0.105 2.073 2.033 2.068 2.028 51346 0.220 5.329 5,289 5.317 5.277 
0.110 2.125 2.085 2.120 2.080 5% 0.225 5.381 5.341 5.369 5.329 
0.114 2.179 2.139 2.174 2.134 51546 0.225 5.443 5.403 5.431 5.391 
0.117 2.236 2.196 2.231 2.191 6 0.230 5.496 5.456 5.484 5.444 
0.120 2.292 2.252 2.287 2.247 6Y%o6 0.230 5.558 5.518 5.546 5.506 
0.122 2.350 2.310 2.345 2.305 6% 0.235 5.610 5.570 5.598 5.558 
0.125 2.406 2.366 2.401 2.361 6346 0.235 5.672 5.6382 5.660 5.620 
0.128 2.463 2.423 2.457 2.417 6% 0.240 5.725 5.685 5.712 5.672 
0.131 2.519 2.479 2.513 2.473 6%46 0.240 5.787 5.747 5.774 5.734 
0.133 2.577 2.537 2.571 2.531 634 0.245 5.839 5.799 5.826 5.786 
0.136 2.633 2.593 2.627 2.587 6%6 0.245 5.901 5.861 5.888 5.848 
0.139 2.690 2.650 2.684 2.644 644 0.250 5.954 5.914 5.941 5.901 
0.142 2.746 2.706 2.740 2.700 6%6 0.250 6.016 5.976 6.003 5.963 
0.144 2.804 2.764 2.798 2.758 654 0.255 6.068 6.028 6.055 6.015 
0.147 2.860 2.820 2.854 2.814 616 0.255 6.130 6.090 6.117 6.077 
0.150 2.917 2.877 2.910 2.870 634 0.260 6.183 6.143 6.169 6.129 
0.152 2.975 2.935 2.968 2.928 61346 0.260 6.245 6.205 6.231 6.191 
0.153 3.035 2.995 3.028 2.988 67% 0.265 6.297 6.257 6.283 6.243 
0.155 3.093 3.053 3.086 3.046 61546 0.265 6.359 6.319 6.345 6.305 
0.157 3.152 3.112 3.145 3.105 i 0.270 6.412 6.372 6.398 6.358 
0.158 3.212 3.172 3.205 3.165 Tie 0.270 6.474 6.434 6.460 6.420 
0.160 3.270 3.230 3.263 3.223 7% 0.270 6.536 6.496 6.522 6.482 
0.162 3.328 3.288 3.321 3.281 746 0.270 6.598 6.558 6.584 6.544 
0.163 3.389 3.349 3.381 3.341 74 0.275 6.651 6.611 6.636 6.596 
0.165 3.447 3.407 3.439 3.399 746 0.275 6.713 6.673 6.698 6.658 
0.167 3.504 3.464 3.497 3.457 734 0.280 6.765 6.725 6.750 6.710 
0.169 3.563 3.523 3.555 3.515 7"%6 0.280 6.827 6.787 6.812 6.772 
0.170 3.624 3.584 3.616 3.576 74% 0.285 6.880 6.840 6.865 6.825 
0.172 3.682 3.642 3.674 3.634 7%6 0.285 6.942 6.902 6.927 6.887 
0.174 3.740 3.700 3.732 3.692 7% 0.290 6.994 6.954 6.979 6.939 
0.175 3.800 3.760 3.792 3.752 Tie 0.290 7.056 7.016 7.041 7.001 
0.177 3.859 3.819 3.850 3.810 734 0.295 7.109 7.069 7.093 7.053 
0.179 3.917 3.877 3.908 3.868 71346 0.295 7.171 7.131 7.155 7.115 
0.181 3.975 3.935 3.966 3.926 1% 0.300 7.223 7.183 7.207 7.167 
0.182 4.035 3.995 4.026 3.986 T1546 0.300 7.285 7.245 7.269 7.229 
8 0.305 7.338 7.298 7.322 7.282 


(Continued on next page.) 
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PISTON RINGS AND GROOVES 


TABLE 4—Piston-Ring Radial Wall and Groove Diameters for Thick-Wall Compression Rings* 


MAXIMUM RING 
RADIAL WALL, IN. 


MAXIMUM RING-GROOVE-BOTTOM DIAM, IN. 
(COMPRESSION RINGS ONLY) 


Cast-iron pistons 


Aluminum pistons 


CYLINDER 
DIAMETER, IN. 


MAXIMUM RING 
RADIAL WALL, IN, 


MAXIMUM RING-GROOVE-BOTTOM DIAM, IN, 
(COMPRESSION RINGS ONLY) 


Cast-iron pistons 


Aluminum pistons 


24 
2%6 
254 
2146 
234 
216 
246 
21546 


3 
36 
3 
3%6 
34 
3%6 
336 
3Ke 


0.100 
0.103 
0.106 
0.109 
0.112 
0.116 
0.119 
0.122 


0.125 
0.128 
0.131 
0.134 
0.137 
0.141 
0.144 
0.147 


0.150 
0.153 
0.156 
0.159 
0.162 
0.166 
0.169 
0.172 


1.772 
1.828 
1.884 
1.940 
ae 997, 
2.051 
2.107 
2.163 


2.220 
2.276 
2.332 
2.388 
2.445 
2.499 
2.555 
2.611 


2.668 
2.724 
2.780 
2.836 
2.893 
2.947 
3.003 
3.059 


1.768 
1.824 
1.880 
1.936 
1.992 
2.046 
2.103 
2.158 


2.215 
2.271 
2.327 
2.383 
2.439 
2.493 
2.550 
2.605 


2.662 
2.718 
2.774 
2.830 
2.886 
2.940 
2.997 
3.052 


3% 
3%6 
356 
3146 
334 
31346 
3% 
31546 


4 
446 
46 
4346 
4M 
4546 
434 
4% 6 


4M 
4% 6 
45% 
416 
434 
41346 
414 
41546 
5 


0.175 
0.178 
0.181 
0.184 
0.187 
0.191 
0.194 
0.197 


0.200 
0.203 
0.206 
0.209 
0.212 
0.216 
0.219 
0.222 


0.225 
0.228 
0.231 
0.234 
0.237 
0.241 
0.244 
0.247 
0.250 


3.116 
3.172 
3.228 
3.284 
3.341 
3.395 
3.451 
3.507 


3.564 
3.620 
3.676 
3.732 
3.789 
3.843 
3.899 
3.955 


4.012 
4.068 
4.124 
4.180 
4.237 
4.291 
4.347 
4.403 
4.460 


3.109 
3.165 
3.221 
3.277 
3.333 
3.387 
3.444 
3.499 


3.556 
3.612 
3.668 
3.724 
3.780 
3.834 
3.891 
3.946 


4.003 
4.059 
4.115 
4.171 
4.227 
4.281 
4.338 
4.393 
4.450 


® Thick-wall specification is applicable to compression-ring types only. Thick-wall rings are for use in high-output applications in top compression-ring grooves and may be 
used in lower-compression grooves. Thick-wall rings are recommended from 2 to 5 in. in diameter and %2 in. in width; }4-in. wide rings may be used from 4 to 5 in. in di- 


ameter, inclusive. 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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Piston-Ring End Clearance 
and Drain Holes 


SAE Recommended Practice 


Report of Miscellaneous Division approved August 1916 and last revised by Gasoline Engine Division January 1942, 


Piston-ring end clearance must be determined from the mini- 
mum cylinder diameter. It is recommended that end clearance 
for rings be as shown in Table 1. 


TABLE 1—Ring End Clearance 


CYLINDER DIAMETER, IN., INCLUSIVE END CLEARANCE, IN. 


1 to 1154, 0.005 to 0.015 
2 to 31546 0.007 to 0.017 
4 to 5154, 0.010 to 0.020 
6 to 8 0.015 to 0.025 


TABLE 2—Number of Oil-Ring Groove Drain Holes 


CYLINDER DIAMETER, IN., INCLUSIVE NUMBER OF HOLES 


2 to 24% 8 
2% 6 to 2. 10 
3 to 36 12 
3% to 31544 14 
4 to 444 12 
4% 6 to 56 14 
54% «to 51% 6 16 
6 to 6% 14 
6146 to 7146 ; 16 
8 17 


TABLE 3—Size of Oil-Ring Groove Drain Holes 


NOMINAL RING WIDTH, IN. DRILL HOLE DIAMETER, IN. 


% %e 
9) % 

Ke 340 
% 9) 


Nom Cy! Diam 0.003" Toler for 20°Rings 206 %'0D 
0.0055" » 


0003'Ring Groove Toler 10055)» 9 9» 6% 10800 
00 no” ? 1064'0D 
Min Piston Lana Diam 4 gee eae 
Adjacent to Groove Gaging : 
aR Surtace A> 
L 
2.005 Min Flat 
Rin Groove-_s4 Ring Thick- = CANS 


ness #2.0007 


ottom Diam a 


Fie. 1—‘‘K’’-Typr Ring aND GROOVE 


TABLE 4—“K”’-Type Ring and Groove Dimensions® 


B, 1N., FOR CYLINDER 
NOMINAL A DIAMETER C, RING DEG, C’, GROOVE DEG, 
RING SIZE [ree EE as el +15 MIN —15 MIN 
2 to 6% | 66 to 8 
3%. | 0.0935 | 0.0890 | — 15 15 
% 0.1240 | 0.1195 | 0.1185 15 or 20 15 or 20 
oe 0.1550 | 0.1505 | 0.1495 20 20 
46 0.1865 | 0.1820 | 0.1810 20 20 
y 0.2490 | 0.2445 | 0.2435 20 20 
546 | 0.3115 | 0.3070 | 0.3060 20 20 
36 0.3740 | 0.3696 | 0.3685 20 20 


8 The “K’-type of ring is commonly used in high-output internal-combustion 
engines where ring sticking is a problem. These standards are recommended where 
this ring is considered but should not be construed as a recommendation for this 
type of ring if conventional rings are satisfactory. 


720 


Piston and Ring Nomenclature 


PISTON AND RING NOMENCLATURE 


SAE Recommended Practice 


Report of Gasoline Engine Division approved January 1944. 


2—Head 
3—Top Land 
4—2nd Land 


5—Ring-Groove Bottom 


6—3rd Land 
7—Chamfer 
8—Horizontal Slot 
9—Pin Boss 
10—Piston Pin 
11—Pin Hole 
12—Skirt Ring Groove 
14—Bottom Rib 
15—Ring-Groove Pad 
16—Major Thrust Face 
17—Skirt 


Nomenclature 


18—Skirt Relief 
19—Vertical Slot 
20—Oil Drain Holes 
21—Ring Belt 
22—Ring-Groove Side 
23—Oil-Ring Groove 
24—2nd-Ring Groove 
25—Top-Ring Groove 
26—Heat Dam 
58—Pin Bushing 
59—T-Slot 
60—U-Slot 

62—Minor Thrust Face 
63—Slippers 


Dimensional Terms 


1—Land Diameter 


29—Groove-Bottom Diameter 


40—Land Clearance 


57—Minor Diameter 
68—Groove Depth 
69—Groove Width 
70—Major Diameter 


Dimensional Terms 


31—Width 
33—Wall 


37—Side Clearance 
38—Back Clearance 
39—End Clearance 


c 


ONFINED TO  CYLIN 
DIAMETER ~ 


LLL 


LLL LL 
yg | CRRBBAS 
=— 


S39 Ole 
% ESA 
LALLA 


V7 LLL LA 
@ 4 A 


63) 


Wee 
BIN: 
LLL 


Luge 


US c 


ALLIED 


LLL Le 


OH7TLLL. | 


Nomenclature 
30—Side 47—Ventilated Oil (drilled or 
32—Face slotted) 
34—Back D—Flange 
35—Ends E—Channel 
36—Free Gap 48—Grooved 
41—Scraper 50—Bevel Scraper 
42—Taper Face 51—Double Taper 
43—Bevel 52—Inverted Bevel 


44-Compressed Gap 
45—Keystone 
46—Multipiece 
A—Rail 
B—Ventilated Spacer 
C—Expander 
D—Shim 


53—Counterbored 
54—Inside Bevel 
55—Single Hook 
56—Double Hook 
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Engine Mountings SAE Standard 


Report of Engine Division approved April 1919 and last revised January 1942. 


TABLE 1—Engine-Arm Dimensions 


SIZE NO. A B (& D E G R, Max M 
1 231% | 2634 | 2834 | 2 3 | 25% Ke 4 
3 221% | 2414 | 2534 | 214 3 | 2% ZA 34 
4 2214 | 2414 | 2534 | 214 By || GRAS A 234 
5 22% | 2414 | 2534 | 214 3 | 2K VA 234 
oT or 20 213% | 23144 | 3 3 | 2K VA 4 


TABLE 2—Engine-Trunnion Dimensions 


TYPE DIAMETER, IN. LENGTH, IN. 
; 244 14 
Starting-crank bracket........ ( 1y, 
374 1% 
Gear COVER. eet dine 114 


TABLE 3—Flat-Pad Mounting Dimensions 


SAE Housing APPROXIMATE ENGINE 
Number A B c D E PF DISPLACEMENT, CU IN. 


6 7% 
4 and 5 2 | 256) 144-18) 5¢ | 11146 8367| Up to 450 
3 104% 


FACE OF PAD 
(Enlarged View) 


800 and over 


450 to 800 
\ 
J 


Fic. 2—Fiat-Pap MountiIna 
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Engine Flywheel Housings 


SAE Standard 


Report of Flywheel Housing Division approved March 1916 and last revised by Gasoline Engine Division January 1941. 


/6 Bolts 
Spacing 


KYS--5 
SS eS 
ox 


E 


Fig. 1—FLYwHEEL-Hovusine DIMENSIONS 


Table 1 and Fig. 1 give dimensions for flywheel housings. 
Fig. 1 also shows spacings for eight, twelve, and sixteen bolts. 

Clutch Housings—The capscrew holes in the clutch-housing 
flanges shall be 3¢4 in. larger than the nominal diameter of the 
flywheel-housing capscrews. 

The diameter of the pilot on the flange of the clutch housing 
shall be the same as the nominal diameter of the bore in the fly- 
wheel housing; the tolerances shall be plus 0.000 and minus 
0.005 in.; and the maximum eccentricity shall be 0.0025 in. 
(indicated runout, 0.005 in.). 

The maximum yariation of the face of the clutch-housing 
flange from its true position, when rotated about its axis, shall 
be 0.0025 in. (indicated runout, 0.005 in.). 


TABLE 1—Flywheel-Housing Dimensions 


3 
SAE Size No. A B Cc D pEptH, E 

No. Siz 

00 31 3434 | 3314 | 35 31546 16 | K- 

0 2514 | 28 2634 | 2814 | 3146 16 | 4% 

1 20% | 2134 | 20% | — | 31%, | 12 | 4 

2 175 | 1914 | 188g | — 31546 12 | %- 

3 164% | 1784 | 1674 | — | 381546.) 42 ee 

4 1414 | 1576 | 15 — | 31%, | \oeeee 

5 1234 | 14 13K | — 21346 8 | ¥- 

6 1044 | 124% | ly | — 21346 8 | %- 


@ Capscrews shall be threaded in accordance with the Class 2 tolerances of the & 
She te for Screw Threads and shall be equally spaced on each side of the vert 
centerline. 

The tolerance for the flywheel-housing bore shall be plus 0.005 in. and minus 0, 
and the maximum eccentricity 0.005 in. (indicator reading, 0.010 in.), except for 
No. 0 and 00 sizes, which shall be plus 0.010 in, and minus 0.000. 

The maximum deviation of the face of the flywheel-housing flange from its 1 
pe the housing is rotated on its axis, shall be 0.003 in. (indicated run 
0.006 in.) . 


Disc-Clutch Flywheels—Fixed dimensions do not apply 
flywheels for the No. 5 and No. 6 housings. 

The maximum variation of the counterbored surface of { 
flywheel from its true position, when the flywheel is rotated 
its axis, shall be 0.0025 in. when measured at a radius of £ 
in. G@ndicated runout, 0.005 in.). 

The maximum eccentricity for the 1114-in. counterbore in 1 
flywheel shall be 0.0025 in. (indicated runout, 0.005 in.). 

The maximum eccentricity for the bore in the flywheel 
the pilot bearing shall be 0.0025 in. (indicated runout, 0.005 iz 

The maximum distance from the flywheel face to the ends 
the crankshaft flywheel bolts shall be 134. in. 
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Airflow- or Vacuum- 


Governor Flanges SAE Standard 
Report of Engine Technical Committee approved January 1951. 

Table 1 gives dimensions of single-orifice, 2-bolt governor Table 2 gives dimensions of double-orifice, 3-bolt governor 
Janges. The general outline of this type flange (Fig. 1) is not flanges. Orifices may be round or rectangular. The general outline 
ntended to confine dimensionally future designs. (Fig. 2) is not intended to confine dimensionally future designs. 

PERE PA OUTLINE OF GOVERNORS Table 3 gives dimensions of double-orifice, 4-bolt governor 
| | Y 4 GENERAL OUTLINE OF GOVERNORS 


VACUUM BY-PASS 


CHANNEL FLANGE OUTLINE 


Fie. 1—Sinexz-Ortrice, 2-Bott GOVERNOR FLANGE 


TABLE 1—Dimensions of Single-Orifice, 2-Bolt Governor Flanges 


SAE FLANGE SIZE, IN, 


Fic. 2—Dovsiz-ORIFIcE, 3-BoLT GOVERNOR FLANGE 


1 134 14 1%4 Z 
ena cane al 1.000" | 1.187> | 1.500" | 1.937¢ 2.187 TABLE 2—Dimensions of Double-Orifice, 8-Bolt Governor Flanges 
1.094» | 1.2094 | 1.5124 GA Siunap euiCIN: 
1.187¢ | 1.250 | 1.562> 
1.2094 | 1.487» | 1.687¢ w I 
a an d 
an een ike Hors Giselle kesh 0.987" 1.093 x 1.156° 
ki .: b a 
B... 1.187 | 1.343 | 1.468 | 1.656 | 1.781 zee ei 
ce. 1.875¢ | 2.187¢ | 2.500 | 2.812 | 3.125 : 
Be ve io ato ed 1.562 1.562 
Bo. 0.343° | 0.406 | 0.406 | 0.468 | 0.468 D.. 0.343 0.348 
one ES. 0.343 0.3438 
B... 0.343 | 0.406 | 0.406 | 0.468 | 0.468 ©: tb peel 
Fo. 0.718 | 0.875 | 1.000 | 1.125 | 1.281 aes 
Be. 1.500" | 1.437> | 1.437 | 2.000% | 2.250 poe an 
1.6874 | 1.687¢ | 1.7184 | 2.1258 f 
1. en ee eae 0.875 0.875 
1.875» 1.7508 i doo on 
pee, ). .| 0.093 | 0.093 | 0.125 | 0.125. | 0.125 eG EN an ines ann 
Soimerenr) | 2-06 | 2.12 | 2.22 | 2.72 2.80 Oo rt ae Wie iar all ; 
Not Rh eat aie) ) iy 0.562 0.562 
X (approx). ........| 3.78 3.78 3.78 Rai 2 Ske W : 2 47 2.47 
¥Y (approx).........|2.25 |2.25 |2.25 |2.25 | 2.25 CBD PEON Be ea 2 doe oe 
Z (approx)... 1.33. |1.33 |1.45 |1.69 | 1.81 X (appre). eve 3.78 aus 
2. Sea i Ye(approm es stead. 25. fe 2.13 2.13 
® These dimensions pertain to the same flange. : 3 : 
These dimensions pertain to the same flange. * These dimensions pertain to the same flange. 


° These dimensions pertain to the same flange. > These dimensions pertain to the same flange. 
< These dimensions pertain to the same flange. © These dimensions pertain to the same flange. 
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flanges. Orifices may be round or rectangular. The general out- 
line of this type flange (Fig. 3) is not intended to confine dimen- 
sionally future designs. 

All governors listed in Tables 1, 2, and 3 have been tested and 
are in production. 

Typical airflow-type governor loading and unloading curves 
are shown in Fig. 4. 

The terms defined in this SAE Standard apply to airflow- or 
vacuum-type governors. 


[ripe Rees 


{ e 
aan | 


ei 


GENERAL OUTLINE 
OF GOVERNORS 


VACUUM HOLES 


Fic. 3—Dovusie-Oririce, 4-BoLtt GOVERNOR FLANGE 


TABLE 3—Dimensions of Double-Orifice, 4-Bolt Governor Flanges 


SAE FLANGE SIZE, IN. 
1 14 
Bore*Sizes- Ae ooo eas sale Le oe x46 1.140 x 1.2874 
1.187% 
1.502° 
laa 1.625 1.625 
1 Bigs 0.359 0.359 
Tae. 0.343 0.343 
Gee es 1.750 MeSibE 
1.7502 
1.987¢ 
eee 0.687 0.719» 
0.7584 
0.796° 
1 SER a> ee Ry 0.937 0.937 
eA 2 ieee aes ee 0.469 0.469 
W (approx) #.. <...2s.0008 3.08 3.13 
EX AINILONE) 2 orci: beeen eee 3.78 3.78 
LANAPDIOR) ee < acme 2.81 2.81 
MN ADDIORI IS «cio sic asosed 2.31 2.31 


: These dimensions pertain to the same flange. 
These dimensions pertain to the same flange. 
© These dimensions pertain to the same flange. 


Normal Horsepower—The full-throttle brake horsepower out- — 
put of the engine at any given speed without governor at the 
time and under the conditions of the governor tests. 

Governor Cutoff Speed—The highest engine speed, obtained 
with the governor controlling, at which the brake horsepower 
output equals 95% of the normal horsepower for the same speed. 

Governor Cuton Speed—The lowest engine speed at which the 
maximum horse-power is developed with the governor in opera- 
tion while loading the dynamometer. 

No-Load Speed—The highest engine speed, obtained with the 
governor controlling, at which the brake horsepower output 
equals 10% of the normal horsepower for the same speed. 

Overrun—The maximum speed reached by a fully loaded 
engine upon sudden release of load with dynamometer switches 
open. 

Hysteresis—The differential in speed, under any load, between — 
the loading and unloading curves. 

Governor Surge—A regular-rise and fall in engine speed due . 
to unstable governor control, occurring without manual throttle — 
manipulation or external load change. 

Regulation or Speed Droop—The speed differential between 
the no-load point and the cutoff or cuton point, whichever is 
lower. 

Set Road Speed—The engine speed which the governor would 
maintain the wide-open carburetor throttle and with the engine © 
installed in an unloaded vehicle operating on an approximately 
level, smooth highway at the road speed required. 

Cheat—The increase in speed which can be obtained while the 
governor is controlling by suitable manipulation or positioning 
of the carburetor throttle or of the carburetor choke. 


: 
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Fic. 4—Typicat LoaDING AND UNLOADING CURVES FOR AIRFLOW- 
Type GOVERNORS 
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Automotive Carburetor Flanges SAE Standard 


Report of Carburetor Division approved June 1912 and last revised by Engine Technical Committee January 1951. 


Since the original and previously revised SAE Standards 
were developed for throttle-body and air-cleaner flanges, in- Wano Y 
dustry has deviated from them to such an extent that, in many 
cases, a complete revision was necessary. The following stand- 
ards were developed so as to include current carbureter flanges 
that are in production and to act as a guide for future designs. 
No attempt was made to list oval or special shaped connections. 
To avoid possible confusion, the committee recommends that 
carbureter size be designated by the SAE size of the throttle 
flange and the actual throttle bore diameter. The two dimensions 
~ will be separated by a dash, as in 114—17%%., (114 SAE flange 
and a 1%, actual throttle bore). 

It is further recommended that the use of optional and special 
sizes be reduced to a minimum. 


Fig. 1—Srineie-BarreL Tarorrie-Bopy FLANGE 


TABLE 1—Dimensions of Single-Barrel Throtile-Body Flanges* 


SAE CARBURETOR FLANGE SIZE..........-....00---- % % 1 | 14% 1% ; 134 2 
0.8124 1.0622 | 1.3124 1.5624 | PeSTZOe 2.062 } 2.312 
0.750 1.000 | 1.250 1.5002 | 1.6874 | 1.9874 | ~~ 2.1874 
INGHUB! BOLE SIZES Sins ae ee aw eae 0.687 0.9374 | 1.1874 1.4374 | 1.5624 | 1.8124 2.062 
0.625 Per yy 115 ae ey — = 
0.562 0.812 1.0624 1.312 — | = == 
Attaching-hole centers>, T........... 0.906 1.125 1.187 1.343 | 1.468 1.656 1.781 
CUS hrc ts Oe 1.437 | 1.750 j 1.875 2.187 2.500 2.812 3.125 
LAAT OTE, Uo pedcuiads See aaee ae 0.281 0.343 | 0.343 0.406 0.406 0.468 0.468 
Attaching-hole size, W............... 0.281 0.343 0.343 0.406 0.406 0.468 0.468 
Attaching-hole tapping, Y............ 14-20 H{6-18 | 5-18 3£-16 3-16 | VWe-l4 Ye-14 
Flange thickness*, Z................. 0.312 0.312 0.375 0.375 0.375 | _ — 
Heavy-duty flange thickness‘, Z...... 0.312 0.312 | 0.375 0.406 0.468 0.500 0.562 


5 Dimensions specified are for cast-iron throttle bodies. 

For horizontal installations, the centerline of the attaching holes will be vertical plane. 
© For aluminum throttle-body fiange thickness, Z, use heavy-duty dimensions. 
4 These are preferred bore sizes which have been tested and are in production. 


(Continued on next page.) 
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Fig. 2—3-Bott Dovusie-BarRreL THrotTLte-Bopy FLANGE 


a 


iar anil 


ee | 


TABLE 2—Dimensions of 3-Bolt Double-Barrel Throttle-Body Flanges* 


SAE (CARBURETOR \FUANGE SIZE +: (0) (dere consis. ed aren’ ny 1 1» 1b 1p i> 

Actual bore sized 1) 0...) a omen weet tee ogee i 1.062 1.187 1.187 1.250 1.312 1.312 
Bore centers; A eisai nv) Meee ey ee ey Mebane 0.672 0.672 0.765 0.672 0.719 0.765 
Attaching-nolercenters;: Linea <a-eeae e tier ere 1.562 1.562 1.562 1.562 1.562 1.562 
Attaching-hole centers, M.................. 2.00 eee 0.875 0.875 0.875 0.875 0.875 0.875 
Attaching-hole centers; Ni jc - 12.0) oe nog Ae 1.000 1.000 1.000 1.000 1.000 1.000 
Attaching-hole*size. O20 ...04 ace oe Ee ee 0.348 0.343 0.343 0.343 0.343 0.343 
Flange thickness? Pen: 2 ernc.a- onset fom tee 0.375 0.375 0.375 0.375 0.375 0.375 
Heavy-duty-service flange thickness®,P............. 0.487 0.4387 0.437 0.487 0.437 0.437 
US EUG) Oey Aneta Eee eg oa Noah ae meee 0.343 0.343 0.343 0.343 0.343 0.343 
IRAGIOS clemcee nena fee: BRT Nic tir PAAR ain 1.875 1.875 — = 1.875 _ 


® Dimensions specified are for cast-iron throttle bodies. Larger 3-bolt sizes are not recommended. 
> Optional bore and bore-center dimension. 
° For aluminum throttle-body flange thickness, P, use heavy-duty dimension. 


(Continued on next page.) 
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Fic... 3—Dovusie-BarreL TurorrtE-Bopy FLANGE 


TABLE 3—Dzumensions of Double-Barrel Throtile-Body Flanges* 


BOM CARBUBWCOR HLANGN SIE far5 oisisstco)e clastic «/s tj. Oade ed nainaleie bie nia divlecaeiaitie 1 14> 114> 1% 1% 134> 1% 2 


MP OUNSMbOreISIZes AG... acl. cc nist ones nee cv weet haa ee 1.187 1.312 1,312 1.437 1.687 1.812 1.937 2.187 
| MNES ORDICON TOR OME ey oe lis. nccigseseeaede. caves 0.719 0.719 0.797 0.797 0.937 1.062 1.062 1.187 
Attaching -hole CeNtELs,, Clas. nie cx divide ecsle atu susie see ee e+ 1.500 1.625 1.625 1.625 1.843 2.062 2.062 2.375 
Attaching-hole centers, Di... .....c06e.e chee ec steers aeeee 0.812 0.937 0.937 0.937 1.000 1.250 1.250 1.218 
LA DOU dae a iy slot te ne ne se 0.359 0.359 0.359 0.359 0.359 0.390 0.390 0.390 
Meenching hole BIZey Moos. cs sss crc act cee ee ateew scone 0.348 0.343 0.343 0.343 | 0.348 0.406 0.406 0.406 
MeblangenthicknesseNG........ ccc cc cde eee sees bane sc deees 0.375 0.406 0.406 0.406 0.437 0.500 0.500 0.562 
Heavy-duty-service flange thickness’, G@................. 0.375 0.437 0.4387 0.437 0.500 0.500 0.500 0.562 
mttachine-holeicenters, H....... 5.0.0.6. 028 dela yee _ _— a — a 2.750 2.750 2.687 


® Dimensions specified are for cast-iron throttle bodies. 
> Optional bore and bore-center dimension. $ 
* For aluminum throttle bodies, use heavy-duty flange-thickness dimension. 


(Continued on next page.) 
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Fic. 4—Tr.escoreE-Tyre Arr-Horn FLANGE 


TABLE 4—Dimensions of Telescope-Type Air-Horn Flanges 


Single-Barrel Carburetor 


SAE CARBURETOR FLANGE SIZE... 0.0000 one ccesisne es decencesdes % 4% 15 1 14 144 14% 1% 2 
Air-horn diameter, A (max to —0.010)........ 1.187 1.500 1.500 2.312 2.312 2.312 2.625 3.062 3.062 
Clamp length>, B +0015: esr eens ak ee ee 0.500 0.625 0.625 0.625 0.625 0.625 0.625 0.750 0.750 


Double-Barrel Carburetor 


SAE‘ CARBURETOR FLANGE SIZE (i oni.e ose as emetic eairnaioan oe 1 14% 

Airthorn diameter, A. (max to —0.015).. oo. 2.625 | 2.625 Larger telescope-type flanges are not recommended. 

Clamp length®} 9857-0. 015i amy te acd oon 0.625 0.625 
® Optional size. o 


For heavy-duty service and extended tube connection, add }4 in. to B. 


Fig. 5—V-Ciame Tyre Arr-Horn FLANGE 


TABLE 5—Dimensions of V-Clamp Type Air-Horn Flanges 


SINGLE-BARREL CARBURETOR DOUBLE-BARREL CARBURETER 


SAE CARBURETOR FLANGE SIZE .... 4% 18 1 14 1% 14% 134 2 1 14 144° 1% 
Air-horn diameter, C..... 1.500 | 1.500 | 2.312 | 2.312 | 2.312 | 2.625 | 3.000 | 3.000 | 2.625 | 2.625 | 3.000 | 3.375 | Not recom- 
Guide length, D (Min) ...| 0.187 | 0.187 | 0.187 | 0.187 | 0.187 | 0.312 | 0.312 | 0.312 | 0.187 | 0.187 | 0.312 | 0.312 | mended for 
Clamp angle, EZ, deg..... 60 60 60 60 60 60 60 60 60 60 60 60 larger 
Outer-wedge diameter, G.| 2.000 | 2.000 | 2.812 | 2.812 | 2.812 | 3.125 | 3.500 | 3.500 | 3.125 | 3.125 | 3.500 | 3.875 sizes. 
Width of clamp-angle 

PACER. : 2 eee ee 0.078 | 0.078 | 0.078 | 0.078 | 0.078 | 0.078 | 0.078 | 0.078 | 0.078 | 0.078 | 0.078 | 0.078 


* Optional size. 


(Continued on next page.) 


® Use bolt spacing R and S for one hole when relative cleaner position is required. 
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CLEARANCE HOLE DIA. P 
TAPPED HOLE THREAD SIZE Q 
H 
R 
J 
Fig. 6—Screw-Tyrre Arr-Horn FLANGE ie 
N 
Ss 
K 
TABLE 6—Dimensions of Screw-Type Air-Horn Flanges 
SINGLE-BARREL CARBURETOR DOUBLE-BARREL CARBURETOR 

SAE CARBURETOR FLANGE SIZE.;........---+. 00005 1 14 1K 134 2 1 114 1% 134 2 
Bolt-center spacing, H............... 1.812 2.500 2.500 2.812 2.812 2.500 2.500 3.000 3.093 3.500 
Bolt-center spacing, J..... 8 oe .| 1.812 2.500 2.500 2.812 2.812 2.500 2.500 3.000 3.093 3.500 
Air-opening diameter, K............. 1.625 2.562 2.562 2.812 2.812 2.500 2.500 3.000 3.000 3.500 
Mam peawAGtOe Lig ye dees sees cies 2.436 3.250 3.250 3.500 3.500 3.250 3.250 3.843 4.312 4.250 
TST ene OSL A 2.436 3.250 3.250 3.500 3.500 3.250 3.250 3.843 4.312 4.250 
RAN PCACAGIUEM ING 6. c ccties hie eee, 0.312 0.375 0.375 0.375 0.375 0.375 0.375 0.375 0.375 0.375 
Clearance-hole diameter, P.......... 0.265 0.343 0.343 0.343 0.348 0.343 0.343 0.343 0.343 0.348 
Tapped-hole thread size, Q........... 14-20 46-18 | {6-18 | %{6-18 | %{6-18 | % 6-18 | %6-18 | 346-18 | %6-18| %6-18 
Bolt-center spacing®, R.............. 1.718 2.406 2.406 2.718 2.718 2.406 2.406 2.906 3.000 3.406 
Bolt-center spacing’, S.............. 1.718 2.406 2.406 2.718 2.718 2.406 2.406 2.906 3.000 3.406 
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Carburetor Intakes SAE Recommended Practice 


Report of Engine Division approved March 1921. 
The nominal diameter of the carburetor air intake shall be the bureter air cleaners, air heaters, and similar devices wherever 


inside diameter which shall vary by even quarter inches so as to flexible metal tubing is used. 
take standard tubing sizes. This also applies to the outlet of car- 


Carburetor Air-Horn 
Air-Cleaner Mounting SAE Recommended Practice 


Report of Engine Division approved August 1928. 


TABLE 1—Dimensions of Air-Cleaner Mountings 


A B 
0.750-0.740 5% 
1.125-1.115 34 
1.500-1.490 % 
1.624-1.614 % 
1.812-1.802 34 
2062-2 .052 1 
2.312-2.302 1% 
2.625-2.615 1% 
3.125-3.115 13% 


Fig. 1—CarBuRETOR AIR-CLEANER MOUNTING 


Fuel-Pump Mountings 
for Diaphragm-Type Pumps SAE Recommended Practice 


Report of Engine Division approved June 1929 and last revised by Gasoline Engine Division January 1941. 


[The accompanying crankcase pads for mounting fuel pumps are 
for passenger cars, motorcoaches, trucks, and tractors.) 


; a 
\7/ 1e ‘ 


( 5/6"-18 NC-Cl2 

For Heavy-Duty Applica- 

tions, ¥g-/6 NC-C/ 2 
may be used) 


a | 
1.7507 


Fic. 1—Pap ror PREFERRED TYPE 


Where close clearances make it desirable, the preferred type may 
e used in position rotated 180 deg (inverted) Fie. 2—Pap ror ALTERNATE TYPE 


OIL-FILTER MOUNTINGS 


| Oil-Filter Monnens At Srandard 


4 Report of Gasoline Engine Division approved June 1932. 


[The accompanying dimensions are those of the pads provided 
on the engine. The connecting oil passages shall be located within 
the respective areas indicated.] 
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Fic. 1—Smatu Type 


Radiator Nomenclature 


Xoleg Inlet Area 


Fig. 2—Dvuau Typs 


SAE Standard 


Report of Truck and Bus Technical Committee approved May 1949. 


Radiator Cores—Continuous Fin and Tube Core—An assembly 


of fluid tubes of any cross-sectional form, the tubes being joined 


Lge igh ert She eas ee 


together by radiating fins or plates common to all tubes or 
groups of tubes. 

Ribbon Cellular Core—A number of fluid passages made by 
joining metal ribbons at the edges and grouped to form a cellular 
structure. Parts of the cellular structure may be of formed or 


flat ribbon which is not a part of the fluid passages. 

Corrugated Fin and Tube Core—An assembly of fluid tubes in 
line in the direction of airflow and joined in heat-transfer rela- 
tion by corrugated conducting fins inserted between adjacent 
line of tubes. 

Air-Tube Cellular Core—An assembly of air tubes nested so 
as to form fluid passages between the tubes, the passages being 
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sealed at the ends of the tubes. In this type, the fluid may flow 
transversely as well as vertically around the tubes. 

Indwidual Fin and Tube—An assembly of fluid tubes of any 
cross-sectional form to each of which are attached gills or fins 
of circular, square, or other shape, each tube and its fin or fins 
forming a separate unit. 

Left and right of a radiator is termed from the driver’s seat 
or engine side. 

Sheet- Metal Radiators—Figs. 1 and 2 illustrate the nomen- 
clature for sheet-metal radiators. 

Bolted Radiators—Figs. 3, 4, and 5 give the nomenclature for 
bolted radiators. 
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Fig. 1—Suent-Metau Typ 


= Filler Cap 


Overflow Dome 
Top Tank 
Overflow Tube 


$y 


Top 
Header 


Side Member 


Sottom Tank 


Fig. 2—Surret-Metaut Type 
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Fig. 4—Casr or Fasricarep Type (Onn-Pince Corp) 
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Fig. 5—Cast or Fasricarep Type (SEcTioNnaAL) 


| purpose requirements for both the 


_ THIS AREA MUST NOT RESTRICT 


| Water-Thermostat Pockets 


| | Report of Engine Technical Committee approved January 1951. 


General—This standard is intended to eliminate unnecessary 


_ | variations in the size of the cylinder-head water-outlet opening 


|| and the shape of the inlet opening in the water-outlet elbow. 
| These specifications are considered adequate to meet all general- 
“choke-type” thermostat 
pocket and the “by-pass-type” thermostat pocket. 

| Choke-Type Thermostat Pocket—Two sizes of pockets, the 
| “flat flanged” and the “cupped flanged”, Fig. 1 and 2, respec- 
| tively, are for the popular choke-type thermostats. The former 
is considered typical for valve-in-head engines and the latter for 
L-head and T-head engines. The cupped-flanged pocket is 
considered standard for all pockets where the counterbore is 
designed into the pad of the water-outlet elbow. 

By-Pass-Type Thermostat Pocket—This type of pocket is 
standardized in only one size and style as shown in Fig. 3. All 
other larger size or style by-pass pockets are considered special 
heavy duty or obsolete or both by the thermostat industry. 
Note that a 3g5-in. vent hole (see Fig. 3) is common practice 
for diverting air and gases away from the pump and to the upper 
' radiator tank. 
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Fie. 1—Tuermostat Pocket ror STANDARD FLAT-FLANGED 
HOKE THERMOSTAT 
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SAE Standard 


Cluster-Type Thermostat Pocket—The use of two or more 
standard thermostat units in a cluster arrangement is considered 
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Fic. 3—THERMOSTAT POCKET FOR STANDARD By-Pass THERMOSTAT 
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to be good practice. Such pockets should be in accord with the 
standardized pockets. 

Clearance Diameter—The cylinder-head pocket shall be free 
of protruding ribs for hot-spot reasons, and all ribs in the cylinder- 
head water jacket should be designed parallel to the flow. Cross 
ribs are conducive to hot spots by virtue of their damming 
action. 

Neck of Water Outlet Elbow—The neck should be of sufficient 
diameter to provide an area equal to the actual flow area of the 


Fan-Hub Bolt-Circles 
and Pilot Holes 


WATER-THERMOSTAT POCKETS 


thermostat and made to conform to the nearest larger stand- 
ard-size hose connection. 

Obsolete Pocket—The old practice of installing the thermostat 
in the water-outlet elbow by means of retaining rings or springs 
is considered undesirable for the reason that it fails to provide 
positive assurance against excessive leakage around the thermo- 
stat, especially when replacement of damaged or disintegrated 
retainers is neglected. 


- 
A 


SAE Recommended Practice 


Report of Engine Technical Committee approved January 1951. 


SIZE OF BOLT HOLES C 
SIZE OF PILOT HOLE D 


4 BOLT TYPE FAN 
MOUNTING HOLES 


NUMBER OF BOLT HOLES EQUALLY SPACED B 


TABLE 1—Standard Mounting Dimensions for 


i i 


section AA 
DUST CAP DIA. 


6 BOLT TYPE FAN PILOT HOLE IN FAN 


MOUNTING HOLES 


Cooling Fans of Internal-Combustion Engines 


BOLT-HOLE- NUMBER OF SIZE OF SIZE OF FAN SIZE OF PILOT SIZE OF DUST 
FAN DIAMETER CIRCLE DIAMETER BOLT HOLES, BOLT HOLES, PILOT HOLE, SIZE OF HUB HOLE FOR CAP AS PILOT, USED ON 
A B G D Neg as DUST caP, E PF 
16 to 19 in- | 1.75 + 0.005 4 0.6287 0.6267 Bearing-shaft pilot 
clusive aus suena 0.6262 a a 
a 1.75 + 0.005 4 0.7525 0.751 Bearing-shaft pilot 
0.340 + 0.010 0.7515 0.750 _ _ 
1.75 + 0.005 4 1.002 0.998 Hub pilot 
0.340 + 0.010 1.000 0.996 — — 
20 to 24, in- | 2.50 + 0.005 4 +0.015 | ; 1.498 1.859 1.855 | Hub pilot, dust-cap pilot, 
: 0.385 | #3502 
clusive —0.000 E and F 
6 +0.015 | 1.496 185655 1.852 
0.385 ~0.000 1.500 H 
25 to 28, in- | 3.50 + 0.005 4 +0.015 1.998 2.059 2.052 Hub pilot, dust-cap pilot, 
E 0.510 2.002 
elusive —0.000 E and F 
6 +0.015 1.996 2.056 2.049 
0.385 ~0.000 2.000 | 
29 to 36, in- | 4.50 + 0.005 4 0.510 +0.015 2.503 2.498 2.448 2.444 Hub pilot, dust-cap pilot, 
clusive ‘ —0.000 3 E and F 
\ 
6 +0.015 2.496 2.445 - 2.442 
0.385 ~0.000 2.500 


_Y-Belts and Pulleys 


(This specification was first formulated with the cooperation of a 
| V-belt committee appointed by the Rubber Manufacturers Associa- 
| tion. The belts and pulleys specified are intended primarily for 
_ || automotive applications such as fan, generator, and pump drives; 
|| and where the load capacity of a single standard belt is inadequate, 
|| the required capacity can usually be obtained by using standard 
belts and pulleys in multiple.] 


| 


| Recommended Method of Making V-Belt Drive Layouts— 
sf f It is very desirable to make the pulley diameters as large as 
possible without exceeding 7000-fpm belt speed. Pulley diameters 
| should never be smaller than shown in Table 1. 

Pulleys should be laid out in the positions desired (Fig. 2) 
| when a new belt is applied and first brought to driving tension. 

| The adjustable pulley should be movable back from the initial 
"desired running position by an amount equal to the belt thickness 
to facilitate applying the belt. If such allowance is not provided, 

; | 


hs 
x 
| 


S$ Groove sides 

g to be free of 
fool marks anal 
rough sports 


Fig. 1—V-Bretr PuLLeEyY Groove 
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SAE Standard 


; Report of Miscellaneous Division approved August 1915 and last revised by Engine Technical Committee January 1951. 


the belt may be injured by prying it on over the side of the 
pulleys. The adjustable pulley should also be movable in the 
other direction sufficiently to take up at least 214% of the belt 
circumferential length in addition to the allowance for applying 
the belt. 

The contour of the belt will then be given by the tangents and 
connecting circles 3 in. larger in diameter than the outside 
diameter of the pulleys. 

Insert pins every 34 in. on the curved portions of the belt 
contour, and measure the length over these pins with a flexible 
14-in. steel tape. This method is accurate to about 1%, in., and 
the length so determined may be used for selecting the original 
sample belt. 

The included angle of the belt shall be determined by the belt 
manufacturer to meet the specific requirements of each belt- 
drive application. 

Method of Checking V-Belts—Length of V-belts shall be 


P= Pulley Outside Diam 
D-PFt 3 mm, 


Fie. 2—V-Beitt Layour ror Measuring Brit LEenerus 


TABLE 1—V-Belt and Pulley Dimensions (See Fig. 1) 


} pacity and belt life are materially reduced when they are use 


| ‘ GROOVE DIMENSIONS 
& re Peres PULLEY OUTSIDE DIAMETER, IN., +0.010 5 - Mini h.D 
Top wide aoe Angle A, deg, +34 deg s seiner a ane 
5 % 3 and larger 0.625 28 19%, 
Ke 1349 3 to 4 in. incl* 0.625 34 54 
Over 4 to 6 in. incl 36 
Over 6 in. 38 
34 Ke 3 to 4 in. incl* 0.688 34 UAé 
Over 4 to 6 in. incl 36 
Over 6 in, 38 
% % 34% to 414 in. incl 0.813 34 1346 
Over 444 to 6 in. incl 36 
Over 6 in. 38 
1 Xe 4 to 6 in. incl* 0.938 34 146 
Over 6 to 8 in. incl 36 
Over 8 in. 38 
® Caution: in designing V-belt drives, it must be borne in muse that these small-diameter pulleys should be used only in extreme cases and that the power-transmitting ca- 


aq 
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measured on a standard fixture! with the belt mounted on two 
434-in. outside diameter pulleys (Fig. 3) under tensions as 
follows: 


Belt Size, In. Tension, Lb 
5% and 1%, 60 
34 80 
% 100 
1 120 


The groove in the pulleys (Fig. 1, W) shall be 34 deg included 
angle and 154. in. wide at the top. 

After applying tension to the belt the pulleys should be 
rotated at least one turn to seat the belt or they may be rotated 
continuously at slow speed. 

Belt length shall be designated as the outside length of the 
belt. Lengths shall be checked by the center-to-center distance 
of the pulleys on the fixture with a tolerance of plus or minus 
¥ in., in accordance with the length formulas stamped on the 
notched pulley shown in Fig. 3. The original center-to-center 
distance on the fixture shall be determined by an original sample 
belt of correct length. 

Belt Ride-Out—The ride-out of the belt shall be 1, in. plus or 
minus 14, as measured from a straightedge across the top of the 
belt to the bottom of the proper notch (Fig. 3) in the fixture 
pulley. 
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Fig. 3—Norcuep PULLEY For TEesTING FIXTURES 


Notched Pulley—The notched pulley is to be stamped a 
follows: 

Stamp at A—SAE 1 in., belt length = 2 x (c toc) + 15.315 in. 
at B—SAE 7 in., belt length = 2 x (ce toc) + 14.033 in. 
at C—SAE 34 in., belt length = 2 x (ec toc) + 12.751 in. 
at D—SAE 5¢ and 114g in., belt length = 2 X (cto c) 

+ 12.110 in. 
Two pulleys are to be used on each testing fixture, one to be 
notched as shown in Fig. 3 and the other without notches. 
Designation of Belt Size—Belts shall be specified and marked 
by SAE size number and the center-to-center distance in inches 
between the pulleys, as established on the testing (checking) 
fixture. 


0.380-In. and 0.500-In. V-Belts and Pully Grooves 


Grooves—The pulley grooves shall conform to the dimensions 
given in Fig. 4 and Table 2. 


1 The layout for a suitable testing fixture, SAE drawing 7-7-10, may be obtained 
from the Society at nominal cost. 


Method for Measuring Belt Length—For measuring length, 
two pulleys, each 3.820 in. nominal diameter for 0.380-in. belts 
and for 0.500-in. belts, shall be used. The pulleys shall conform 
to the groove standard except that the 0.06 radius shall be 
omitted, the diameter and groove width tolerances shall be 
+0.0005, and the groove angle shall be 36 deg + 5 min. The 
measuring tension shall be 60 lb (30 Ib on each strand of belt) for 
0.380-in. belts and for 0.500-in. belts. After rotating the belt by 
hand, the center distance shall be measured. Twice the center 
distance plus 12 in. for 0.380-in. and 0.500-in. belts shall be 
taken as the SAE length of the belt. 

Standard Lengths—Standard lengths shall be in 1-in. inere- 
ments without fractions up to and including 60 in. Above 60 in., 
the increments shall be 2 in. without fractions. It is recognized 
that some belt layouts may require intermediate lengths. 

Length Tolerances—The standard length tolerances shall be 
+14¢ in. on centers for belts up to but not including 50 in.; 
+34. in. on centers for 50 in-to 60 in., both inclusive; +14 in. 
on centers for lengths over 60 in. to 80 in., inclusive. 


TABLE 2—Dimensions of 0.880-In. and 0.500-In. Pulley Grooves 


W D (mtn) d (BALL DIAMETER) K 2K 
0.380 0.480 0.3125 0.077 0.154 
0.500 0.562 


0.4375 0.157 0.314 


-06R 


D MIN 


NOMINAL DIAMETER+2K+.025" 
NOMINAL DIAMETER 


Fig. 4—0.380-In. anp 0.500-In. PuLtEY Groove 


Note 1—The sides of groove shall be smooth. 

Note 2—Radial run-out shall not exceed 0.015, total indicator 
reading. Lateral run-out shall not exceed 0.015, total indicator 
reading. Run-out in the two directions shall be measured 
separately as total indicator readings of movement of ball mounted 
under spring pressure to follow groove as pulley is rotated. Di- 
ameter, load, and over-hang conditions may require or permit 
variations in the above specified run-out limits. 

Note 3—Bottom corner radii optional, but if used, it shall be 
below the depth, D. 

Note 4—In pulleys for use with belts in multiple on common 
centers, the diameters over the ball gages shall not vary more 
than 0.005 in. from groove to groove in the same pulley. 

Note 5—Centerline of groove shall be 90 deg + 2 deg with pulley 
axis. 
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Power Take-Off 


SAE Standard 


Report of Transmission and Truck Division approved August 1919 and last revised by Motorcoach and Motor Truck Technical Committee 


March 1949. 


The accompanying mounting and gear locations are appli- 
cable for all general installations of power take-off on the trans- 
mission-gear box of motor trucks and tractors where the size of 
the transmission permits. The adapter plate shown for the 8-bolt 
mounting allows the use of power take-offs designed for the stand- 
ard 6-bolt aperture. 


Z6USS. Tap, 
6 Holes 


6-8 Pitch 


Pitch Diam \ 
of Drive Gear 
on Counter- 


Alternate Face 
of Flange 


Fig. 1—Rreuiar-Duty Typr 


‘ 
0.025 (Gasket 
Compressed) 


|eshim(ENom) 


Gear on Counter) 


Pitch Diam 
6-8 Pitch CEN 
shaft ‘ 


Face of 
Aperture 


Adapfer Plate 
for 6 Bol/* 
SAE Mounting 


“Tap 2"/4(NC)Amer Std CI 2—6 Holes 


Fig. 2—Hnavy-Duty Tyrr 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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Hydrodynamic-Drive 


Terminology 


SAE Recommended Practice 


Report of Hydrodynamic Drive Technical Committee approved January 1951. 


[Since the torque converter and fluid coupling have become a com- 
monly used component of automatic transmissions in American 
industry, the SAE appointed a committee to standardize termi- 
nology, test procedure, data recording, design symbols, and so forth 
in this field. The following committee recommendations will facili- 
tate a clear understanding for engineering discussions, compart- 
sons, and the preparation of technical papers. 

Practice in industry at present is not uniform. The recommended 
usages represent the predominating practice or the acceptable prac- 
tice. Where agreement is not complete, alternates have been included 
for clarification. For example, three systems of blade-angle desig- 
nations are described. Consequently when a blade angle is spectfied, 
the system should be designated. 

This SAE Recommended Practice deals only with the physical 
parts and dimensions and does not attempt to standardize the 
design considerations, such as the actual fluid flow angle resulting 
from the physical blade shape.] 


Hydrodynamic drive, as contrasted with electrical or mechani- 
cal and so forth, is the type of drive that transmits power solely 
by dynamic fluid action in a closed recirculating path. 


Fluid coupling is a hydrodynamic drive which transmits 
power without ability to change torque. (Torque ratio is unity 
for all speed ratios.) See Fig. 1. 


DESIGN PATH 


PUMP OR 
IMPELLER 


MAX. DIA. OF CORE OR 
FLOW PATH INNER SHELL OR 
INNER SHROUD 
SHELL OR SHELL OR 
OUTER SHELL OUTER SHELL OR 


OUTER SHROUD 


Fig. 1—F.uip Cournine 


Torque converter is a hydrodynamic drive which transmits 
power with ability to change torque. (Torque ratio is a function 
of speed ratio.) See Figs. 2-5. 


Stage (single-stage, two-stage, three-stage) applied to a torque 
converter refers to the number of driven members separated 
from each other by members of different function such as stators 
or input members. See Figs. 2 and 3. 


Phase (single-phase, two-phase, polyphase) applied to a torque 
converter refers to the number of functional arrangements of 
the working members when the functional change is by mechani- 
cal means; for example, a stator which may free-wheel in one 
direction. See Figs. 4 and 5. 


FLUID FLOW DIRECTION 
TURBINE 


PUMP OR IMPELLER 
STATOR OR REACTOR 


SHELL_OR OUTER SHELL 
OR OUTER SHROUD 


DESIGN PATH 


CORE OR INNER 
SHELL OR INNER 
SHROUD 


Fig. 2—SineLE-PHasb, SINGLE-Srace TorQque CONVERTER 


157 STATOR OR 
REACTOR 


DESIGN PATH 


2%. STATOR 
OR REACTOR 


3 TURBINE 


OUTPUT 


Fig. 3—SincLE-PHase, THREE-STAGE TorRQUuE CONVERTER 


d 
| 


‘ 


Member refers to a functional component of the hydrodynamic 


drive such as a pump, turbine, or stator. 
Pump or impeller designates the power-input member. 
Turbine designates the output member. 
Stator or reactor designates the reaction member. 


Nomenclature of multiple members of basically the same 
function in both polyphase and multistage torque converters 
should be named in the order of fluid circulation in normal 
operation. 


first stator 
second stator 
and so forth 


first turbine 
second turbine 
and so forth 


first pump 
second pump 
and so forth 


(Continued on next page.) 


TURBINE 
PUMP OR IMPELLER 
STATOR OR REACTOR 


FLUID FLOW DIRECTION 


ONE WAY ELEMENT 


OUTPUT SHAFT 


Fic. 4—Turete-MemBer Two-PHase Torqurt CONVERTER 
FLUID FLOW DIRECTION 


TURBINE 


15T- STATOR OR REACTOR 
2ND. STATOR OR REACTOR 


1ST. PUMP OR IMPELLER 
2ND. PUMP OR IMPELLER 


Fig. 5—Five-MemsBer Potyrnase Torque CoNnvERTER 


Blade designates the element of a member upon which the 
fluid exerts working force. 


Shell, outer shell, or outer shroud designates the outside wall 
of the toric fluid path in any member. See Figs. 1 and 2. 


Core, inner shell, or inner shroud designates the inside wall 
_ of the toric fluid path in any member. See Figs. 1 and 2. 


Design path is the path of the assumed mean effective flow 
and is used for definition of blade angles, entrance and exit 
radii, and so forth. See Figs. 1-6. 


Bias (entrance and exit) designates the angular discrepancy 
| at the entering and leaving edges of the blades, where the full 
'| length of the entering and leaving edges of the blades are not in 
an axial plane (contains the axis of rotation). See Fig. 6. 


_ Scroll is the angle between the two planes containing the inter- 
_ section of the design path and the entering and leaving edges of 
_ the blade when that blade does not lie in one axial plane. See 
‘Fig. 6. 

Torque converter size in general terms is designated by the 
_ maximum diameter in inches of the flow path. See Fig. 1. 


Design radii (entrance or exit) of any member are taken at the 
Hi point of intersection of the design path with the theoretical 
blade edges. See Fig. 6. 


Speed ratio designates the output speed-divided by the input 
speed. 


| Torque ratio designates the output torque divided by the 
_ input torque. 
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ENTRANCE BIAS 


SHELL 
ZA\\ ri d & 
\ 1 Zee ay 
ee a =, DESIGN PATH 
CORE NY Sas eS, 


ee 


DESIGN PATH . 
yp 


{ UE 
SHELL 


EXIT BIAS 
DESIGN RADII \ / SCROLL 


Fie. 6—Buiapre Trerminotocy (TURBINE) 


Stall torque ratio designates the torque ratio with a stalled 
turbine. 

Stall speed designates the mput speed in rpm with a stalled 
turbine at a specified input torque. 

Racing speed designates the input speed in rpm with a free 
turbine at a specified input torque. 

Torque conversion range designates the range of operation 
where torque multiplication exists. 

Coupling range designates the range of operation at 1 to 1 
torque ratio. 

Coupling point designates the point where the torque con- 
version range ends and the coupling range begins. 

Charging pressure designates the externally applied pressure 
under which the converter operates. 

Blade angles are the angles formed by the geometry of a blade 
at its entrance and exit edges. Unless otherwise mentioned, 
these angles aremeasured from a tangent to a point on the design 
path surface. When a blade angle is not constant across the 
width of a blade, specific mention must be made of the manner of 
variation. | 


Mean camberline of a blade profile, taken at the intersection 
of the design path surface, is the locus of the centers of the series 
of circles which are simultaneously tangent to both surfaces of the 
blade profile. See Fig. 7. 

This method of mean camberline determination is shown for a 


Tangent to mean 


3 oamberline at 

c Fe exit edge. 

Se 

2g 

rapes MEAN CAWBER- 
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e8 
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° 2 odge. 

al 

a 


Direction of Rotation 


Fig. 7—DEveELOPED SECTION OF BLADE aT INTERSECTION WITH 
DersigN Patru SURFACE 
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continuously varying double surface type of hydrofoil. The 
same system is to be used for all other types of blade profiles, 


BASIC ORIENTATION OF 
BLADE PROFILE 


Direction of Fluid 


Flow Along Design Path Direction of Rotation 


Blade Angle Blade Angle 
System B System C 


Blade Angle 
System A 


Stator, or 
Reactor 


Entrance 


135) 
A5° 
+45° 
i las 
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Turbine 


Entrance 
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iy 


Fic. 8—ANGLE Systems 


Pump, 
or 
Impeller 


Entrance 


including cases where discontinuities arise, because of edge 
modifications, as with sheet-metal blades. 


Entrance angles and exit angles are measured as the angles 
between the respective tangents to the mean camberline of the 


blade and a plane perpendicular to, or parallel with, the plane of — 


rotation (depending on the system of measurement used—that 
is, System A, or Systems B and C, respectively, as hereafter 
described.) 


Blade-angle systems are the systems used for systematically 
and consistently describing blade angles. There are three cur- 


rently used blade angle-systems. See Fig. 8. 
System A takes zero blade angles to have no backward or 


forward bend: That is, all angles are measured from a plane of © 
reference which passes through the axis of rotation. Blade angles — 


which have a‘component in the direction of rotation are taken 
as positive. Blade angles which have a component opposite to 


the direction of rotation are taken as negative. Trigonometric 
functions of their angles, as used in torque-converter design, 


derive their plus or minus sign from the above rules. 

System B takes zero blade angles to have the maximum possible 
forward bend angle in the pump: That is, all angles are measured 
from a plane of reference, which is the plane of rotation. All 
blade angles are positive. Trigonometric functions of these 
angles, as used in torque-converter design, derive their plus or 


minus sign from the trigonometric tables in their proper quad- 


rants. 


System C takes zero angle as the maximum possible back bend | 


on the pump. This system is the exact reverse of System B. 


; 
{ 
i 
‘| 


fs 


( 
if 


| 
je test-code forms: 
Form H—Direction sheet. 
Form HA—Log sheet. 


Scope 
This test procedure is intended for laboratory 
use in determining the primary operating character- 
istics of hydrodynamic drives of a type and capacity 
applicable to motor-vehicle installations. It is not 
intended to cover the many special tests which may 
be required at various times, such as centrifugal 
bursting tests or heat-rejection tests. 
The primary characteristics to be determined are: 
se Torque ratio versus speed ratio. 
2. Input speed versus speed ratio. 
3. Efficiency versus speed ratio. 
4. Capacity factor versus speed ratio. 
. Torque ratio, speed ratio, input speed, 
input torque, and efficiency versus 
output speed. 2 


a 


Apparatus 


1. Double dynamometer test stand with instru- 
mentation for reading torque within + 44% of full- 
load torque, and for reading speed within + 5 rpm. 

2. An independent operating-fluid supply system 
with provisions for pumping, heating, cooling, and 
regulating the flow of the fluid. 

Pea, Instrumentation for measuring temperature 
and pressure of the fluid at the hydrodynamic drive. 

4. Fluid of known physieal and chemical char- 
acteristics. This fluid should be the same as that 
intended for use in the vehicle, 


Procedure 


The hydrodynamic-drive tests are to be run on 
a double dynamometer test stand, giving accurate 
measurements of the speeds and torques of the in- 
put and output shafts of the hydrodynamic drive. 

Betore starting the primary hydrodynamic-drive 
tests, calibration curves should be-run on both dyna- 
mometers, the headstand, and on the torque- and 
speed-indjcating instruments. 


Form H (ay 
Copyright, 


SAE HYDRODYNAMIC DRIVE LABORATORY TEST CODE 
DIRECTION SHEET — FORM H 


proved Januery 1751) of SAE Standard on SAE Hydrodynamic Drive Laboratory Tost Code. 
1951, by Soctety of Automotive Engineers, Inc, 


HYDRODYNAMIC-DRIVE LABORATORY TEST CODE 


| Hydrodynamic-Drive 
Laboratory Test Code 


Report of Hydrodynamic Drive Technical Committee approved January 1951. 


[This test code 1s intended for laboratory use in determining the 
“primary operating characteristics of hydrodynamic drives of a type 
and capacity applicable to motor-vehicle installations. There are 


Form HB—Curve sheet for plotting input speed, torque ratio, 
input torque, capacity factor, and efficiency against speed ratio. 
Form HC—Curve sheet for plotting turbine speed, torque ratio, 
turbine torque, and capacity factor against speed ratio. 
Form HD—Curve sheet for plotting input speed, input torque, 
torque ratio, efficiency, and speed ratio against output speed. 
| Forms HB, HC, and HD have the grid printed in green on the 
| back of the sheet, so that erasures of datum points will not destroy 
the grid. The paper is sufficiently transparent to show the grid 
through to the face of the sheet and to reproduce well. 
|| The Society sells the forms individually as well as in sets. Figs. 
| 1-6 are small-scale reproductions of the forms. 
Forms H, HA, HB, and HC are printed on 83 x 11-in. sheets. 
Form HD is printed on 11 x 164-in. sheet.] 


The tests are divided into three major classifica- 
tions: 


1. Predetermined input conditions: 


(a) Constant input torque with varying in- 
put and output speeds. 

(b) Constant input speed with varying input 
and output torques and varying output 
speed. 

(c) Input speed and torque equivalent to that 
of a selected engine torque curve, with 
a@ varying output speed. (The selected 
engine torque curve should be the actual 
net torque of the engine as installed in 
the vehicle.) 

2. Varying input speed and torque with output 
speed and torque corresponding to road-load re- 
quirements for a particular vehicle. 

8. Coast drive test with the turbine driving to 
simulate closed-throttle coasting conditions. Vary 
the turbine speed in constant increments and adjust 
the pump speed and torque to an engine friction 
torque curve. 


The above tests should be conducted at specified 
fluid temperatures (100-300 F range) and at speci- 
fied fluid or charging pressures within the unit 
corresponding to actual conditions expected in ve- 
hicle operation. All readings should be taken simul- 
taneously with loads, speeds, temperatures, and pres- 
sures stabilized where possible. Where such stabili- 
zation is not possible, the time interval between 
readings or the rate of change must be noted. 


Presentation of Results 


1. Completely identify hydrodynamic unit which 
was tested, and record test conditions, on all data 
and curve sheets, 

2. Develop performance curve diagrams by cal- 
culating and plotting torque ratio, efficiency, and 
capacity factor characteristics versus speed ratio or 
output speed after correcting observed dynamometer 
data for instrument calibrations and equipment tare. 

8. Include copies of or identify all data sheets 
with report of results. 


Printed in the U.S. A 
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Fic. 2—Form HA, Loe SHEET 


SNPUT TORQUE + 109 


TOROVE RATIO = (TURBINE TORQUE) + (PUMP TORQUE) 


2 4 & 
SPEED RATIO = (TUROINE RPM) —- (PUMP RPM} 


Fie. 3—Form HB, Curve SHEET 


(CAPACITY FACTOR = [PUMP RPM) + \/POMP TORQUE 


EFFICIENCY == TORQUE RATIO x SPEEO RATIO 
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BRAKE LININGS, 
I, 


| rake Linings, Rivets, and Bolts 


This standard covers riveted, bolted, and bonded brake linings. 
Bonded linings shall not be drilled for rivets or bolts. 

Brake Measurement—The outside diameter of the brake, 
| that is, the outside diameter of the lining and shoe assembly 
| mounted on the backing plate, is considered the measure of 
| brake size and is designated in even inches on the inch as basic. 
A single or basic thickness of lining is used in connection with this 
| basic brake diameter. 


PART I 


This part covers sizes and drilling patterns for passenger-car 
and light-commercial-vehicle types of riveted brake linings for 
brake sizes 8 to 12 in. inclusive. 

Brake-Lining Measurements 

1. Basic outside brake diameters are in even inches on the inch. 
2. Basic thickness of lining is 3{¢ in., deviations to be in in- 
crements of 14, in. with consequent changes in outside brake 
_ diameters. 
3. Widths of lining range from 114 in. upwards in increments 
4. Basic lengths of lining are 93.deg or 120 deg or both, are- 
__wise, deviations to be in increments of 13 deg. 30 min. 

5. Rivet-hole spacing is 6, 27, 27, 27, and 6 deg arewise for 
93-deg lengths; and 6, 27, 27, 27, 27, and 6 deg for 120-deg 
lengths. Intermediate rivet holes are to be spaced arewise 
halfway between or at 13 deg, 30 min. Centers of rivet holes 
spaced across the lining are to be 3¢ in. from the edge of the 
lining for widths up to 214 in. inclusive, and 14 in. from the 
edge of the lining for widths greater than 214 in. 

6. Brake-lining manufacturers’ tolerances are as follows: 


WenetDSeene ry Mere ka Sek tec be See ase +14, -—0 
Wide hsMeminhit sche. cig. At ti Con epe ee +0, —l. 
Thickness, production!.......... Nom, +0.030, +0.010 
Thickness, service?............. Nom, +0.000, —0.020 


It is recommended that drill diameters for rivet holes be not 
more than 14 in. greater than rivet-shank diameters and that 
countersink diameters be not more than 12 in. greater than 
rivet-head diameters. 


PART II _ 


This part covers sizes and drilling patterns for truck and bus 
riveted and bolted brake linings for brake sizes 13 in. and larger. 
There are two standard brake linings for truck- and bus-type 
: brakes, one for brakes using lining less than 14 in. in thickness 
' and the other for brakes using lining 44 in. and over. Pieces of 
lining less than 1% in. in thickness are designated as segments, 
and those 14 in. and over as blocks. 

Brake-Segment Measurements 
1. Basic outside brake diameters are in even inches on the inch. 
2. Basic thickness of segments is 14 in. for 13- to 15-in. brakes 
inclusive, 34, in. for 16-in. brakes and larger. Deviations shall be 


' 


1 Before Ae tel for final assembly as supplied by brake-lining manufacturers for 
original equipment. 
2 As Spe by brake-lining manufacturers for assembly without additional 


3 Before cea for final assembly as supplied by brake-lining manufacturers for 

original equipm 

fi 4 ox sapoled es brake-lining manufacturers for assembly without additional 
nis ing. 
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SAE Standard 


_ Report of Brake Technical Committee approved February 1948 and last revised November 1950. 


in increments of } 
brake diameters. 

3. Widths of segments range from 134 in. upwards for 13- 
and 14-in. brakes; 2 in. upwards for 15-in. brakes; and 214 in 
upwards for 16-in. brakes and larger, in increments of 14 in 
_ 4. Basic lengths of segments are 98 deg or 120 deg or both, 
arewise deviations to be in increments of 11 deg. 

5. Rivet-hole spacing is 5, 22, 22, 22, 22, 5 deg arcwise for 
98-deg lengths and 5, 22, 22, 22, 22, 22,5 deg for 120-deg lengths; 
intermediate rivet holes arewise to be spaced halfway between 
or at 11 deg. Center of rivet holes spaced across the segment are 
3% in. from edge of segment for widths up to 2 in. inclusive, 
4 in. from edge of segment for widths greater than 2 in. Where 
additional rivets nearer the centerline of the segment are desired, 
centers of rivet holes shall be spaced 2 in. apart horizontally 
or 1 im. from each side of centerline, and arcwise halfway be- 
tween standard rivet holes or at 11 deg. It is considered to be 
within this Standard to omit any rivet holes. 

5. Brake-lining manufacturers’ tolerances for segments are 
as follows: 


46 in. with consequent changes in outside 


Hen getis ees = et oie sl, Gay Menace ea eee. +, -—0 
Wit GC's) Siw g oe ricuee aia Sine eines Sates ee ee +0, —l4e 
Thickness, production®.......... Nom, +0.030, +0.010 
Thickness, service*............. Nom, +0.000, —0.020 


It is recommended that drill diameters for rivet holes be not 
more than 1,4 in. greater than rivet-shank diameters and that 
countersink diameters be not more than 14. in. greater than 
rivet-head diameters. 

Brake-Block Measurements 

1. The basic outside brake diameters shall be in even inches 
on the inch, starting with 13 in. Optional deviations shall be in 
increments of 14 in. 

2. Basic thickness of blocks is 34 in., deviations to be in 
increments of 14 in. with consequent changes in shoe radii. 

The block standard differs from the segment standard in that 
it alters the shoe radii rather than the drum diameter to com- 
pensate for changes in thickness.) It was so set up because in the 
larger brake sizes the diameter of the drum is limited by the size 
of the wheel and in many cases cannot feasibly be made larger. 

3. Width of blocks is 3 in. and upwards in increments of 44 in 

4. Basic length of blocks is 58 dee. 

5a. Hole spacing for bolts is 7, 44, 7 deg arewise; intermediate 
bolt holes shall be spaced Lala berwecn or at 22 deg. Center 
of bolt holes spaced across the block shall be one half the width 
of the block apart in the case of blocks of full inch widths, 


TABLE 1—Aorizontal Bolt-Hole Spacing 


WIDTH OF BLOCK ont ciike WIDTH OF BLOCK Bae eae Se 55 
3 1% 6 3 
34 2 64 306 
4 9 7 34 
4} 243 7 4 
5 24 8 4 
514 3 
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; 
TABLE 2—Dimensions of Brass Tubular Rivets for Brake Linings 
SHANK DIAMETER, S HEAD DIAMETER, H HEAD THICKNESS DRILL 
RIVET 
SIZE LENGTH, L 
NO. : . . Depth, 
Nom Max Min Nom Max Min th Ti T2 Size, D BE 
4 %a 0.148 0.140 1% 4 0.301 0.291 0.034 + 0.008 0.005 0.020 No. 39 (0.0995) le As_ specified © 
5 %a 0.148 0.140 2364 0.364 0.354 0.045 + 0.008 0.005 0.028 No. 39 (0.0995) 540% in incre- 
di Ke 0.190 0.180 2364 0.364 0.354 0.046 + 0.0038 0.009 0.023 No. 29 (0.136) 182» ments of 
8 346 0.190 0.180 1545 0.478 0.458 0.065 + 0.004 0.012 0.037 No. 29 (0.136) Yo Wg in. 
10 YY 0.250 0.240 1545 0.478 0.458 0.058 + 0.004 0.012 0.030 No. 16 (0.177) %o 
44 6-in. length will have }$-in. drill depth. 


446- and %6-in. lengths to have 542-in. drill depths. 


and one half the width of the next full inch block apart in the 
case of blocks of intermediate 14-in. widths as shown in Table 
1. Any deviation of this spacing shall be in increments of 14 in. 

5b. Hole spacing for rivets is 7, 22, 22, 7 deg, with inter- 
mediate holes spaced halfway or at 11 deg. Center of rivet holes 
spaced across the block shall be 34 in. from edge of block. In the 
case of 6-in. blocks or wider where additional rivets nearer the 
centerline of the blocks are desired, centers of rivet holes shall 
be spaced 234 in. apart horizontally or 13¢ in. from each side 
of centerline of block. It is considered to be within this Standard 
to omit any rivet holes. 

6. Brake-lining manufacturers’ tolerances for blocks are as 
follows: 


Lengths ~ cys), 8. cts on occc ee ae eee tl 

Wali bhi 23tr, PaRER Ch abe econ MLK cane reas cd Slot oad epee +l4o 

Thickness, production®........... Nom, +0.030, +0.010 

Thickness, service®............... Nom, —0.015, —0.030 
PART III 


This part applies to brass tubular rivets for brake linings and 
bolts for brake blocks. 

Brass Tubular Rivets for Brake Linings—Table 2 and Fig. 1 
give dimensions for brass tubular rivets used for brake linings. 

The eccentricity between rivet head and shank must be no 
greater than 0.010 in., and the eccentricity between the hole in 
the shank and the shank must be no greater than 0.010 in. 

Bolts for Brake Blocks —The standard bolt for blocks shall be 
a brass, slotted-flathead capscrew with a 3¢-in. diameter body, 
a 34-in. diameter head having an inclusive angle of countersink 
of 82 deg conforming to the SAE Standard for Slotted- and 
Recessed-Head Screws. 

It is recommended that drill and countersink diameters for 
bolt holes be 25¢4 in. and 49%, in. respectively, with the bottom 

5 Before finishing for final assembly as supplied by brake-lining manufacturers for 
original equipment 


& As supplied by brake-lining manufacturers for assembly without additional 
finishing. : 


Fig. 1—Brass Tuspunar Rivet ror BrRakkr LINING 


Fig. 2—SLoTrep-FLATHEAD CAPSCREW FOR BRAKE BLocKs 


A = %-in. diameter 
D = 34"—24 NF 
B= seein. 


of the countersink within 342 in. +0.010 of the shoe side of blocks, 
The general bolt dimensions given with Fig. 2 are recommended. 

For other dimensions, refer to Table 2 of the SAE Standard for 

Slotted- and Recessed-Head Screws. 
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Body Moldings and Fasteners 


SAE Recommended Practice 


Report of Passenger-Car Body Engineering Technical Committee approved June 1948. 


Molding fasteners may be divided into four general types 
defined as follows: 

Snap-On Type—The fastener is secured to the panel first, then 
the molding is snapped over the fastener. 

' Slide-In Type—The fastener is assembled into the molding 
by sliding it into place before it is snapped to the panel. 

Turn-In Type—The fastener is secured in the molding by 
turning the fastener into the molding before it is snapped to the 
panel. 

Bolt and Nut—The molding is secured to the panel by means 
~-of a bolt and nut. 

Tolerances and Limitations—For the following dimensions, 
see Fig. 1. 


Fig. 1—Bopy Mo.pine 


Dimension A—A tolerance of 40.010 in. is recommended for 
straight moldings. It is deemed inadvisable to designate toler- 
ances on bent moldings because the reduction in width fluctuates 
considerably with variation in the bending radii. 

It is recommended that molding widths vary in increments 
of 42 in. for moldings from 34, to 14 im. wide inclusive, and in 
increments of 4, in. for moldings from 14 to 1 in. wide in- 


clusive. For moldings wider than 1 in., increments of 4 in. are 
recommended. 

Dimension B—A tolerance of +0.000, —0.020 in. is recom- 
mended when snap-on type fasteners are used. When any 
fastener other than a snap-on type is used, a tolerance of +0.020, 
—0.000 in. is recommended for moldings up to 14 in. wide 
inclusive. For moldings wider than 14 in., a tolerance of --0.020 
in. is recommended. 

Dimension C—When metal 0.020 in. thick or lighter is speci- 
fied for oval shapes, dimension C should be held to 52 in. min- 
imum. When flat-top shapes are used, dimension C’ should be 
held to a minimum of 1} in. 

Dimension D—Dimension D should be specified as 1¢4 in. 
from the surface of the metal to which the molding is to be 
fastened. A tolerance of +0.010, —0.005 in. is recommended. 

Dimension G—When metal 0.018 to 0.020 in. thick is used, 
dimension G should be held, in general, within the range of 
0.100 to 0.160 in., with a 0.190 in. maximum for snap-on fasteners. 
When turn-in or slide-in type fasteners are used, dimension @ 
should be 0.100 in minimum. 

Radius R—Regardless of shape of molding, R (outside of 
metal) should be specified not less than twice the metal thickness. 

Molding Thickness and Method for Dimensioning—It is 
recommended that when snap-on type fasteners are used, metal 
thickness be held within the range of 0.018 to 0.025 in. 

Method for Dimensioning Molding—It is recommended that 
moldings be dimensioned to outside of metal in all cases. Outside 
conditions are more important to the stylist than inside contours. 

Moldings and Fastener Drawings—It is recommended that 
molding and fasteners be shown on the detail drawing 10 times 
size for proper control of dimensions by shadow-graph. 

Avoid locating fasteners on sharp bends because of unavoidable 
reduction in molding section width at these points. 
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Automotive Glazing 


Report of Passenger-Car Body Engineering Technical Committee approved July 1950. 


Glass Sizes—There are no standard sizes in automotive 
glass. Maximum sizes must be determined between the auto- 
motive engineering department and the glass manufacturer. 
Maximum sizes for bent or curved glass are less than those for 
flat glass and depend upon the degree of bending and capacity 
of bending equipment. 

Note: Overall width and length dimensions of block sizes are 
held to full inch increments. 

The following types of glass (flat or bent) are covered: lami- 
nated safety plate glass; laminated safety sheet glass; heat- 
treated safety plate glass; polished wire glass. 

Commercial Tolerances 

1. Thickness—Flat or bent safety glass. 


Thickness Range, 
Type of Glass In. — 


Laminated safety plates jcc samercten.s ben sce cen a Leo-%o 
Laminated safety thin plate. ... se. c.<es dec: % 4-136 4 
Laminated safety sheet (SS and DS)!........... 134-14 
Laminated safety sheet (SS and SS)!............ 46-44 
Laminated safety sheet (DS and DS)!............ Yo1%a 
Laminated safety thin sheet.................... W—-Mé4 
Heat=treated safety plate. (2. ).25) i She Vo-%o 
Polishediwirelglassit.). “rk. wate ode Sees Yo-%o 


2. Flatness—F lat laminated safety plate glass, flat laminated 
safety sheet glass, flat heat-treated safety plate glass, and 
polished wire glass shall have 142 in. maximum total bow per 
each lineal ft. Reverse curves or crooked glass not acceptable. 

3. Curvature 

(a) Bent laminated safety plate glass and bent heat-treated 
safety plate glass shall have 1¢-in. departure from curve of 
periphery-type checking fixture, such deviation not to vary 
more than 14. in. per lineal ft. 

Note: Curvature tolerances should be checked with the glass 
manufacturer as extreme radii or sharp bends may require 
different tolerances. 

(b) Cross-sectional sag tolerances must be checked with the 
glass manufacturer before specifying on drawing. 

4. Overall Size—Tolerance for flat laminated safety plate 
glass, flat laminated safety sheet glass, and polished wire glass 
is + 1» in.; flat heat-treated safety plate glass, + 1/5 in. for 
width and length up to and including 14-in. nominal thickness, 
unless otherwise specified. 

Tolerances for bent laminated safety plate glass, bent heat- 
treated safety plate glass, and bent polished wire glass are 


18S signifies single strength; DS signifies double strength. 
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SAE Standard 


affected by pattern and degree of curvature and should be checked — 


with the glass manufacturer. 
Edges and Definitions 
Edge No. 1—Crown Edge, Satin Finish (Fig. 1a) indicates a 


radius fine grind along the edge and leaving no sharp edges, — 


Radius need not be a true radius. 


Edge No. 2—Crown Edge, Semi-Satin Finish (Fig. 1b) indi-— 


cates a modification of Edge No. 1 where the finish is not so 


fine, and occasional flats and wheel skips are permissible in 


center area only. 

Edge No. 8—Semi-Crown Edge, Semi-Satin Finish (Fig. 1e) 
indicates a modification of Edge No. 2 where the central part 
of the edge need not be touched with the edging wheel. 


Edge No. 4—Seamed Edge (Fig. 1d) indicates that the original 


cut edge of the glass is to be ground off to an angle of approxi- 
mately 45 deg. The width of the seam should be approximately 
14 in. measured across the flat of the seam. A seamed edge is 
the minimum type of edge acceptable for heat-treated safety 
plate glass. 

Edge No. 6&—Clean-Cut Edge (Fig. 1e) indicates that the glass 
part has no further work done upon the original cut edges and 
allows no flare exceeding 14 in. This type edge not acceptable 
for heat-treated safety plate glass. 


For various applications and locations of the above edgings, — 


see Figs. 2 through 8. 
Overlap—An overlap of 2 in. of one sheet over the other 
on all edges, except crown-edge finishes No. 1 and 2, shall be 


permissible, unless otherwise specified, provided the overall — 


dimension is within tolerance. 


Tong Marks—Tong marks must be located 54¢ in. maximum ~ 


from edge of glass. j 
Mold Marks—Mold marks to be held to 14 in. maximum 

from edge of glass, unless otherwise specified. 
Markings—Markings are to be in accordance with current 


American Standard Safety Code for Safety Glazing Materials, — 


ASA 226.1. 
Any other special identifying marks required must be specified 


and located on the drawing and must be apart from glass manu- — 


facturer’s distinctive trade mark, also other markings required 
by law, ordinance, or regulation. 


Location of markings must be visible after installation for — 


identification. 


(Figs. 1-8 begin on next page.) 
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279-2 

3370 76- MAXIMUM 
PERMISSIBLE AREA 
UNTOUCHED BY 
GRINDING WHEEL 


NO SHARP EDGES OCCASIONAL FLATS OR 
WHEEL SKIPS PERMISSIBLE 


IN CENTER AREA ONLY 


Sry _l 
e@’OgR 


OVERLAP / 
Zz MAX. 16 Tt O gf 
HT. H.T. 


| Fig. la—Epce No. 1, Crown Epes, Satin’ Fie. lb—EpeEr No. 2, Crown Enas, Semi- Fie. le—Epeer No. 3, Sem1-Crown Epes, 
Finish ror Att Exposep EpGEs Satin Finish ror UN»exPoseD EDGES Sremi-SaTIN FINIsH FOR EpGES ENCLOSED 


SLIDING IN CHANNELS IN FIXED CHANNELS 
45°CHAMFER BY APPROX 
MEASURED ON FLAT 
OVERLAP piulon me 
we a H.T. 
go MAX. 35 MAX. 
& Fie. 1d—Epex No. 4, Szamep Epcr ror EpeEs ENCLOSED IN Fig. le—Epes No. 5, Crean-Cur Engr ror Epces ENcLosEp 
|. FIxepD CHANNELS IN FixeD CHANNELS 


Notes for Figs. 1a through le 
Note 1—L = laminated glass; HT = heat-treated glass 
Note 2—Glass manufacturer is not required to furnish a true radius on any edge where a radius is specified 


(Continued on next page.) 
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EDGE NO! CORNERS MAY BE SHARP OR NOT 
LESS THAN ZR. IF ROUNDED 


EDGE NO. 3,4, 

OR 5 FOR 

LAMINATED OR — 
POLISHED WIRE 

EDGE NO.! chase 

EDGE NO. 3 

OR 4 FOR 

HEAT-TREATED 

GLASS 


SEE DETAIL CORNER 


DESIGN BELOW oa 


EDGE NO. 2 


/ EDGE NO, 3,4,0R 5 FOR 
z LAMINATED OR POLISHED 
WIRE GLASS; 
EDGE NO 3 OR 4 FOR 
4 ZR HEAT-TREATED GLASS - Fig. 3—Siipine Winpow witu Merau CHANNEL ON THREE SIDES ~ 


! 
RECOMMENDED Te ® MIN. 
CORNER DESIGN 


Fig. 2—VeErRTICALLY SutipiInc Door or QuARTER WINDOW WITH 
Mertat CHANNEL ON ONE SIDE ONLY 


CORNERS MAY BE SHARP OR NOT 
LESS THAN 3 IF ROUNDED 


EDGE NO. 3,4,0R 5 FOR LAMINATED 
OR POLISHED WIRE GLASS ; 


EDGE NO. 3 OR 4 FOR HEAT-TREATED 


GLASS 
Fic. 4—Suipinc WiNnpow witTH Mrrau CHANNEL ON Four SipEs— 
Epce No. 3, 4, on 5 ron LAMINATED OR PoLIsHED WIRE GLASS 
Aut ArounpD; Ener No. 3 or 4 ror Heat-TREATED GLASS ; 
ALL AROUND Fic. 5—Horizonrauty Sxurpinc Window, Onr Exposep Epa 


(Continued on next page.) 


EDGE NO. 1 


EDGE NO. 3, 4,0R 5 FOR LAMINATED OR 
POLISHED WIRE GLASS ; 

EDGE NO.30R 4 FOR HEAT- 
TREATED GLASS 


Fie. 6—Swine Ventinator Guass, OnE Exposep EpcEr 


Fig. 7—WinpDsHIELD Guass, No Exposep Epces—Epee No. 3, 
or 4, or 5 Att AROUND 


AUTOMOTIVE GLAZING 


a 


FEAR QUARTER 


ee 


BACK WINDOW 


z= 


BACK WINDOW - CONVERTIBLE 


Fig. 8—STaTIONARY WiNDows, ALL TypEs—EpckE No.3, 4, oR 5 FOR 
LAMINATED OR POLISHED WIRE Guass ALL AROUND; "EDGE 
No. 3 on 4 ror Heat-TrEAaTED Guass ALL ARounD 
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Glazing Glass 


Report of Passenger-Car Body Division approved March 1923 and last revised by Passenger Car Division January 1937. 


[With the development of what is commonly termed “safety 
glass ’’ the diversity in claims for its manufacture and use and its 
requirement by Federal and State motor-vehicle laws or regulations 
led to the organization of a Sectional Committee in June 1934 
under American Standards Association procedure to formulate a 
standard safety code for all safety glass. The first code developed 
under this procedure related to land motor vehicles only, and a 
Safety Glass Advisory Committee of the Society was appointed 
under the Passenger Car Division which cooperated with the Sec- 
tional Committee in developing the original American Tentative 
Standard Z26.1—1935. This was subsequently revised (Z26.1— 
1938) with reference to trade marking of the glass. As the American 
Standard provides only for standard tests and marking, this 
SAE Recommended Practice is intended primarily as a guide 
to the proper thickness in the selection of glass for use in land 
motor vehicles.] 


All glazing glass used in motor vehicles normally operating on 
land should comply with the requirements of American Standard 
Z26.1—1938 (and Supplement Z26.la—1948) or subsequent 
revisions. 

Definition'—The term safety glass shall be construed as mean- 
ing glass so treated or combined with other materials as to 
reduce, in comparison with ordinary sheet glass or plate glass, 
the likelihood of injury to persons by objects from exterior 
sources or by glass when the glass is cracked or broken. 

General!—As the definition indicates, safety glass in com- 
parison with ordinary glass is intended to reduce the likelihood 


1 From American Standard Z26.1—1938 (and Supplement Z26.1a—1948). 


Window-Glass 


Runways and Channels 


Report of Passenger-Car Body Engineering Technical Committee approved May 1950. 


Definition and Purpose—The term glass-run channel has been 
adopted and is intended to refer to various U-shaped channels 
of any construction and material which are inserted in the body 
or body member structure and in which window glass is semi- 
rigidly retained laterally but free to slide in plane of glass, and 
which at the same time offer a degree of sealing between glass 
and channel. 

The term glass-rwn weatherstrip has been adopted and is in- 
tended to refer to devices having construction and materials 
similar to glass-run channels but which do not provide restraint 
to glass movement in more than one direction, nor seal the glass 
on more than one side or one edge. Several glass-run weatherstrips 
used together may perform the same function as the glass-run 
channel. 


GLAZING GLASS 


SAE Recommended Practice 


of injury. Therefore terms such as nonbreakable, nonshatterableaae 
nonscatterable, nonsplinterable, and others should not be inter- 


preted by the driving public as meaning that complete protection ~ 


is afforded to the occupants of the vehicle under all conditions, 
Under some accident conditions, one type of safety glass may 
be superior while under other accident conditions another type 


of safety glass may be superior. Since accident conditions are not 


standardized, no one type of safety glass can be shown to possess 
the maximum degree of safety under all conditions. 

Thickness of Glass—Automobiles, including trucks and buses, 
are normally equipped with safety glass that is from 7% 2 in. 
to %o in. thick. 

Glass mounted in flexible material (such as curtains) on motor 


Wi 


, 
’ 


vehicles is normally laminated.safety glass that is 542 in. thee Y 


minimum. 


Armored cars are aint equipped with bullet-resisting 


glass that is 114 in. or more in thickness. 

Note: The following specifications or revisions thereof are 
noted as references to more complete specifications for glass in 
vehicles other than those normally operating on land highways. 
U. S. Army Specification 81-11-B—Chief, Materiel Div., 
Aj 
Building, Washington, D. C. 

U. 8. Navy Specification 49G3 (aircraft) and Specification 


~ 


r Corps, Dayton, O., or U. 8. Army Air Corps, Munitions 


12G5 (marine vessels)—Bureau of Supplies and Accounts, Muni-— 


tions Building, Washington, D. C. 
U. S. Federal Specification DDG-451 (general)—Sup’t. off 


Documents, U. S. Gov’t. Printing Office, Washington, D. C.— 
The above specifications may also be obtained from the Pro- — 


curement Div., U. S. Treasury, Federal Warehouse Extension, | 
Washington, D. C. 


SAE Recommended Practice 


a 


= 


This standard is intended for use as a guide in selecting type 
and basic dimensions of glass-run channels and glass-run weather- 
strips. 

It is not the purpose of this standard to establish struc 


design or materials to be used in the manufacture of these glass- _ 


run channels and weatherstrips. 


Since it is not within the scope of this standard to include 
all the sizes, types, and constructions which have been manu- — 


factured, only the shapes and basic dimensions of prefered 
designs generally available as of 1948 are included. 
Glass-Run Channel—Glass-run channels are constructed on a 


metallic (or other structural material) channel which may be — 


designed so that they can be bent to fit the glass profile. The 


structural channel is lined with a suitable material, such as felt 


i 


or pile, by means of a suitable binder and whatever intermediate 
medium might be required or necessary to the application. 

The lining thickness, material, and construction as well as 
clearance between glass and lining depend upon many variables 
peculiar to the application. 

Glass-run channels are used generally between the glass and 

~ window structure where the glass must be free to slide in the 
glass plane and be reasonably restrained from moving or vibrat- 
ing at right angles to this plane. 

The glass-run channel, besides functioning as a glass guide, 
performs the function of a weather seal between the glass: and 
window opening. This requires a minimum clearance (frequently 
negative) between the glass and glass-run-channel lining. The 
glass-run channel must also fit tightly in the window structure 

to prevent excessive leakage or movement between the channel 
and the recess in which it is held. 

Often felt or other suitable material is provided in the base of 

the channel to guide the edge of the glass. 
_ The designs of glass-run channels shown in Figs. 1 and 2 
_ represent the commonly used glass-run channel and portray in 
the one case a channel with a fabric finish on the exposed edges, 
_ and in the second case a metallic bead. The sizes shown in 
| Table 1 are to include a wide range of applications from the 
smaller sizes used in a ‘‘division bar’’ to a large size used in 
trucks to accommodate a glass with a steel frame around it. 
Special forms of glass-run channels, such as illustrated by 
Figs. 3-5, are standard designs available for use where two panes 
_ of glass must slide, generally horizontally as in station-wagon 


Fig. 1—SINGLE Fig. 2—SINGLE 


WINDOW-GLASS RUNWAYS AND CHANNELS 
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construction, past each other. Fig. 3 is applicable where both 
panes must slide, while the sections shown by Figs. 4 and 5 are 
for use where one pane slides and a filler or finish is required for 
the open end of the groove provided for the other pane. 

Glass-Run Weatherstrip—Glass-run weatherstrip is con- 
structed on a metallic (or other structural material) body, 
generally flat, which may be designed so that it can be bent to 
fit the contour of the window-opening structure. The body has a 
felt, pile, or other suitable material, covering one side or part 
of one side, attached by means of a suitable binder and whatever 
intermediate medium might be required or necessary to the 
application. The height or thickness of this felt or pile material 
is to be determined by the designer so that proper fit is made to 
produce the seal or degree of rigidity required. Table 2 gives 
dimensions of glass-run weatherstrips. 

The shapes of the cross-section of the most generally used 
glass-run weatherstrips are shown in Figs. 6-10. Figs. 6 and 
7 illustrate the flat, plain, and beaded types which are supplied 
in strip form. The metal bead shown in Fig. 7 may be for struc- 
tural or decorative purposes. 

The sections shown in Figs. 6, 7, and 9 are generally attached 
by mechanical means to the metal around the glass opening to 
provide lateral restraint to glass movement as well as weather 
sealing. With this construction, the section shown in conjunction 
with Fig. 9 is used to fill the window structure at the glass edge. 
The combined use of sections from Figs. 6, 7, and 9 result in a 
built-up channel which is frequently used as a substitute for 
or in place of, a glass-run channel. The choice of use depends 


Fic. 3—DovusLE PLAIN 


® Dimension A depends on design and application. 


| 
| Pian CHANNEL BEADED CHANNEL CHANNEL Fie. 4—Puain CHANNEL Fic. 5—PuLaIn CHANNEL 
ha 
ie 
" TABLE 1—Glass-Run Channel Dimensions* in Inches 
| TYPE W + Ya H + Ye J + Yu T + Ye B+ Ya M+ Ye N + Ha 
i 
| Single Plain, Fig. 1 1 36 — 540 os a == 
o M6 — 49 = = = 
56 4 == 54 = or sary 
56 Ke = 542 = a a 
21g 54 = 4 — — = 
Single Beaded, Fig. 2 Wy — %o Yea Vea 2 ca 
% = 1340 Yea Yea = = 
56 — 1349 ED) Yea = = 
_ Double Plain, Fig. 3 1564 Wy = 542 mar sa cas 
1%4 4 _— 540 — = = 
Plain, Fig. 4 1564 Vy aa 540 <a = = 
i} 
Plain, Fig. 5 1564 My = 540 = We5) % 
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generally upon consideration determined by the construction 
details of the window-opening structure. 

The section illustrated by Fig. 8 is primarily a weather seal 
used between two pieces of glass which slide one past the other. 
The channel construction is of such dimensions that it will, 
when forced on the edge of the glass, be retained there by friction 
between the material and the glass. The felt or pile face con- 
tacts the second glass forming a weatherseal. 

A section shown by Fig. 10 is used to fill the corner and seal 
an edge and one face of a glass which pivots to open such as 
the “no-draft ventilating windows.” It is retained by a metal 
lip formed over the thin edge of the weatherstrip and rivets 
recessed in the other leg. 


De Ssoromente! lee 


ye 


There are numerous other special-application glass-run 


weatherstrips which do not have sufficiently general application — 


to be included in this standard. 


Glass-Run Channel and Glass-Run Weatherstrip Dimensions— : 


In both Tables 1 and 2, the extreme-left column designates the 


general type with reference to the corresponding figure and the — 


following columns list the preferred basic dimensions. 
The tolerances shown are those recommended by the manu- 
facturers and are the minimum practical variations which can 


be produced commercially for materials and structures of this — 


type. Except where necessity demands smaller tolerances, those 
shown should be adhered to for general practice. 


A 
a 


ose K 


(4 


H" 


eels a ti 


lak 


ize! 


Fig. 6—PLain Fig. 7—BEADED Fic. 8—CHANNEL Fig. 9—Borrom Fig. 10—Diviston-Bar 
WHATHERSTRIP W2EATHERSTRIP WEATHERSTRIP WEATHERSTRIP WEATHERSTRIP 
TABLE 2—Glass-Run Weatherstrip Dimensions in Inches 
TYPE W + Ya H+ Va J+ Va T + Vs K + Ma Ax Vs Bsa Va M + Ya 
Plain, Fig. 6 3% aaa _ — — = = = 
up 6 aes poe eas? pee a ae case ! 
M6 — — — = — ~ — 
Me — — - _ — — — 
Beaded, Fig. 7 = — %o _— — = Ya =n 
— aa 1 leo < — —. Ya ey 
- — 1345 - - — a — 
Be Shs 1545 sae pe oe ha jae 
Channel, Fig. 8 1349 — _ Vea 296 4 —s — oa 
fo, a ip | on 
Bottom Strip, Fig. 9 56 50 — _ oa = _ = 
136 a) = = = 3 — a 
Division Bar, Fig. 10 Ko We = a 1349 Ya = Ke 


® Depends on design and application. 
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- Window-Regulator-Handle 
and Door-Handle Mountings SAE Standard 


Report of Passenger-Car Body Engineering Technical Committee approved March 1950. 


(Figs. 1, 2, and 3 pertain to serra‘ed mountings. Figs. 4 and in that Fig. 4 is for the cross-pin method of mounting and Fig. 6 
5 pertain to square mountings. Mountings in Figs. 4 and 6 differ for mounting by means of a screw in the face.] 


Serrated Type 


FOR CHECKING OVER 
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\6 TEETH 
0.4280 
oasis 0° YY 
90.374 poor pia. FOR CHECKING PLUG GAGE 
0.377 OVER 0.0632 DIA. PINS 


Fig. 1—Srrratep Tyrr or WiInDow-REGULATOR-HANDLE AND Door-HAaNpLE MountTiInes 
Methods of mounting: snap ring, screw in face, or set screw 


0.264 19.009 
+0.003 
0.16 £0.01 0.175 - 
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0.355 £0.005 DIA. 


ee 0.266 * 9-899 pia: 
0.4315 19-0000 pia, 


0.369 + 3:983 pia: 


SPINDLE 


0.109 R 


section A-A 
- HANDLE 


0.406 £0.010 


0.0632 DIA 

0.3800 
9.3800 HANDLE 
0.374 
0.37% SPINDLE 

0.5152 

0.5175 ne 

O.510 spiNDLE 
Biss 0.5145 
ase HANDLE 0.258 +0.008 
0.428 
Onaga SPINDLE 

SERRATION DIMENSIONS HANDLE RETAINING SPRING 


FOR SPINDLE AND HANDLE 
Fig. 2—Smrration Data ror REGULAR-CLUTCH-TYPE HARDWARE 


(Continued on next page.) 
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Serrated Type 


0,347 70.020 


=0.000 
‘39? 
+0,000 hi 
osi2* 6.200 


0.16t0.01 


0.33470.000 DIA: 


+0,0000 


0.232 40.002 
-0,0005 


0.4630 
I 


0.109 +8800 = 0.02 CROWN 


019213899 


section A-A 


SPINDLE Din | 
HANDLE A 


0.0625 DIA- 16 TEETH 
EQUALLY 
SPACED 


0.0625 DIA. 


16 TEETH 
EQUALLY 
SPACED 


0.60 £0.01 


0.463+0,005 


82°+2° 
0.09+0.01 R 
+0.015 
0.250 9.00 
0.300 0.016 FLAT WITHIN 0.005 


0.4105 
HANDLE RETAINING SPRING 


DIMENSIONS FOR SPINDLE DIMENSIONS FOR 


HANDLE OPENING 
Fig. 83—SERRATION Data ror Low-CiutcH-Typr HARDWARE 


Square Type 


0.123 
o.le7 
aie CHAMFER 35 x 45° 
32 ~/32 BOTH ENDS OR 
ONE END ONLY 
LENGTH OR HOLE LOCATION 
TO INCREASE IN INCREMENTS 
oF L OPTIONAL END 0.140 pig 
i6 0.3775 SQ i . 
PIN FOR REGULATOR 0.3750 
AND INSIDE 3° MAX. 
MIN. : DOOR HANDLE 


MD, 


MQ Yy 
bom ASD 
a7 


Bxase 
CHAMFER | 


cae Pe 
eq X 45° CHAMFER 


AT FLAT ENDS 
0.4335 DIA. ACROSS 
DIA 0.4270 CORNERS 


Neg ll 0.455 DIA. ACROSS 
2 DIA.x 90° CHAMFER 0.451. CORNERS 


AT BOTH ENDS 
SINGLE OR CROSS DRILL 


y Fic. 4—SquarE TyprE or WINDOW-REGULATOR-HANDLE AND Door-HaNnpie MountTInes 
Method of mounting: cross pin 
Material for pin for regulator and inside door handle is to be SAE 1010 cold-rolled steel or equivalent 


(Continued on next page.) 
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Square Type 


END OF SHAFT TO 
BOTTOM IN HOLE 


LENGTH TO INCREASE 
\ IN INCREMENTS ort 


NO. 8-32 NC TAP 


FULL 
HREAD g 0.3720" ~* 


HOLE TO ACCOMMODATE 
NO. 8-32 C'SINK HD.SCREW 


| x 45° CHAMFER 
AT FLAT SIDES 


Sy 45° 


0.4335 DIA. ACROSS 32 
CHAMFER 


0.4270 CORNERS 


0.455 DIA. ACROSS 
0.451 CORNERS 


Fig. 5—SQquarE Typr or WINDOW-REGULATOR-HANDLE AND Door-HANDLE MouUNTINGS 


| Cylinder Locks and Keys 


Nomenclature—All key-operated locks on automotive;vehicles, 

' such as those used for locking ignition switches, doors, compart- 

_ ments, lids, and gasoline-filler caps, are to be designated as 
| cylinder-lock assemblies. This name is. to be preceded by the 
| name of the specific part of the vehicle to be locked, such as 

_ ignition-switch cylinder-lock assembly or door cylinder-lock as- 

__ sembly. 

_ The same words may be rearranged to conform to certain 
users’ standard methods of naming parts, such as assembly 
_ cylinder lock, ignition switch. 

Certain principal parts shall be named as shown in Figs. 1-4. 


FOR SHAFT IN 
Door Latcu 


Fig. 4—Srconpary Key Ser 


G—Hole for shaft in latch 


; Fic. 3—Primary Key SEer 


A—Plug 


B—Shell H—Bitting 
C—Bezel J—Grooving 
D—Keyhole cover K—Blade 
#£—Joint L—Shoulder 
F—Shaft M—Bow 


a Report of Passenger-Car Body Engineering Technical Committee approved June 1948. 


q Method of mounting: screw in face 


SAE Standard 


Dimensions—At the present time it is only considered ad- 
visable to establish standard dimensions on the shaft and the 
hole for shaft in door latch as follows: 

Shai Gaal sila weet. anak Jame NA era: cel in! Se 0.170 to 0.190 in. 
olestorehatte Gem wink eet. Leet puatey 0.195 to 0.201 in. 

Lubrication and Cleaning—The following recommendation 
applies only to lubrication and cleaning of cylinder locks in 
service and does not apply to lock manufacturers. 

1. Cylinder-lock assemblies should not be lubricated with oil 
or grease which would leave a gummy residue. Such residue 
impairs the action of the working parts and also collects harmful 
dirt and grit. 

2. Before lubricating, the cylinder lock should be washed 
with ether alcohol or gasoline, either by removing the lock and 
submerging it or by blowing the alcohol or gasoline through the 
assembly with air. 

3. After cleaning, the lock should be lubricated with flake 
graphite either by blowing it through the assembly with air or 
by working it in with the key. Extremely coarse graphite in 
which the flakes average over 142 in. should not be used. 

Definition of Key Sets—It is recommended that the same 
key operate the ignition-switch lock and the vehicle-door locks. 
This to be designated as the primary key set. 

A separate key will operate the luggage-compartment lid. 
This key may or may not operate the instrument-panel-com- 
partment lid or other lock applications.or both. In no case 
should more than three different kinds of key be furnished. All 
different keys, other than those of the primary set, will be 
designated as the secondary key set. 

Shape of Key Bow—Primary Key Set—Polygonal in shape 
with flat faces and corners around the periphery of the bow. 

Secondary Key Set—Periphery of bow to be a rounded shape 
such as oval or cloverleaf. 
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Bumper Heights 


SAE Standard 


Report of Parts and Fittings Division approved August 1922 and last revised by Bumper Technical Committee March 1947. 


Under full rated load and with a full brake stop at 5 to 10 
mph, passenger cars, station wagons, and half-ton trucks shall 
stop so that the tops of the front bumper guards do not dive 
below, nor any part of the lower edge of the rear-main-bumper 
bar between the treads lift above, a line 18.25 in. above the 
road level. This Standard implies the inclusion of front bumper 
guards on half-ton trucks. 

Note: Designing engineers are urged to avoid specifying ex- 


Speedometers 
and Tachometers 


treme radii for the top of the front-bumper vertical bar and the 
bottom of the rear-bumper main bar. Considerable care in this 
respect is needed, otherwise the antilocking feature of the recom- 
mended dimension will be nullified. The substantially vertical 
surface of the front vertical bar and of the rear main bar should 
be the recommended height above the ground in order to insure 
the safety to be gained from the nonlocking-bumper feature of 
the above recommendation. 


SAE Recommended Practice 


Report of Parts and Fittings Division approved January 1939 and last revised by Parts and Fittings Technical Committee January 1951. 


[This Recommended Practice is intended for use as the basis for 
drive-gear computation and compensation for errors, for performance 
and identification, and for flexible shaft-end constructions. It also 
differentiates between the drives intended for heavy-duty and those 
for light-duty applications.| 


Drive-Gear Computation and Compensation for Error—The 
number of vehicle wheel revolutions per mile is to be determined 
by the vehicle manufacturer and this information is to be used 
as a basis for speedometer calibration. 

Car wheel revolutions are to be taken at 10, 30, 60, and top 
speed miles per hour. 

Readings are to be taken over, and not less than, a half-mile 
straight course with a driver and one passenger. 

Tire inflation when taking wheel revolutions is to be in accord- 
ance with the vehicle manufacturer’s recommended pressures. 

Check for wheel revolutions is to be made by means of a revo- 
lution counter attached to the speedometer flexible shaft, or an 
auxiliary flexible shaft attached to the rear wheel. 

The speedometer odometer shall indicate one mile for every 
1000 revolutions of the flexible shaft. Vehicle wheel revolutions 
at 60 mph will be used as a basis for gear computations for speed- 
ometer drives. Gears are to be computed as nearly accurate as 
possible to produce 1000 revolutions of flexible shaft per mile 
of travel at the above speed. 

If it is found that wheel revolutions for various vehicle speeds 
show sufficient variation to make satisfactory speedometer cali- 
bration difficult, then it is to be considered necessary for the 
speedometer manufacturer, and acceptable to the vehicle manu- 


1 This angular position is to be specified by the vehicle manufacturer and shall 
not be less than 5 deg with the vertical, the top of the instrument being nearest the 
front of the vehicle. 


facturer, that speedometer dials be printed to compensate for 
this error. See Table 1. 


TABLE 1—Performance and Identification 


Basic speeds, mph............. 10 30 60 90 | 120, 


Allowable limits in calibration, 
mlep sey: a: Sie. cy ot eae +1 to/+2 to}+3 to|+4 to/+5 to 
—1 |——0 |. —0)| 08 eee 


Basic speeds, mph, at 1000-rpm 

flexible shaft speed........... 60 62 64 
Permissible calibration, mph...| 60 to 63 | 62 to 65 | 64 to 67— 
Colorofamarkings = 25. eee Green White Orange 


This normal range as to speedometer performance is to be 
considered as a definite part of a completed instrument. Identi- 
fication, if desired, will be by means of a round dot 3¢ in. diameter 
on the back of the speedometer case in a place easily seen and in 
colors listed in Table 1. 

All kilometer speedometers shall be identified by stamping 
“Kilo” on the back of the speedometer case, unless identification 
of sufficient nature appears on the face dial. 

Further identification shall be placed on speedometers, includ- 
ing a distinct stamping of model or part number of the instrument 
and the date of its manufacture. 

Variations in speedometer readings due to temperature changes 
from 0 to 100 F, shall not exceed 4 mph at 1000-rpm shaft speed 
on mile speedometers. This variation shall not exceed 6.4 kmph 
at 1000-rpm shaft speed on kilometer speedometers. F 

All calibration of speedometers in production shall be made 
with the instrument in approximately the same angular position* 
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that it will have when mounted in the instrument board of the TABLE 2—Dimensions for Speedometer and Tachometer Drives 
vehicle. SHAFT c’SINK 
Vehicle manufacturers shall specify speedometer-gear-drive TYPE Perey ga ny Ole sepa ee ee 
| | ratio and speedometer-calibration limits to give an overall error — 0.002 CEs —¥62" ea 
in speed indication between 0 and 7% above actual speed, at SAE Heavy. ..| 0.187 0.191 34 \Y 0.235 
top speed of the vehicle at 70 F. (No. 11 
| Fig. 1, Fig. 2, and Table 2 give dimensions for SAE heavy and drill) 
'| SAE regular drives for speedometers and tachometers. When SAE Regular..| 0.152 0.161 1lgo Ye 0.200 
| driving a tachometer to indicate engine rpm, the engine connec- en ce 
| jon shall turn at half engine speed. aN 


Min Thread —ele~ xg Ya2Min "the Thad Ty"/8NS-2A 
ie 8 He Man =e eee 
Se " A BmPapareae. P, F Fs 
Usdddddstittbddd. 6329 
FQ SSS} e 
CRE — 2 —-— Ht 90 OV EZ 
LUMI, alle 
LLP 060" e 
fotation £.002 3 4.062 
Width of SloF Clockwise “7| 468" ~-010 
if / ro) (2) PAE ‘es /p 23 ; 
.072" 4.002 | eee A Tap %é'-/9NS-2B Min Thread 
P?\.6329" Posies ; 
Csk 90° 76" *8* Dia 
Engine Connection Engine End of Drive Shaft Instrument End of Drive Shaft Instrument Connection 


Fig. I—SAE Heavy Drive ror SPEEDOMETERS AND TACHOMETERS 


thd '%; jen 20UNEF pits Rotation zu Sy Z % 4e A Max z "+t Ye Thd 5 18 
-?A 3 Clockwise je 2 ant Yea. 13 
% 5 64 -O * 
16 Flex.Cable 


Sy 


—— 


Ty VA 


eae TE 5 
Ui 


Scores 
4 


Tap el NS-2B Tap Ya"-/BUNF-2B 


Thal 4-18NS-2A 


-6449 “ 
fay Eee is MO 
3 Csk 902 fg ~8*bia 
Engine or Transmission Engine or Transmission Instrument End Instrument 
Connection End of Drive Shaft of Drive Shaft Connection 


Fig. 2—SAHE ReeuLiarR Drive ror SPEEDOMETERS AND TACHOMETERS , 
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758° CHAIN SLOTS IN PASSENGER-CAR WHEELS 


Chain Slots 
in Passenger-Car Wheels 


SAE Recommended Practice 


Report of Chain Slot Technical Committee approved December 1948. 


A unit chain is a chain traction device designed for application 
to tires of vehicles when these vehicles are unable to proceed 
either forward or in reverse because of mud, snow, or the like. 

Generally, the unit chains consist of two standard cross chains 
attached to a steel side plate or wire loop in such manner as to 
provide spacing of approximately 314 in. between the cross 
chains. A webbing strap attached to one of the side plates is 
passed through the wheel slot and attached to the side plate on 
the opposite side of the tire with a buckle. 

Unit chains are only to be used as emergency chains since they 


Passenger-Car- 
Trailer Couplings 


provide a minimum of intermittent tractive effort and can cause 
damage to axles, transmission, and differentials. Unit chains 
may be used for emergency operation but should be remoyed as 
soon as possible. Operation of unit chains on highways is danger- 
ous because of the wide, unprotected space between the units. 

It is recommended that passenger-car wheels have four chain 
slots to provide for the installation of emergency unit chains, 
the slots to be 3 in. minimum depth and 144 in. mimimum 
width, the edges to be smooth. The outer edge of chain slots 
should be the inner diameter of the rim or as close as possible 
to this diameter. 


SAE Recommended Practice 


Report of Passenger Car Division approved January 1938 and last revised by Trailer Hitch Technical Committee March 1949. 


[This SAE Recommended Practice is applicable for use in 
connection with trailer regulation by State or Federal authorities 
having regulatory powers over motor vehicles, but tts inclusion in 
State or Federal laws where flexibility of revision is lacking is 
discouraged.] 


Definition—The term passenger-car trailer is intended to refer 
to all types of trailers which are towed by the conventional 
passenger car (except buses). The following recommendations 
apply only to passenger-car trailers that are drawn by passenger 
cars and on which the coupling or couplings are located at the 
rear of the body of the towing vehicle. This Recommended 
Practice is intended primarily for ball-and-socket, ring-and- 
pintle, and clevis-and-pin types of coupling. It should not be 
construed as a limitation to these three basic types alone but 
should apply to any draft means designed to serve this purpose. 


Coupling Nomenclature—The following have been adopted 
for uniformity in the terms used for the component parts of 
the trailer-coupling mechanism: 

The hitch is that part of the connecting mechanism, including 
the coupling platform, which is attached to the towing vehicle. 

The coupling is that part of the connecting mechanism by 
which the connection is actually made and including the sup- 
porting mechanism back to the trailer frame. 

Trailer Classification—Class A: nonpassenger-carrying utility 
trailers, with a gross weight not to exceed 2000 lb. 

Class B: all types, passenger- or nonpassenger-carrying trailers, 
with a gross weight of 2000 lb and not to exceed 5000 lb. 

Class C: all types of trailers with a gross weight of 5000 lb 
and not to exceed 10,000 lb. 

Coupling Classification—There shall be three sizes of couplings 
to cover all passenger-car trailers. The size of the coupling shall 


—— 
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be based on the gross trailer weight rather than the weight on the 
coupling. The No. 1 coupling shall be for Class A trailers, the 
No. 2 coupling for Class B trailers, and the No. 3 coupling for 
Class C trailers. This is not intended to limit the number or 
variety of couplings in a given class. 

Hitch—The hitch and coupling platform shall be of such 
design as to conform to the minimum strength requirements of 
the coupling classification. Where a ball-and-socket type of 
coupling is used, the ball must conform to the minimum load 
ratings of the mating coupling. 

Location of Hitch—Attachment to towing-car bumpers is 
limited to Class A trailers unless suitable means are provided 
for stiffening the bumper bar and transferring stress loading to 
the frame through the bumper brackets. 

Provision for Safety—Couplings in all classes must be equipped 
with a manually operated mechanism so adapted as to prevent 
disengagement of the unit while in operation. In addition to this 
positive locking mechanism, the hitch shall be so designed that 
it can be disconnected regardless of the angle of the trailer to the 


‘towing vehicle. 


Ratings—There shall be a standard minimum strength test 
or couplings by class as shown in Table 1. 


Passenger-Car-Trailer 
Data Plate 


TABLE 1—Strength Ratings for Trailer Couplings 


ee ea DIAMETER, IN. MINIMUM BREAKING-POINT REQUIRE- 
aeheere | Denoea | (Wants Bie as, 
IS USED) 
Class A} No. 1 1% Longitudinal tension...... 6,000 
aS. A. Longitudinal compression. 6,000 
(11.04) Transverse thrust......... 2,000 
Vertical tension........... 2,500 
Vertical compression...... 2,500 
Class B} No. 2 2 Longitudinal tension...... 15,000 
a§.A. Longitudinal compression. 15,000 
(12.56) Transverse thrust......... 4,000 
Vertical tension:.......... 7,000 
Vertical compression...... 7,000 
Class C} No. 3 246 Longitudinal tension...... 30,000 
aS. A. Longitudinal compression. 30,000 
(16.80) Transverse thrust......... 10,000 
Vertical tension........... 12,500 
Vertical compression...... 12,500 


® Resulting surface area in square inches. 


SAE Recommended Practice 


Report of Passenger Car Division approved January 1938. 


[This SAE Recommended Practice has been adopted as the 
minimum information that should be furnished by the trailer 
manufacturer for identification purposes and to make the data 
available in a standard location on the trailer for inspection by 
customs or regulatory officials with the least inconvenience to the 
trailer owner.] 


The trailer manufacturer’s identification plate in passenger- 
car trailers should be located in the jamb of the principal trailer 
door and should give the following data regarding the trailer: 

1. Trailer manufacturer’s name and address. 


2. Trailer serial number (to correspond with the serial number 
on the trailer frame). 

3. Trailer model. 

4. Net total trailer weight (including standard equipment 
furnished by the trailer manufacturer). 

5. Maximum gross weight on each wheel. 

6. Maximum gross weight on the coupling tongue. 

The detail design of the plate is left to the individual trailer 
manufacturer. The data required above will give the minimum 
information that should be available for identification purposes 
and for easy and uniform inspection. 
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Commercial-Vehicle Nomenclature 


SAE Standard 


Report of Commercial-Vehicle Nomenclature Technical Committee approved June 1948. 


Vehicle—A vehicle is any single conveyance on wheels. 

Motor Vehicle—A motor vehicle is any vehicle self-propelled 
or drawn by mechanical power, operated on the highways or 
natural terrain in the transportation of property or passengers. 

Motor-Vehicle Chassis—A motor-vehicle chassis is a motor 
vehicle stripped of all essentials necessary for the accommodation 
of driver, property, or passengers. 

4 x 2—A 4 x 2 motor vehicle is a two-axle motor vehicle 
equipped with four wheels, two of which are driving wheels. 

4a 4—A 4x 4 motor vehicle is a two-axle motor vehicle equip- 
ped with four wheels, all of which are driving wheels. 

6 x 2—A 6 x 2 motor vehicle is a three-axle motor vehicle 
equipped with six wheels, two of which are driving wheels. 

6 x 4—A 6 x 4 motor vehicle is a three-axle motor vehicle 
equipped with six wheels, four of which are driving wheels. 

6 x 6—A 6 x 6 motor vehicle is a three-axle motor vehicle 
equipped with six wheels, all of which are driving wheels. 

(Note: Motor vehicles designed with other combinations of 
driving and nondriving axles are defined in the same numerical 
order.) 

Motor Truck—A motor truck is a single self-propelled motor 
vehicle carrying its load on its own wheels and designed for the 
transportation of property. 

Truck Tractor—A truck tractor is a motor vehicle designed 
primarily for drawing truck trailers and constructed so as to 
carry part of the weight and load of a semi-trailer. 

Conventional Truck or Truck Tractor—A conventional motor 
truck or truck tractor is one with the driver’s compartment and 
controls located at the rear of a hood-enclosed powerplant. 

Cab-Forward Truck or Truck Tractor—A cab-forward motor 
truck or truck tractor is one with the driver’s compartment and 
controls located forward of their position on the conventional 
front-end type of motor truck or truck tractor. 

Off-Highway Motor Vehicle—An off-highway motor vehicle is 
any motor vehicle designed primarily for transporting property 
on natural terrain and may be of such size or weight as to be 
restricted from operation on highways by State laws or regula- 
tions. 

Multistop Delivery Truck—A multistop delivery truck is one 
equipped with a fully enclosed body with driving compartment 
integral and especially designed for quick and easy ingress and 
egress. 

Gantry Truck—A gantry truck is a motor truck so designed 
and constructed that it straddles the load to be transported and 
by means of an appropriate mechanism picks up the load and 
supports it during transportation. 

Motor Bus—A motor bus is a single self-propelled motor 
vehicle designed for the transportation of ten or more passengers. 

City-Type Motor Bus—A city-type motor bus is a motor bus 
designed to accommodate the maximum number of passengers, 
both seated and standing, within the body space. 

Suburban-Type Motor Bus—A suburban-type motor bus is a 
motor bus designed primarily for maximum passenger seated 
load and equipped with overhead parcel racks. 

Inter-City-Type Motor Bus—An inter-city-type motor bus is a 
motor bus designed for long-distance transportation of passengers 
with provision for the accommodation of their baggage. 


Trolley Bus—A trolley bus is a motor bus electrically powered 
from overhead wires. 

School Bus—A school bus is a motor bus equipped to carry 
school children. 

Truck Trailer—A truck trailer is a motor vehicle, with or 
without auxiliary motive power, designed to be drawn by a 
motor vehicle. 

Semi-Trailer—A semi-trailer is a truck trailer equipped with 
one or more axles and constructed so that a substantial part of 
its weight and load is carried by a truck tractor. 

Full Trailer—A full trailer is a truck trailer constructed so 
that practically all of its weight and load rests upon its own 
wheels. 

Dump Tratler—A dump trailer is a truck trailer provided — 
with a body which can be tilted or otherwise manipulated to 
discharge its load by gravity. 

Low-Bed Trailer—A low-bed trailer is a truck trailer equipped 
with or without a platform body and constructed to provide a 
low loading height and designed for the transportation of ex- 
tremely heavy or bulky property. 

Tank Trailer—A tank trailer is a truck trailer designed for 
the transportation of fluid commodities in bulk. 

Passenger Trailer—A passenger trailer is a truck trailer de- 
signed primarily for the transportation of passengers. 

Pole Trailer—A pole trailer is a truck trailer without auxiliary 
motive power, designed to be drawn by a truck or truck tractor 
and attached by means of a reach or pole, or by being ‘‘boomed”’ 
or otherwise secured to the drawing motor vehicle and intended 
for transporting long or irregularly shaped loads such as poles 
logs, pipes, or structural members which are capable generally 
of sustaining themselves as beams between supporting connec- 
tions. 

(Note: Wheel and axle complement: Two wheels are con- 
sidered the complement of any axle regardless of whether they 
may be single- or dual-tire equipped.) 

Single-Azle Truck Trailer—A single-axle truck trailer is a 
truck trailer equipped with one axle and two wheels. 

Two-Axle Truck Trailer—A two-axle truck trailer is a truck 
trailer equipped with two axles and four wheels. 

Three-Azle Truck Trailer—A three-axle truck trailer is a 
truck trailer equipped with three axles and six wheels. 

Trailer-Converter Dolly—A trailer-converter dolly is an auxil- 
iary axle assembly equipped with a lower fifth-wheel half, draw-_ 
bar, and other necessary parts designed to convert a semi- 
trailer to a full trailer. 

(Note: The vehicles defined in this list are used in combinations 
as illustrated in Figs. 1 and 2.) 

Bodies—Pick-Up Body or Express Body—A pick-up body is an 
open box body with or without flare boards. A pick-up body is 
usually smaller than an express body. 

Sedan Delivery—A sedan delivery is a passenger-car sedan- 
type body adapted to commercial use. 

Panel Body or Van Body—A panel body or van body is a 
fully enclosed body. A panel body is usually smaller than a van 
body. 

Open Van Body—An open van body is a body consisting of a 
platform and permanent solid front and sides with or without 
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10. 


tas 


12. 


13. ( © © © 


MMT 15-1 


Two-axle truck with two-axle full trailer in combination. 

Two-axle truck with two-axle full trailers in combination. 

Two-axle truck with three-axle full trailer in combination. 

Two-axle truck with two three-axle full trailers in combination. 

Two-axle truck with one three-axle and one two-axle full trailer in combination. 

Two-axle truck with single-axle semi-trailer in combination. 

Two-axle truck with two-axle semi-trailer in combination. 

Two-axle pick tractor with single-axle semi-trailer in combination. 

Two-axle truck tractor with single-axle semi-trailer and two-axle full trailer in combination, 
Two-axle truck tractor with single-axle semi-trailer and three-axle full trailer in combination. 
Two-axle truck tractor with two-axle semi-trailer in combination. 

Two-axle truck tractor with two-axle semi-trailer and two-axle full trailer in combination. 


Two-axle truck tractor with two-axle semi-trailer and three-axle full trailer in combination. 


Fig. 1—Two-Ax.Le Truck anp Truck Tractor Group 


doors or tailgate and without a permanent top. 

Platform Body—A platform body is a body without raised 
sides or covering. 
_ Stake Body—A stake-body is a platform body with readily 
removable stakes which may be tied together with chains, slats, 
or panels. 

Rack Body—A rack body is a platform body with slatted 
sides to contain the load. 

Dump Body—A dump body is a body which can be tilted or 
otherwise manipulated to discharge its load by gravity. 

Tank Body—A tank body is a body designed for the trans- 
portation of fluid commodities in bulk. 


Identification of Motor-Vehicle Combinations—Figs. 1 and 
2 illustrate and identify combinations of motor vehicles. Fig. 
1 applies to two-axle group, and Fig. 2 applies to three-axle 
group. 

(Note: Two wheels are the complement of any axle regardless 
of the number of tires, whether singles, duals, or more. 

Trucks and tractors may be either 4 x 2,4 x 4,6 x 2,6 x4, 
or 6 x 6. Additional combinations are possible by other wheel 
or axle arrangements.) 


(Continued on next page.) 
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14. Three-axle truck with two-axle full trailer in combination. 

15. Three-axle truck with two two-axle full trailers in combination. 

16. Three-axle truck with three-axle full trailer in combination. 

17. Three-axle truck with two three-axle full trailers in combination. 

18. Three-axle truck with one three-axle and one two-axle full trailer in combination. 

19. Three-axle truck with single-axle semi-trailer in combination. 

20. Three-axle truck with two-axle semi-trailer in dombinetion. 

21. Three-axle truck tractor with sitiplo-axla semi-trailer in combination. 

228 Three-axle truck tractor with single-axle semi-trailer and two-axle full trailer in combination. 

23; Three-axle truck tractor with single-axle semi-trailer and three-axle full ae in combina- 
tion. ‘ 

24. Three-axle truck tractor with two-axle semi-trailer in combination. 

25. Three-axle truck tractor with two-axle semi-trailer and two-axle full trailer in combination. 

26. © © Three-axle truck tractor with two-axle semi-trailer and three-axle full trailer in combination. 


MMT 1S+1 


Fig. 2—TuHrrEE-AXLE TRUCK AND Truck Tractor GROUP 


Pe ee ee ee 


Certificates of Maximum Net Horsepower 
for Motor Trucks and Truck Tractors 


Report of Motorcoach and Motor Truck Division approved January 1941. 


[In the report of the SAE Motor-Truck Rating Committee on 
Ability Ratings published in the January 1940 issue of the SAE 
Journal, it was recommended that pounds per certified net brake 
horsepower delivered to the clutch or tts equivalent be used as the 
index of the potential ability of a motor truck or combination. This 
report defined the term “certified net brake horsepower’ in detail 
and recommended that certain data be provided to support the 
|| certification. The accompanying forms provide a method for the 
+ presentation of the data specified.] 


CERTIFICATE OF MAXIMUM NET HORSEPOWER 


This is to certify that the truck identified as follows: 
(truck tractor) 


ONC BONE INTO i oe ce ve ne oly inns lees oe eat, 


is in proper operating condition and adjustment, has a maxi- 
mum net brake horsepower, not less than............ 
(Nie ee. So rpm, after deducting power losses due to 
power-absorbing accessories checked on supporting data sheet 
on the back of this certificate. 


(Sign ed) heaente cay. ster see arr ar tacere. 

(CLL GLG) tenceays Meas ramen Pe nek eae ect 

(Goss ewe ratte: cers. Oe Race Oe eee 
on to and subscribed before me thig........... GORE) Hewat Se ae eee le. 
Notary Public (County) (State ) 


PMY) COMIN IRSIONI- EXILES Ne celevee becieie.s ails tslaia.cre(clajsieieie sisi sseiciave 


Fig. 1—CrrriricaTIon ror GAsoLINE AND DisseL ENGInEs— 
Front or Form 


(Plot Gross and Net Horsepower Curves and 
Indicate Horsepower Certified) 


(This Area to be Ruled for Plotting Curves) 
(Approx. 6 in.x 4in.) 


Horsepower (Gas Eng.) 
i | a 


| Engine rpm. pa 


| Fic. 2—Prrrormance Dara Suerr ror GasoLinE ENGINES— 
| Back or Form 


| Gasoline Engine—Gross horsepower is the brake horsepower 
| determined under conditions as defined hereinafter by dynamom- 
; eter test of the stripped engine—that is, the brake horsepower 
| of the engine with only those accessories and attachments neces- 
sary to the functioning of the engine during this test. 

Net horsepower is the brake horsepower delivered to the clutch, 
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or its equivalent, with all accessories and attachments function- 
ing Gneluding exhaust pipe, muffler, and trail pipe) which are 
standard or regular equipment on the engine as installed in the 
particular chassis model. The manufacturer may determine 
the net horsepower by subtracting accessory power consumption 
from the gross brake horsepower or by direct test with accessories 
installed and functioning. 

Horsepower shall be determined under conditions and in ac- 
cordance with procedure prescribed by current SAE Standard 
Engine Test Codes for the type of engine under test. 


Description of Engine and Equipment 


Engine Make... ........: 9. Exhaust-Valve Clear Diam.} 
Engines Modelers et ee eth heared yD in. 
INomormG@ylinderstar ss. css: 10. Exhaust-Valve Lift!.....in. 
Che ae in., Stroke..in. 11. Inlet Valve Opens!......... 
Piston Displacement..cu in. 12. Inlet Valve Closes!......... 
Compression Ratio......... 13. Exhaust Valve Opens!...... 
Inlet-Valve Clear Diam.! 14. Exhaust Valve Closes!..... 
Oe ae in. 15. Max Spark Advancel....deg 

8. Inlet-Valve Lift}......... in. Retard....... deg 


NP oom oo 
w 
[o} 
5 
oO 


1Tf not poppet type, explain below 


Power Absorbing Accessories, Equipment, and Attachments 


In column A, check items which were functioning when gross 
horsepower was determined. In column B, check all additional 
items which were functioning when net horsepower was de- 
termined. List and check any additional items. For items not used, 
write ‘““None’’. 


A B A B 
eR OvVeP in pieces: senten|| Soccer UD E aa ND ed WU NCT ENE Gas Gussie ae | Hts 
2. Water Pump?...... ee Penk GrOVeEN ORs. wale mayaeel toate 
Sep aN ee cert ne ees Peelers kOe GeNneratOliecaieries clsa5 ose 
4. Exhaust Pipe!..... Soothes ll U8 Meer icon 2a see moins a alloca 
BeeViuthertes). jem. o. ...s{..-.{| 14. Compressor....... eee (eee 
GarbramPipesca ies eetseal eee ILO erga ere teow s, vibe. Seats ie rd ae 
Cho AiG! eth oah ins ween Bh rra ie |ML Oe acetic etdctaycis ies es eae abate 
Sealone Pisum UbOLe sre eae |i Me Nd se Sep rity vcs cose eve cena t/a RA cee 
9. Magnetos 2... cc Seed gear 

1 Required. 


2 Required if watercooled. 
8 Hither or both . 


Fuel used in brake horsepower tests is to have octane rating 
equivalent to that of currently available “‘regular-price” gaso- 
lines. 

Diesel Engine—Gross horsepower is the brake horsepower 
determined under conditions as defined hereinafter by dynamom- 
eter test of the stripped engine—that is, the brake horsepower 
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(Plot Gross and- Net Horsepower Curves and 
Indicate Horsepower Certified) 


(This Area to be Ruled for Plotting Curves) 


(Approx. Gin. x 4 in.) 


Corrected Horsepower (Diesel Eng) 


Engine rpm. MS 


Fig. 3—PERFORMANCE Data SHEET FoR DIESEL ENGINES— 
Back or Form’ 


of the engine with only those accessories and attachments neces- 
sary to the functioning of the engine during this test. 

Net horsepower is the brake horsepower delivered to the clutch, 
or its equivalent, with all accessories and attachments functioning 
(including exhaust pipe, muffler, and trail pipe) which are 
standard or regular equipment on the engine as installed in the 
particular chassis model. The manufacturer may determine 
the net horsepower by subtracting accessory power consumption 
from the gross brake horsepower or by direct test with accessories 
installed and functioning. 

Corrected horsepower shall be determined under conditions and 
in accordance with procedure prescribed by current SAE Stand- 
ard Engine Test Codes for the type of engine under test. 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 


Description of Engine and Equipment . 
1; “ngineMiake:@...shccaath © Dap BOrGr ret een ae in., Stroke. ..in. i 
2. Engine Model............ 6. Piston Displacement....cuin. | 
3. Cycle Strokes.........in. 7. Compression Ratio............ 


4. No. of Cylinders......... 


Power Absorbing Accessories, Equipment, and Attachments 


In column A, check items which were functioning when gross 
horsepower was determined. In column B, check all additional 
items which were functioning when net horsepower was de- 
termined. List and check any additional items. For items not 
used, write ‘“None’’. 


A B A B 

1. Lubrication Oil Pump!|....|....]| 9. Air Cleaner....]....|.... 
2. Fuel Transfer Pump..|...-|:-..|) 10. Governors. 2a)eeeeeee 
3. Fuel Injection Equip- aS 

ment), = —eestios.|.2%sl| 11. (Generator:.22 ane 
4. Water Pump?.....:... wveclees 12. Vacuum Pumper 
lifes JENGA AEs Drei ere bana a sullev ef! Ld. Compressonseee | en aatam 
6. Exhaust, bipe ss. wee waales soll 14.0 006 3.26 ee 
ie Miter ere ees ee wae tfed sal! Oot a neyae..6 eee 
Seebrail Pipe. nace aaasehe 16. 2s. ae eee ee 

1 Required. 


2 Required if watercooled. 


Fuel used in brake horsepower tests is to have 40 to 60 cetane 
rating. 


Spark Plugs, Size and Type 


FUEL SYSTEM 


COOLING SYSTEM 
Radiator, Make and Type 
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Motor-Truck-Chassis 
Record Form SAE Recommended Practice 
Report of Motorcoach and Motor Truck Division approved January 1932. 
Motor-Truck-Chassis Record Form 
OrderpNOmee ee cases sb tek Back of Cab to Center of Rear Axle, in......... Chassis| Weight, lb.. 223-20 ers - ae 
VIO IBINO Mees cracls clans fo Aeit ee Weight Distribution iBodya Weighitelpiete) eee rae eines 
(Ghaseiss Nomen sie. kts ook ake PromteyVMeelea lout. « caqerth he phameioh eee PayloadaWeighis low 14 scuae ee orr 
Veo lO Soy Thelag ce tote Se cere eee AVE a TAW EC SHA aha. .sm teres Son etna ied gk tes GrossiWeight, Ub:onsec ake eee 
UNIT DESCRIPTION UNIT DESCRIPTION UNIT DESCRIPTION 
No. of Compression Rings |j............ Ain Cleaner-eNigke cm pea tieen te sere 
ENGINE SizerandiClearance, 99 |anoss. haces ModelvandeDypes @ . sclera cherie 
Numberior OiusRimgs: 2 9 9 jaa. secmo chu: 
ICME sec. cea wale pizerancde@learance. 9) |iencacaten. 
iodo mene TN TLS oe nen EXHAUST SYSTEM 
ESCH ONG We lk ganas. (CRON DIR INORG AE a en lea Muffler, Make and Type sij............... 
NumberromOyaimders 6 Pasi ee eeu Makerandwitypem 9 40 | hae crete oh 
IBXeyqe) eheVG! (SLICOL Spon 0 | a Rartworioetial NO) 9 oy 9 Wiser cee nes 
Cylindemiicady hype 9 finns. aee een: Setting Recommended | fingns-.. i. 
Cyl-Head Gasket, Thickness |............ See Cail eee ee ee | hr ie a Mc 


WMalveiStem Diam, Inlet  /|\.........%. Thana Calpeneiins @ \ |) | nS (eee Capacity s lpm oy 8 eet Milage ce et 
TOSS OUI) tin ey. pl Soe eunemrcnne se Overallonnenssin,  Wiceeecs. ssn Raqgiatorshutters| = 7 |snsds tees 

Valve Guide Bushing, Inlet |............ WO CAOVMMIMMMENR IS [8c on cewcieiayvasse IRE al Bj oye ee A eee iets ince Rents or 
Hxhauste site tarecc! ott GasolinexGageree | OS? [icine ns eltowby per, «| Mew Tiss tance se 


Pistons, Make and Type 
Material 
Clearance at Top, in. 
Clearance at Skirt, in. 

Piston-Pins Diameter, in. 
Clearance, in. 

Piston Rings, Make 


Make and Type 
Vacuum Tank 

Make and Type 
Fuel Pump, 

Make and Type 
Carburetor, Make 

Model and Type 

Size, in. 


Water Pump, Type 
OILING SYSTEM 


Pressure Gage 
Chassis Lubrication, Type 
Oil Filter, Make and Type 
Rectifier, Type 


ELECTRIC SYSTEM 
Magneto, Make and Type 
Impulse Starter, Type 


CLUTCH 
Make and Type 
Number of Driving Discs 


Drive Chains, Make and 
Type—Size, in. 
Jackshaft, Assembly No. 


Magneto Coupling, Type  _—_i$s.............-. Number of Driven Dises' _—_i.............. GearsRatio. ie namte ulead. Aroms 
Generator, Make and Type _i#............ Release Bearing, Make  _~—_if.............. 
VIQ)EESES TR EER ere Mv pevancdusizes ") yates be eek ee oe CONTROL 


Cut-Out, Make and Type 
Unit with Regulator? 


Pilot Bearing, Make 
Type and Size 


Steering-Gear Assembly 
Make 


SCAMINRENIOUOMME EEN 1) 8 | beeen oilers FEV Dewi at ik a cel tree tere mance 
Makevanae types 9 frritt. nine e en TRANSMISSION 
WMOMApemmm ee Din chs c FRONT AXLE 
Stamemewitehy 6 6 [ka iu es ene es Makerand@iypemem Sar nits netcne 
IDES Ee (eee Auxiliary Transmission  if............ MERSIN NKR, eH ING. 2) 9) Mionédocuocser 


Battery, Make and Type 
Voltage 
Ampere Hours 
Overall Dimensions 
Distributor 
Make and Model 
Spark Coil, Make 
Ammeter, Make 
Ignition Switch, Make 
Headlamps 
Make and Type 
Lens, Make and Type 
Size, in. 
Stoplight, Make 
Fuses, Size 


Fitted for Power Take-Off? 


DRIVE 
iPropellertshatt, ones 0) el |saeccesnes 
Length Overall, in. 

Universal Joints, Make 
Propeller-Shaft Center 

Bear.—Make and Type 
Propeller Shaft, Short 

Length Overall, in. 

Universal Joints, Make 
Sprockets, No. of Teeth 

Front 

Rear 


(Continued on next page.) 


Wheels, Make and Type 
Tires, Make and Type 
Size 
Rim, Type 
Wheel Bearings, Make 
Inner, Size 
Outer, Size 
Hub Assembly, Type 


REAR AXLE 


Assembly, Part No. 

Wheels, Make and Type 

Tires, Make and Type 
Size 
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Motor-Truck-Chassis Record Form (Concluded) 
UNIT DESCRIPTION UNIT DESCRIPTION UNIT DESCRIPTION 
Rimeibypey = My wel Se Cee Avore me SPRINGS BODY 


Wheel Bearings, Make 
Inner, Size 
Outer, Size 
Hub Assembly, Type 
Differential, Type 
Differential Housing, No. 
Type 
Gear Ratio 


FRAME 
Make and Serial No. 
Special Members 


BRAKES 


Foot Brakes, Make and Type 
Hand Brakes, Make and Type 


Front, Make and Type 
Rear, Make and Type 
Helper Springs 


ODOMETER 

Hubodometer 

Make and Type 
Speedometer, 

Make and Type 
Pinion Gear 
Swivel Joint 
Drive Gear 
Shaft 
Elbow 
Adapter 
Odometer Shaft 

Length, in. 
Driven from 


Cab, Make and Type 
Body, Make and Type 


EQUIPMENT 

Hoist, Make and Type 
Power Take-Off 
Power-Take-Off Mounting 
Tire Pump, Make 
Winch, Make and Type 

Capacity 
Driving-Tower Assembly 
Shock Absorbers, Make 
Horn 


Description of Features 


sewer ee eee ew 


Preventive Maintenance 


and Inspection Procedure 


SAE Recommended Practice 


Report of Transportation and Maintenance Technical Committee approved July 1947. 


Experience accumulated by operators of large fleets of vehicles 


indicates a need for the adoption of a preventive maintenance 
and inspection schedule. The accompanying recommendation 
provides a broad, flexible basis for periodic maintenance of all 


types of automotive vehicles. Used as a guide, this schedule 


can be adapted by any vehicle operator, after study of past 
experience in his own service, to fit his particular operating 


conditions and types of vehicles. 


Depending on operating conditions, either a time or mileage 
basis may be used for scheduling preventive maintenance and 
inspections. Many fleets commonly use the intervals between 
such maintenance and inspection services shown in Table 1. 

A—The A maintenance service is designed to cover the items 
and work normally required every day or each time the vehicle 
leaves (or enters) the garage. Many of the items are, or should 


be, noted automatically by the driver or garageman. 


TABLE 1—Maintenance Service Intervals 


B Cc D E 
TYPE OF VEHICLE A = my ha 
“ Miles Miles Miles Miles 
Passenger cars: aie o. saan = ech cae Daily 1,000 to 2,000 4,000 to 6,000 30,000 to 50,000 60,000 to 100,000 
Light trucks, stop-and-start service. .... Daily 500 to 2,000 3,000 to 5,000 20,000 to 30,000 40,000 to 60,000 
Light trucks, long-haul service.......... Daily 1,000 to 2,000 4,000 to 6,000 40,000 to 60,000 80,000 to 120,000 
Heavy trucks, stop-and-start service. ... Daily 500 to 2,000 3,000 to 5,000 30,000 to 40,000 60,000 to 80,000 
Heavy trucks, long-haul service......... Daily 1,000 to 2,000 4,000 to 6,000 40,000 to 60,000 80,000 to 120,000 
Small buses, city service................ Daily 1,000 to 2,000 3,000 to 5,000 30,000 to 40,000 60,000 to 80,000 
Small buses, cross country............ Daily 1,000 to 2,000 4,000 to 6,000 40,000 to 60,000 80,000 to 120,000 
Large buses, city service............... Daily 1,000 to 2,000 4,000 to 6,000 40,000 to 60,000 80,000 to 120,000 
Large buses, cross country.............. Daily 1,000 to 2,000 4,000 to 6,000 40,000 to 60,000 80,000 to 120,000 


(Continued on next page.) 
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B—The B maintenance service is primarily designed to fit the 
lubrication period. Many of the items shown are, or should be, 
noted by the lubrication man during greasing operations or 
while driving the vehicle to and from the lubrication rack or pit. 
The type of lubricants and lubrication equipment used, the 
design of the vehicles, and the operating conditions all affect 
the interval between B maintenance-service periods. 

C—The C maintenance service includes, in addition to the 
function of B, most of the adjustments and tests plus a heavy or 
physical inspection with repairs. It may involve replacement 
in order to obtain the necessary adjustment or test results. It 
should be kept in mind that the success of any preventive main- 
tenance and inspection procedure depends not merely on finding 
the defect but on the correction, adjustment, or replacement 


| ~ in time to save man hours and material. The time involved on 


this C maintenance service depends upon the vehicle design, the 
shop equipment, special tools, and the working conditions. It 


_ is practically impossible to make a satisfactory inspection of 
_ many parts until they have been properly cleaned. 


D—The D maintenance service is designed to fit the more 
extensive repairs, such as replacement of piston rings, engine- 
bearing adjustment, heavy-unit replacement, in which more 
time and equipment is required than on the C service. The 
mileage interval between D maintenance-service periods will 
vary considerably, and it is recommended that the vehicle be 
assigned to D service as the result of tests made on C service. 

H—In many types of service, it is desirable to schedule com- 


GROUP NO. 1—Azle, Front 


MAINTENANCE SERVICE 
ITEM 


A B C D E 
1-Al. Axle, center....... — L H H R 
1-A2. Axle and wheel| — 
alignment.......| — | L AA gee. TA 
1-Bl. Brake spider....... —_ L H H R 
1-Sl. Steering knuckle 
and pins. ke...)  — OL OHT | OH R 
1-S2. Steering arms — ae H H R 
1-Tl. Tie-rod assembly..| — | AOL | AOH | AOH | R 
1-T2. Thrust bearings...| — OL OH OH R 
GROUP NO. 2—Acle, Rear 
MAINTENANCE SERVICE 
ITEM 
A B (o D E 
2-Al, Axle shaft......... L L H R R 
2-D1. Differential hous- 

ACU ren aes cae a» — OL OH OH R 
2-D2. Differential gears..| — L L H R 
2-D3. Differential bear- 

MSc age eth — — L AH R 
2-H1. Housing tube and 

spider assembly..| — L L H R 
2-Pl. Pinion shaft and 

worm oil seals...| — Ti ae AH R 
2-R1l. Radius rods....... — L H H R 
2-W1. Wheel bearings oil 

Ve sia Semen — L L R 


plete and comprehensive vehicle overhauls at periodic intervals. 
The EH maintenance schedule can readily be adapted to specific 
vehicle operations requiring this type of service. Vehicle design, 
operating conditions, and quality of the A, B, C, and D main- 
tenance services are the primary factors affecting the need for 
an E service schedule. These factors also affect the amount of 
work required on that schedule, and the time or mileage interval 
selected for # maintenance service. 


Code: 


A—Adjustments 

H—Heavy or physical inspec- 
tion or repair 

L—Light or visual check-up 


O—Oil, lubricate, or grease 

R—Replacements, rebuild, or 
recondition 

T—Tests 


GROUP NO. 3—Body and Cab 


MAINTENANCE SERVICE 
ITEM 
A B G D E 

3-Bieee Bumpers4 ie «5... —- L H H H 
3-Cl. Cross members....| — L H H H 
BEC a CURCAINS: car.te ta. — L H H H 
S55 ily, Bi D Yayo es ease fa ae le aman Ab OLT | OAH |,OAH | R 
3-D2. Door engine (air) 

and mounting...| — OLT | OAH | OAH 
3-D8. Door controls...... ly OLT | OAH | OAH |] R 
3-El. Engine housing, 

hood, and splash 

Danese aire. a e — L H H R 
3-Fl. Frame body (or 

Chassis). 23. 00 — L H H H 
3-F2.| Benders. 34... .. «2 L L H H H 
CEIDSH. “AD Gorath Ae) Saat L L H H H 
3-F4. Fire extinguisher...| — L TH CEL ENED 
3-F5. Fifth wheel (trac- 

tor and _  semi- 

trailers) sj0. 0... — OL OH OH R 
3-I1. Instrument panel 

speedometer, 

CECA) eaten tats cia) | — L H H H 
3-L1. Landing gear (semi- 

UEAIErs) eye ts cts .= OL OH OH R 
3-L2. License plates and 

mountings....... L L H H H 
8-M1. Mirrors..........5. LB) i H H H 
3-P1. Exterior side 

panelseacee sacs: — L H H H 
3-P2. Exterior roof 

panel sue as 3: — L H H H 
3-P3. Interior panels. . — |{L H H H 
jal ee Me eek cs ae L L H H R 
3-R1. Running boards...| L L H H H 
3-Sl. Destination signs..; L | L H H R 
BES ANU SC ALS morn ie Se coke L L H H R 
3-83. Stanchion and 

grab rail: o.......) = L H H R 
Sea) LOCOS. «cc. tha oe ne — L H H R 
3-S5. Sun visors......... — L H H H 
3-V1. Ventilators........ — TL TH TH R 
3-W1. Windows, glass....| — | L H H H 
3-W2. Windshield-wiper 

motor and 

DIAGES 2a atk goin a: L TOL | TOH | TOH | R 


(Continued on next page.) 
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GROUP NO. 4—Brake System GROUP NO. 6—Cooling System 
MAINTENANCE SERVICE MAINTENANCE SERVICE 
ITEM ITEM i 
A B Cc D E A B Cc D E 
4-Bl. Brake blocks or 6-Fl. Fan belts and ad- 
Jimi £2 ose ere — (|TL THA |THA |THA justing screws.. .|L AH AH AH R 
4-B2. Brake shoes, 6-F2. Fan, mounting 
springs, rollers, parts and drive..} — |LO HO HO R 
aNd pins sae — |LO OH R R 6-H1. Heater, water and 
4-B3. Brake valve....... fk aes TH R R Controls.) een — |OTL |OTH |OTH JR 
4-B4. Brake controls, 6-H2. Hose, radiator..... — |L H R R 
pedal, and link- 6-P1. Pump _ couplings, 
RECw ae ers — |OL OH OH R WELCD 2. Snake aie a 1G H R R 
4-B5. Brake chambers, 6-P2. Pumps, water....... — |OLA |OHA |R R 
mountings, and 65k Radiator: saeac- ..{(Fill) |L H H R 
DALUS arta ese — |TL AMEE TH R 6-R2. Radiator mount- 
4-C1. Cams, brake....... = ALON AOH: SIE R INP Aris ee ee — IL H H H 
4-C2. Compressor (air), 6-R3. Radiator shutter 
drive and and controls..... L OTH |OTH |OTH |R 
mounting........ OL OLT |AOTH|AOTH|R 6-T1. Temperature indi- 
4-C3. Cylinders and hy- Gators 7 oe ener: — |L H AH R 
draulic lines..... = H H R 6-12. Thermostats... .... — |L H AH R 
4-D1. Drums, brake......|. — |L H H H 6-W1. Water lines........ — |L H H H 
AEG Pee COVerNOLae rere — |TL TH AH R 
4-H1. Flexible brake- 
chamber hose....| — |TL TH bist R 
4-H2. Hand-brake con- 
LOL eee oe er T Oi (ORE | ORE aii 
4-I1. Interlock cylinder.| — |OTL |OTH |OTH |R 
4-L1. Lines and fittings, 
air and water....; — |L HT HT HT 
4-M1. Magnetic airvalve.| — /|L DEY TH R 
4-M2. Master cylinder 
(hydraulic)...... — |OL OL OH R 
4-Q1. Quick-release 
SVQ IVIG Ge 6 rere as — |TL TH TH R GROUP NO. 7—Electrical System 
4-P1. Pressure regulat- 
ing valve........ a PE WEES IR ooo NS in eee 
4-R1. Relay valve........ — j|L ACIEL TH R mn B C D E 
4-S1. Slack adjusters..... — |OA OAL |OAH |R 
4-S2. Safety valve....... — |L H H R 7-Al. Apparatus box or 
4-T1. Tanks, air valves, rezulator......h. — |TL TAH |TAH |R 
and gages........ Drain |L TH TH R 7-A2. Ammeter (gen. 
4-T2. Trailer brakes..... — IT TH AM R change)een sense a. DIE ThE TH TH 
4-V1. Vacuum booster 7-Bl. Battery, cables 
CylIMder ees == |b OH) | Olas kk and mounting..... — |TL TH |Teeed 
7-B2. Buzzer and cord...|/T TL TH TH TH 
7T2CUe WiC cil tae ae = IL AD HT R 
7-C2. Condenser......... — |L ie (ih Ha R 
7-C3. Control equip- 
ment (electric 
TIVC)eaeaysan ee ae ah TL TAH | |TAEOR: 
7-Dice Distributorjen... — |OTL |OATH|R R 
CRONE Oe ee 7-Fl., Fuses.4.014.... — |r. itl |ra |re 
See eon eaniren 7-G1. Generator, drive, 
ITEM and mounting 
A B c D E (low voltage) ....|T OTL |OAH |R 
5-Al. Adjusting ring. .... mia Y Sa Wet: eed GOs GSE SEE ane 
4 tric drive)....... — |OL OHT |OHT 
6-Bil; | Bearing... 22... a-0 — |O OL OH R “511. “Hoatetinud enti: 
5-Cl. Clutch assembly. ..|T LAO |HAO |R R ; lat t — |lpro Irao |lrHo [IR 
5-C2. Clutch control. ..../T TLOA |THAO |THAO |R ahi Sieg ae . 
5-C3. Clutch disk and “H2, Hea a ee ON ei 
Pee ger St rah 3: a R R 7-H3. High tension igni- 
acings 
G2.) Ginn prea nition wire....... == jhe H H R 
PIN Carey seek — — — |H R 


(Continued on next page.) 
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GROUP NO. 7—E£lectrical System (Continued) 


MAINTENANCE SERVICE 


ITEM 
A B Cc D E 
7-H4. Horn, wire and 
UL VOU see e: lah £ TL EL SED R 
(sileelightsen...4ge te +s: T Ge SREL IMEL TH 
7-M1. Magneto........... — |TL TAH |R R 
7-M2. Motor (electric 
GUE) ae eee — |OL OH VOHE GIR: 
7-S1. Spark plugs........) — |TL AH R R 
7-82. Starting motor 
and cables....... at OTL |OTH |R R 
@-93. | Switehes:.........- dB TL REL TH TH 
7-S4. Stop light switch. .|T a TL ADEE R 
7-T1. Turn signals (di- 
meecbional). os. - sc. AR TL TH TH R 
HeWile WHI ee Ae ke) Ls H H H 
7-W2. Windshield wiper 
(electric). se... — |TOL |TOH |TOH |R 
GROUP NO. 8—Engine 
MAINTENANCE SERVICE 
ITEM 
A B Cc D E 
8-Al. Accessory shaft 
and pulley....... — — |AL AH R 
8-B1. Bell housing....... | H H R 
8-@l. (Camshafiten. 22.5 ..|- = )L AH AH R 
8-C2. Connecting rods...| — /|L L AH R 
8-C3. Crankcase and 
main bearings...| L |L L AH R 
8-C4. Crankshaft........ — — — | R 
8-C5. Cylinder block..... 1Gjg. PLE H H R 
8-C6. Cylinder head..... iby je; HT RT R 
8-C7. Cylinder compres- 
ROMER ete te ae — — |T EE on 
8-El. Engine cranking { 
aa US esheets cots — |TLO |THO |THO |R 
8-E2. Engine to com- 
pressor drive..... == ie R 
8-E3. Engine mounting 
: DALES Sr afc: eal eae Cet R 
8-Fl. Flywheel, ring 
Foes Geen Sen eee — iL L R 
8-G1. Gear cover and ad- 
justing screws...| — |L AH AH R 
8-M1. Manifold and heat 
GONTEO A. ch Se: — |L H H R 
8-Ol. Oil filter and ele- 
VM URE pata = = ees Ls H R R 
8-02. Oiling system and 
AGC MMe cate Ce: TUG ba HT HT R 
S-O3se Oil pan. ....6c5-~. LO |LO HO RO R 
8-P1. Piston rings and 
PINS ewe ey. <5. — IL Iba R R 
8-Tl. Timing gears...... — |L [AL AH R 
8-V1. Valve, and lifter 
DREUSH Oe tee detec — IL AHT |RA R 
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GROUP NO. 9—Frame Springs and Mounting 
MAINTENANCE SERVICE 
ITEM 
A B C D E 
9-H1. Hanger brackets.... — |L H H Nabe 
9-S1. Shackle bars.......| — |L H H R 
9-S2. Shackles and pins..| — [OL OH OH R 
9-83. Spring U-bolts.....} — |L H H H 
9-S4. Springs and center 
boltssen saree — IL H R 
9-S5. Shock absorbers...) — |L H H R 
9-Tl. Torque rods....... == Oil OHA |OHA |R 
GROUP NO. 10—Fuel and Exhaust.System 
MAINTENANCE SERVICE 
ITEM 
A B (e; D E 
10-Al. Aur eleaner....... — |HO HO HO R 
1O2Bi.) Blower... ..4--..- — |LO HO R R 
10-C1. Crankcase air 
breather and 
connections.....| — |L H H R 
10-C2. Carburetor....... — |AL AH R R 
10-C3. Carburetor con- 
Grolsa.c.: J|T OL OH OH R 
HO=CAS AChoke J). jcrenacr T TL TH AH R 
10-E1. Exhaust and tail 
IDCs oe stanieeee — IL H H H 
10-Fl. Fuel pump (gas- 
OUINE) ee orerer — (|TL EE R R 
10-F2. Fuel pump 
(diesel) vente: — JL H H R 
10-G1. Governor......... — |AL AH R R 
10-G2. Gas tank and fuel 
LICR eae ee es (Fill) |L H H H 
10-G8. Gage, fuel........ L L H H 
10-I1. Injectors......... {At b, TH R R 
10-M1. Mufflers and 
hanger brackets.}| — |L H H H 
10-S1. Strainers (all 
fuel) and fil- 
VISITS ol ene errr — jL H H R 
10-V1. Vacuum tank..... — |TL MeEL TH R 
GROUP NO. 11—Special Equipment 
MAINTENANCE SERVICE 
ITEM 
A B Cc D E 
UEM« [Blew S Salinas Sea — |L H H H 
IWR Reflectors:/). 25 4. Pah, H H H 
GROUP NO. 12—Steering 
MASNTENANCE SERVICE 
ITEM 
A B @ D E 
LZ Ditemeona olinikgase eer. — |OL OAH |R R 
12-S1. Steering arm...... — |L H H R 
12-S2. Steering wheel....) — [|L H H H 
12-88. Steering gear as- 
— |OTL |OTH |OTH |R 


BEMDLYi eee 


(Continued on next page.) 
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GROUP NO. 13—Transmission 


GROUP NO. 14—Propeller Shaft 


MAINTENANCE SERVICE 
ITEM 
A B C D E 
13-C1. Cooler (hy- 
draulic) eae — |L H H R 
13-C2. Countershaft as- 
sembly icieesic — |L H AH R 
13-Gl. Gears (transmis- 
Mision) se... — jL L H R 
13-P1. Power-take-off 
equipment...... — |OL OH OH R 
13-T1. Transmission 
cover and as- 
sembly cc: aicin He — jOL OH OH R 
13-T2. Transmission 
case and bush- 
ing assembly..... — {OL OH OH R 
13-T3. Transmission 
COMELOL AEE eae — |OTL |TOH |TOH |R 
13-T4. Transmission 
cross shaft...... — |OL OH OH R 
13-T5. Turbine (hy- 
ca draulic)bacsa — |OL OH OH R 


Maintenance Instruction 


Cards for Motor Vehicles 


MAINTENANCE SERVICE 
ITEM 
A B € D E 
14-D1. Drive shaft....... — |OL OH OH 
14-H1. Hanger bearing 
and mounting... — |OL OH OH R 
14-U1l. Universal joints..| — |OL OH OH R 
GROUP NO. 15—Wheels, Rims, and Tires 
MAINTENANCE SERVICE 
ITEM 
A B Cc D E 
15 Big eBearin gs se gee a — — |OTL |OAH |R 
1o-H ELubscapearers — iy) {EE R Res 
15-H2. Hubodometer..... = H lal R 
15-R1. -Rims, studs and 
TUS ea eer L H /jH H R 
TEST oR OpId erento — Ler lia! H R 
1b DInGS eta mae eee L TL |TH TH |TH 


SAE Recommended Practice 


Report of SAE-ODT Committee No. 17 approved January 1943. 


[The purpose in formulating a standard method for presenting 
the servicing instructions of motor-vehicle parts, accessories, and 
tool manufacturers is to provide vehicle operators with a uniform 
guide to maintenance and servicing work, combining all operations 
im a single card index for use in the shop. This method will enable 
a mechanic, when drawing from the tool-room material and equip- 
ment for a job, also to draw a card showing exactly how that job 
should be done. Provisions are included for filing data on parts, 
accessories and tools, including the use, adjustment, and care of 
tools, under 16 parts groups, classified by motor-vehicle makes and 
models, with essential information on the vehicles themselves.] 


Standard Practice Instruction Cards 

Size—14 x 18 in. 

Material—A high-grade white tag stock which weighs at least 
111 lb per 500 sheets, 2214 x 2814 in. 

Minimum Size of Type—No type smaller than 12 point to 
be used in any text. 

Grease-Proof Treatment—Instruction cards to be treated with 
lacquer or other suitable finish so as to withstand and accom- 
modate themselves to handling by greasy hands, and so that 
grease can readily be wiped off without impairment of the cards. 

Indexing and Filing Practice Instructions 


1. Vehicle Guide and Index Cards—Vehicle guide and index 
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| MAINTENANCE OF COOLING SYSTEM. | 


PARTS SO SONS _s 


further mformation ox the ication and wse of Standard Prachice 
ptt ‘THE AUTOCAR COMPANY ~ Ardmore Pa, 


STANDARD 
PRACTICE 
INSTRUCTIONS. 


Fig. 1--Inppexine AnD Fitine System ror STANDARD 
Practice INSTRUCTIONS 
Note—It may be desirable to show company identifica- 
tion at the top of the card as well as models to 
which the card applies 


cards will carry the manufacturer’s name on the tab and will 
carry the following numbered index headings across the top of 
the card, as shown in Fig. 1: 


1. Axle Front 
2. Axle Rear 


6. Cooling System 11. Lubrication 
7. Electrical System 12. Steering 


3. Body and Cab _ 8. Engine ; 13. Trans-Power 
Take-Off 

4. Brakes 9. Frame Springs 14. Propeller Shafts 

5. Clutch 10. Fuel System 15. Wheels, Hubs, 
Bearings 


16. Winch-General 


The guide cards will carry the manufacturer’s name in position 
according to the following allocation of the alphabet: 
1st Position—A-B 5th Position—M-N-O-P 
‘2nd Position—C-D-E 6th Position—Q-R-S-T 
3rd Position—F-G-H 7th Position—U-V-W-X-Y-Z 
4th Position—I-J-K-L 

Data on Vehicle Guide Card—The vehicle guide card may be 
used for tabulating data on various models. It may also carry 
an explanation of the standard practice instructions. 

The suggested note on the guide card (see Fig. 1) is purely 
optional but is proposed with the idea of getting the interested 
operator to write the manufacturer and ask how he can use the 
instruction cards to the fullest advantage. 

This offers the manufacturer the opportunity of encouraging 
the operator to set up a definite mechanic training program and 
to bring to the operator’s attention work such as is now being 
carried on by SAE on this same topic—Training of Mechanics. 

2. Index Block at Top of Each Standard Practice Instruction— 
Each standard practice instruction card will carry an index 
block at top of the card, located so that it will register with the 


index item on the guide card to which the instruction applies. 
Thus a card devoted to maintenance of the cooling system (Item 
6 on the index card) would have an index block located in the 
sixth position and similarly numbered. 

3. Identification at Bottom of Card—See Fig..1. Each instruc- 
tion card will carry a legend at bottom described by the following: 

(a) That it is a standard practice instruction conforming to 
the SAE Standard. 

(b) Name and address of the manufacturer who prepared 
the instruction. 

(c) Copyright notice if desired. 

4, Parts and Accessories Guide Card—The parts and accessories 
guide card will carry the samé sixteen index headings used on 
the vehicle guide card. 

Standard practice instructions prepared for direct distribution 
by parts and accessory manufacturers are to be filed according 
to index number back of the main guide card ‘Parts and 
Accessories.” 

If the instruction is distributed indirectly through some 
vehicle manufacturer and applies specifically to the latter’s prod- 
uct, then it would be filed in its index block position back of 
the vehicle manufacturer’s guide card. 

5. Tools Guide Card—The tools guide card will carry the same 
sixteen index headings used on the vehicle guide card. 

Standard practice instructions on the use, adjustment, and 
care of maintenance tools will carry an index block number at 
the top of the instruction which will tie in with the purpose of 
the tool and will be filed back of the general guide card—“‘Tools.”” 
Thus a valve-refacing machine is an engine tool and would be 
indexed with a No. 8 block. Supplementary identification at the 
top of the card could include the name of the article and the 
manufacturer, thus: Hall Valve-Refacing Machine. 
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Motor-Truck CA Dimensions 


SAE Recommended Practice 


Report of Frames Division approved February 1924 and last revised by Motorcoach and Motor Truck Division January 1941. 


Frame Width—The nominal outside width of motor-truck 
frames shall be 34 in. with a maximum tolerance of plus 5¢ in., 
minus 0. 

Frame Length—The CA dimensions (distance from extreme 
back of cab to centerline of rear axle) of four-wheel motor trucks, 
measured with the chassis unloaded, shall be 39, 48, 60, 72, 84, 
96, 108, 120, 132, 144, and 156 in. The tolerance on the CA di- 
mensions shall be plus 1 in., minus 0, to avoid possible inter- 
ference between the cab and the body. 


Truck-Tractor 
Trailer Clearances 


The CA dimension of six-wheel motor trucks shall be the © 
same as those for four-wheel trucks and shall be measured from 
the extreme back of cab to a line midway between the two rear 
axles, expressed as a hyphénated figure, the first unit of which 
shall be the standard CA dimension as above defined. The 
second unit shall be the distance between the two rear axles 
and is to be given by the vehicle manufacturer as information 
only. 


a 
SAE General Information 


Report of Motorcoach and Motor Truck Technical Committee approved January 1949. 


TABLE 1—F7fth-Wheel Location and Tabulation Values 


D, DISTANCE OF FIFTH WHEEL FORWARD OF REAR AXLE, IN, (NEAREST 4 IN.) 
TIRE SIZE 
4 5 6 7 8 9 10 ll 12 13 14 15 16 17 18 19 20 

7.50/20 5414 | 5434 | 55 5514 | 56 5646 | 57 5734 | 5814 | 5834 | 5914 | 60 6046 | 61 6134 | 6214) 63 

8.25/20 5446 | 55 55146 | 56 5614 | 57 5714 | 58 5814 | 59 5934 | 6014 | 61 6114 | 62 6234 | 6314 

9.00/20 56 5644 | 5634 | 5714 | 5734 | 5844 | 59 59146 | 60 6014 | 6114 | 6134 | 6214 | 63 6314 | 6414 | 6434 
10.00/20 57 5714 | 58 5814 | 59 59146 | 60 6014 | 61 6114 | 6214 | 6234 | 6314 | 64 6434 | 6514 | 66 
10.00/22 571% | 58 5834 | 59 5914 | 60 6014 | 61 6144 | 6214 | 6234 | 6316 | 64 6434 | 6514 | 66 6614 
10.00/24 58 5814 | 59 5914 | 60 6014 | 61 6144 | 6214 | 6234 | 6314 | 64 6434 | 6514 | 66 6614 | 6734 
11.00/20 5714 | 5734 | 5814 | 5834 | 5914 | 5934 | 6014 | 61 6114 | 62 6216 | 63834 | 6834 | 6414 | 65 6534 | 6614 
11.00/22 5734 | 5814 | 5834 | 5914 | 5934 | 6014 | 61 6114 | 62 6214 | 6314 | 6334 | 6414 | 65 6534 | 6614 | 67 
11.00/24 5814 | 5834 | 5914 | 5934 | 6014 | 61 6114 | 62 6214 | 6314 | 6334 | 6414 | 65 6534 | 6644 | 67 6734 
12.00/20 6034 | 6034 | 6114 | 6134 | 6214 | 6234 | 6314 | 6334 | 6444 | 65 =| 6514 | 66 6634 | 6744 | 6734 | 6814 | 6914 
12.00/24 6144 | 6134 | 6214 | 6234 | 63814 | 6334 | 6444 | 65 6514 | 66 6634 | 6744 | 6734 | 6814 | 6914 | 6934 | 7014 


Tabulation 
fone 


Fic. 1—Trucx-Tractor TRAILER CLEARANCES 


Tabulation =./(D+R)2?+B:+C £Cmin = Bin. 
Note—In positioning the fifth wheel in relation to the rear axle, 
care must be exercised to see that the trailer landing gear (if 
provided) is located so that there is no danger of the trailer 
tipping during loading and unloading operations 


TABLE 2—Truck-Tractor Widths Over Tires 


TRUCK-TRACTOR 


mae size | TROD enn | OVERADL | cp By I 
7.50/20 | 37 18.5 92 46 
8.25/20 | 38.3 19.15 92 46 
9.00/20 | 40.5 20.25 04 47 
10.00/20 | 41.4 20.70 96 48 
10.00/22 | 48.4 21.70 96 48 
10.00/24 45.4 22.70 96 48 
11.00/20 | 42.7 21.35 96 48 
11.00/22 44.7 22.35 96 48 
11.00/24 | 46.7 23.35 96 48 
12.00/20 | 44.2 | 221 102 51 
12.00/24 | 48.2 24.1 102 51 


pani s < 
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Propeller-Shaft 
Midship Mounting 


SAE Recommended Practice 


Report of Motor Truck Division approved January 1927 and last revised January 1941. 


[This SAH Recommended Practice applies to propeller-shaft 
midship mountings for motor trucks and motorcoaches.| 


The type of housing shown in Fig. 1 is recommended as a 
satisfactory design but is not a part of the standard. No slip- 
joint in the forward section of the shaft is required as clearance 
is provided in the housing for the bearing and shaft to slide 
longitudinally. Where a slip-joint is used, the housing should 


Full Depth of 
Ke oe 


CL 
eke 


an | 
LY, Li 


Fig. 1—PRoOPELLER-SHAFT pene MountTIne 


SAE Japer 
per foot 
15"4 0.005" 


Rating of Side-Opening 


Power Take-Offs 


be designed according to requirements. The shafts and bearings 
recommended are considered adequate for all usual installations. 
Where heavier duty may require larger bearings, the shaft 
dimensions should be determined by the manufacturer and the 
purchaser. 

A splined shaft end is optional, and when used, the bearing 
locknut may be omitted. 


TABLE 1—Three-Joint Propeller-Shaft Midship Mounting 


Tube diameter, A, in.....| 2 2 214 24 3 

B, +0.005, —Oin......... 1.6870) 1.8750) 2.1250) 2.3750) 2.5620 
(CARIN eee ore heen aro 1.3780) 1.5748) 1.7717) 1.9685) 2.1654 
CATON CoO Ae eee te cor 1.3772} 1.5740) 1.7709} 1.9677) 2.1646 
1D SOs =O Wh. sess. 1.3740} 1.4990) 1.6240) 1.8740| 2.1240 
Jf iyetra ee RS. aha, cake ene 13g-18] 114-18) 15¢--16] 174-16] 244-16 
SAE taper shaft end, F..| 144 134 1 134 2 
GAN ener ae eee ee a 154 134 1% 2 24 

Jal, Wes, cp. eae ee eee 1%, 2765 594 1 1564 
JESUS, 3 Sie eine ee ae 1%, | 1446 | 12846 | 14546 | 2%6 

IP RATI tone taucteostekerke reps a) = Ue VAs 46 %6 WAG 
IB@aringe NOt .ce< pease 307 308 309 310 311 


* The oil retainer rings should be adjusted for minimum clearance after the hous- 
ing and shaft are assembled in the chassis. 


SAE Standard 


Report of Transportation and Maintenance Technical Committee approved November 1948. 


Using 1500 hr as the average life expectancy of a side-opening 
power take-off, the manufacturer shall rate the unit in terms of 
horsepower at 500, 1000, and 1500 rpm of the power-take-off 
output shaft. 


For intermittent service the manufacturer shall rate the unit 


in terms of maximum torque (in.-lb) at either 500 or 1000 rpm 


of the power-take-off output shaft. 
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Fifth-Wheel Kingpin SAE Standard 


Report of Motorcoach and Motor Truck Division approved January 1940. 


Fifth Wheel 


ie eg 
[This SAE Standard applies to fifth-wheel kingpins for com- 
mercial trailers and semi-tratlers.| 


J 
=e % 


"+0015" 
End View (bottom) eS aS 


Fig. 1—Firra-WHEEL KINGPIN 


Semi-Trailer Brake- 
Connection Locations SAE Recommended Practice 


Report of Motorcoach and Motor Truck Technical Committee approved September 1948. 


Manual Type—Truck-Tractor Fittings—Fittings for connect- Semi-Trailer Fittings—Fittings for connecting the operating 
ing the coupling hose shall be located approximately 3 in. back hoses shall be located at the forward end of the semi-trailer and 
of the cab and in any convenient location above the frame level. approximately 4 to 8 in. on each side of the centerline of the 
They should preferably be located from 4 to 8 in. on each side trailer. Air-hose connections should be equipped with hose- 
of the centerline of the chassis. See Figs. 1 and 2. coupling set, Fig. 8, and vacuum brakes should have hose- 
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Fig. 1—Arr Firrincs on (A) Truck Tracror Fig. 2—Vacuum Firrines on Truck Tractor (VERTICAL 
AND (B) Sem1-TRAILER Position SHown, OTHER PosItTION OPTIONAL) 


SEMI-TRAILER BRAKE-CONNECTION LOCATIONS 775 


PT 


g 
i= 
ZEEE 


Fie. 3—Arr-Hoser CoupLine 


coupling set, Fig. 4, to insure interchangeability between various 
truck tractors and trailers. 

(Note—Care should be exercised in calculating hose lengths 
so that the hose equipment of the truck tractor will be of suffi- 
cient length to operate with manual or automatic trailer in the 
event that center distances of the fittings exceed the 8-in. dimen- 
sion on either side of the centerline, Fig. 5, of the semi-trailer.) 

Semi-Trailer Electrical Connection Location—Truck-tractor 
connections should be mounted on the centerline of the chassis 
behind the cab, approximately between the hose connections. 

Semi-trailer connections should be mounted on the centerline 
of the trailer at the forward end, approximately between the 
hose connections. 

(Note—The location of the electrical connection in line hori- 
zontally with the hose connections will permit the operator to 
strap electrical cable to one or the other of the hose connections 
to prevent fouling when disconnected.) 


Side-Mounted Gasoline Tanks 


Diam. to Seal (When Clamped) on Inside Diam. of 
¥a"TD Vacuum Hose for Constant Vacuum Line 


ey Bal! to 5% 12: iss Taper per Foot 
ngage Groove incl. Angle 
SP Member g s 


px 
ies 
g 
Approx. Diam.*Y¥4 


Synthetic Sea/ Contained 
within Female Member 
Fig. 4—Vacuum-Hose Courtine 


Fic. 5—Location oF Brake Hose AND ELECTRICAL CONNECTIONS 


SAE Recommended Practice 


Report of Motorcoach and Motor Truck Technical Committee approved April 1947 and last revised March 1949. 


[This SAE Recommended Practice applies to side-mounted 
gasoline tanks on truck tractors.] 


Construction—(Note—Some acceptable means of meeting these 
specifications are given in italics immediately following the 
applicable item. These suggestions are for information only.) 

1. Materials used in the construction of the tank and its 
fittings, the methods or processes of joining metals, the assembly 


of fittings to the tank, and the threads in fittings shall be suitable 
for the purpose intended. 

(Except as otherwise specifically provided, joints should be made 
by arc, gas, seam, or spot welding, brazing or silver soldering. 

Flanges or spuds should be provided for the assembly of all 
jitings to the tank. 

Threads in fittings, except the fill-pipe cap, should be American 
(National) Standard Taper Pipe Thread or SAE Standard Short 
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Dryseal Taper Pipe Thread. There should be not less than four 
full threads in engagement in any fitting.) 

2. Drain or other fittings applied to the bottom of the tank 
shall be designed and applied in such a manner as to guard 
against their being torn loose and shall permit complete draining. 
The tank drain shall be of adequate size. 

(Fittings applied to bottom of tank should not extend more than 
34 in. below the lowest part of the tank. Minimum drain plug size 
should be 3é-in. pipe thread.) 

3. The fitting through which gasoline is fed or drawn from the 
tank shall have its exit from the top part of the tank above the 
full line of the tank. 

4. When pressure means are provided to force the flow of 
gasoline from the gasoline tank, means shall also be provided 
to prevent continuous flow of gasoline from the tank in the event 
of a ruptured gasoline feed line. 

5. The fill pipe shall be designed and located to minimize the 
probability of being torn loose. Design of pipe and vents shall 
permit filling the tank with normal gasoline at the rate of not 
less than 20 gal per min without spillage. 

6. The air intake vent shall be of the nonspill type. It may 
be mounted separately or combined with the filler cap or safety 
vent. 

(The air intake vent should be a ball check or equivalent.) 

7. The tank shall be provided with a safety vent or vents 
which shall limit the rise in pressure in the tank under any fire 
condition to a maximum of 50 psi. The vent area shall be suffi- 
cient to prevent a rise in pressure in the tank with a sustained 


fire of any magnitude of more than 10% of the release pressure . 


of the safety vent or vents. If one safety vent is furnished, it 
shall be located at the top of the tank. 
(Safety vents should be of the fusible type.) 


Tank Capacity 


8. Liquid capacity of the tank shall be limited to a maximum 
of not more than 95% of its total volume. 


Tank Markings 


9. Each tank shall be marked to identify its manufacturer 
and to indicate the approximate date of its manufacture by 
date, lot number, or other means. 


Installation 


10. The tank shall be mounted in accordance with the best 
commercial practice. 

11. The fill pipe shall be outisde the cab or body and must be 
so located as to minimize the likelihood of spillage of gasoline on 
the exhaust piping, muffler, or battery during the filling process. 


12. Gravity or siphon feed to carburetor shall not be used. 

13. The feed line shall not be arranged to draw gasoline from 
two or more tanks simultaneously. A selector control valve 
shall be furnished when more than one tank is used. The selector 
control valve must be installed so that either (a) it is in normal 
reach of the driver so that he can operate it without taking his 
eyes from the road or departing from his-customary driving posi- 
tion or (b) so that the driver must stop the vehicle and leave 
his seat to operate the valve. 


Tests 


14. The tank, when filled with water equal in weight to that 
of its gasoline capacity, shall withstand without leakage a drop 
from a clear height of 30 ft, falling so as to strike squarely on one 
corner on concrete or equal surface. The concrete or equal surface 
shall not rupture under the impact. The fill pipe and cap, gasoline 
gage sending device, and the air intake and safety vents shall 
not leak more than 1 oz per min as a result of this test. 

15. The fill pipe and tank must.withstand without leakage a 
drop from a clear height of 10 ft, falling so as to strike squarely 
on the fill pipe on a concrete or equal surface. The concrete or 
equal surface shall not rupture under the impact. The tank shall 
contain water equal in weight to its gasoline capacity during this 
test. The fill cap shall not leak more than 1 oz per min after this 
test. 

16. Spillage or gasoline leakage shall not be at a rate greater 
than 1 oz per min with the full tank within 30 deg of inverted 
position at room temperature. The fill pipe, cap, gasoline gage, 
air intake vent, and safety vents shall withstand this test. Outlet 
pipe is to be plugged for the test. 

17. The safety vent, or vents, shall limit the rise in internal 
pressure in the tank to a maximum of 50 psi when the tank is 
subjected to the following fire conditions. 

(a) Tank filled to three quarters of rated capacity with stand- 
ard gasoline and placed in inverted position, with the gasoline- 
feed-outlet connection plugged. 

(b) An enveloping flame applied to the tank with sufficient 
intensity to produce an internal gasoline temperature rise of at 
least 6 F per min starting from a gasoline temperature of 50 to 
80 F. This test shall continue until a release in pressure results 
from operation of the safety vent or vents. 

18. The tank, fill-pipe cap (except for destroyed vents), gasoline 
gage, and air intake vent shall not leak more than 1 oz per min 
as a result of the test prescribed in item 17. 

19. The tank and all appurtenances including fill pipe, cap, 
gasoline gage, and air intake vent shall withstand an internal 
hydrostatic pressure without rupture of 150% of the maximum 
pressure at which the safety vent releases in the fire test. 
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Spark Arresters 


for Internal-Combustion Engines 


SAE Standard 


Report of Tractor Technical Committee approved January 1951. ° 


Scope—This specification covers the efficiency and endurance 
life of spark arresters used on internal-combustion engines, the 
purpose being to prevent the emission of flowing carbon particles 
of a sufficiently large size to ignite combustible material of the 
nature found in forests, grain fields, and grass fields. It does not 
cover applications requiring flame arresting, exhaust-gas cooling, 
and isolation from explosive gases. 

Test Procedure—Of necessity and for the sake of uniformity 
the test procedure requires the use of synthetic particles in- 
jected into the exhaust system during the efficiency deter- 
mination. However, the endurance life shall be determined by 
actual field performance. The following procedure applies to the 
laboratory determination of arrester efficiency. 

Apparatus—The apparatus shall consist of an internal-com- 
bustion engine (coupled to a dynamometer), spark arrester, 
and positive trap. The arrester shall be mounted as intended to 
operate on the engine and discharge into the positive trap in the 
manner shown in Fig. 1. Specifications for the trap are also 
shown in Fig. 1. It shall be cleaned before each test run. 


28 MESH SCREEN 
(0.0232 OPENING, 


3 SUPPORT HOOKS 0.0125 WIRE DIA) 


EQUALLY SPACED 


MEASURE BACK PRESSURE 
HERE, 2DIA.A AHEAD OF 
ARRESTER 


INJECT CARBON 
PARTICLES HERE 
COMPRESSED AIR 
PLUNGER-TYPE FEEDER 


DOTTED OUTLINE FOR—. 
ALTERNATE’ ARRANGEMENT 


Fie. 1—Sparxk-Arrester Test APPARATUS 


Test Samples—The test samples shall be a carbonaceous 
material known as ‘Tando” or an_equivalent carbonaceous 
material having a density of 40 lb per cu ft. It shall be graded to 
the following sizes and desiccated immediately prior to the test. 
(A variation of +2% is allowed in grading of the samples.) 


Test sample A (hereafter known as small carbon) is that which 
passes a 14 mesh Tyler screen (0.046 opening, 0.25 diameter 
wire) and is retained by a 28 mesh Tyler screen (0.0232 opening, 
0.0125 diameter wire). 

Test sample B (hereafter known as large carbon) is that which 
passes an 8 mesh Tyler screen (0.093 opening, 0.032 diameter 
wire) and is retained by a 14 mesh Tyler screen. 

Injecting Mechanism—The test samples may be injected by 
any type of feeder which does not crush or grind the material. 
It shall be located as shown in Fig. 1. 

Engine Loads and Speeds—The test shall be conducted at 
two engine operating conditions as specified in this Standard 
in order to insure the acceptability of the arrester over the entire 
operating range. A sufficient number of tests (a minimum of 
two) shall be made with each test sample and at each condition 
of engine operation in order to obtain a reliable average. Engine 
conditions which influence either the volume or temperature of 
the exhaust gases, such as load, speed, and water temperature, 
shall be stabilized before each test by at least 15 min running at 
the specified test conditions immediately prior to injecting the 
desiccated test sample. 

Details of Test—Hngine Size—-The engine shall be of a proper 
size for the arrester under test. The spark-arrester manufacturer 
shall specify the engine size range for which the arrester is suit- 
able. 

Installation—Leaks and drain holes shall be closed during test 
and subsequent operation. Provisions shall be made for measur- 
ing the back pressure created by the arrester according to Fig. 1. 

Engine Operating Conditions—The arrester shall be tested 
at the two specified engine operating conditions listed below 
for each particular application for which approval is desired. 
Unqualified approval of the arrester requires a successful test 
for the three applications listed as follows: 

Trucks: (a) 80% rated net load at rated speed. 

(b) 50% attainable load at one-half rated speed. 

Diesel Engine Powered Tractors: (a) 100% rated load at 

rated speed. 
(b) no load at low idle speed. 

Gasoline Engine Powered, Tractors: (a) 100% rated load at 

rated speed. 
(b) no load at governed 
high idle speed. 

Other Mobile Equipment: Use load conditions specified for 
tractors. 

A typical engine performance curve is shown in Fig. 2 to 
illustrate the above specified loading conditions. 

Weight of Test Sample—Duplicate tests shall be made with 
each grade of “Tando” (small carbon and large carbon), each 
test using the sample weight specified as follows. 

1. Engines up to 1000-cu in. displacement—specified minimum 
of 100 g. 


(Continued on next page.) 
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2. Engines above 1000-cu in. displacement—specified minimum _ 


increased on a sliding scale according to formula: 


Displacement xX 100 


Weight (grams) = 7000 


Duration of Test—The test samples shall be injected into the 
exhaust gases at a uniform rate, the rate being adjusted to 
correspond with the time intervals suggested in Table 1. 


TABLE 1—Time Intervals in Minutes for Sample Injection 


ENGINE DISPLACEMENT, CU IN. INJECTION PERIOD 


0-200 20 
200-400 15 
400-800 10 
800 and up 5 


The suggested injection periods are further modified by the 
requirement that the minimum and maximum periods be 5 and 
20 min respectively. 

Determination of Results—Upon completion of each test run, 
the contents of the positive trap shall be removed and screened 
successively on 14 mesh and 28 mesh Tyler screens. The weights 
shall be measured and recorded as follows: 


Weight of large carbon = weight retained on 14 mesh screen. 
Weight of small carbon = sum of weights retained on each screen. 


The above weights are used to determine the arrester’s effi- 
ciency. 
Examination of each arrester shall be made to determine 


whether or not the condition of the internal elements can be 
visually inspected without destroying the usefulness of the 
arrester. 

Qualifications for Approval—Acceptability and approval of 
the arrester requires the following test results: 

Efficiency Requirements 

1. Contents of trap shall contain no large carbon. 

2. Contents of trap shall contain no small carbon in excess of 
10% of the weight of the original sample. 

3. The efficiency shall remain equal to the above standards 
for the periods listed under Service and Life Requirements. 

Service and Life Requirements 

1. The arrester must be easily cleaned of the accumulated 
particles (if cleaning is necessary). 


2. A minimum endurance life of 1000 hr is acceptable if visual 


inspection can readily determine the condition of the internal 
elements of the arrester. 

3. A- minimum endurance life equal to life of the engine is 
required if visual inspection of the internal elements is not 
possible. ie ae 

Back Pressure Created by Arrester—At no time during the life 
of the arrester shall it create sufficiently great back pressure to 
affect adversely the life and performance of the engine. The 
maximum permissible back pressure is to be specified by the 
engine manufacturer. 

Notes to Designer, User, and Testing Personnel—For best 
operation of any spark arrester, the outlet should be directed 
upward. This permits the longest possible cooling period for 
any glowing particles which might escape the arrester. 

It shall be the responsibility of the user to clean the arrester 
(if necessary) and to replace it as soon as visual inspection 
denotes deterioration of the internal elements. 

The efficiency determination test of any spark arrester will 
require a minimum of eight test runs. For example, if approval 
is desired for Diesel-engine-powered tractor applications, the 
test runs given in Table 2 are necessary. 


TABLE 2—Example Procedure for Diesel-Engine 
Tractor Applications 


RUN NUMBER TEST SAMPLE ENGINE LOADING CONDITION 
Lee a eee Small carbon |100% rated load at rated speed 
2 (repeat of No. 1) 

Suk SSeS A ee aie Small carbon |No load at low idle speed 

4 (repeat of No. 8) 

bi eee Large carbon|100% rated load at rated speed 
6 (repeat of No. 5) 

ToS carton hc ee Large carbon|No load at low idle speed 

8 (repeat of No. 7) 


Unqualified approval for all of the applications (listed under 
Details of Test, Engine Operating Conditions) therefore requires 
a minimum of 24 test runs. 
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Tractor Test Code 


SAE Recommended Practice 


Report of Tractor and Equipment Division approved January 1937 and last revised by Tractor Technical Committee October 1948. 


General Instructions—It is suggested that tests be conducted 
on the tractor to illustrate its performance when used as a source 
of belt power and also as a draft vehicle. Sufficient data should 
be observed under specific tests to permit a presentation of belt 
horsepower and fuel consumption as related to engine speed and 
also drawbar horsepower and draft in pounds pull for each gear 
of the vehicle. 

Glossary of Terms and Formulas 
Time Interval, A = duration of test run in minutes. 
Dynamometer Beam Load, L = scale load on dynamometer 

beam in pounds. 

Absorbed Torque, 7 = Lx dynamometer torque-arm constant 
in ft = torque in lb-ft measured by the 
dynamometer during belt test. 

Belt Pulley Crown Diameter, D = maximum diameter of the 

tractor driving pulley. 

Dynamometer Pulley Crown Diameter, 

d = maximum diameter of the dynamometer-driven pulley. 
Belt Horsepower, 


BLHp = N@*? 


5001 developed belt horsepower of tractor at 


a given engine rpm N when driving the 
dynamometer pulley at Nd rpm. 
Per Cent Belt Slip, 


ae 100| Nd(d + ee | 


a = slip of flat | 
Nbl(D + 14w) slip of flat leather belt of 


w in, thickness while be- 
ing driven at an average 

' speed of the tractor pulley 

of Nib rpm, and ‘driving 
dynamometer pulley at 
Nd rpm. 

Correction Factor, f = power-output correction for barometric 
pressure, atmospheric temperature, or 
humidity of air. (Refer to the SAE 
Standard on Engine Test Codes.) 

Drawhbar Pull, P = average recorded tractor pull in pounds over 

the test course. 


IP 
Drawbar Horsepower, Db Hp = Bey = horsepower developed 


375 by tractor when ex- 
erting P lb pull at V 
mph during test. 


Wheel Slip (or Travel Reduction), 


aoe | Se ee 


R = per cent slippage of driving 
w 


wheels or tracks, where Rw is 
total drive-wheel revolution 
count to traverse the test course 
under load and’ Rwo is drive- 
wheel revolution count to trav- 
erse the same course under no 
load (as under Driving-Wheel 
Slippage). 


: ; : Be ; 
Vehicle Traction Coefficient, C = — = ratio of tractor drawbar 
pull to gross tractor 


weight W. 


Test Conditions—Limber-Up—Before recording of test data, 
it is suggested that each new tractor be given a limber-up run 
to remove stiffness, to check its condition, and to see that all 
parts are working normally. Duration of run is optional. It is 
recommended that each gear be used for some portion of the 
test. 

Adjustments should be made at this time, such as setting 
valve-tappet clearance and gaps of breaker or spark-plug points, 
adjusting the clutch, governor, and manifold heat control. 

Conduct of Tests—Upon completion of the limber-up run, only 
adjustments described in literature normally delivered with the 
equipment are to be made to the tractor, except as required for 
actual changes of speed and load. Complete recording of all ac- 
cessories, equipment, weight, and tire, wheel, or lug equipment 
should be made. 

Before recording test data, the tractor should be brought to a 
condition of stable, sustained operation under conditions of the 
run. It is imperative that speeds, loads, slippage, cooling-water 
temperature, air temperature, and temperature of oil to bearings 
remain substantially constant. Air temperatures shall be taken 
at a suitable location. 

Instrumentation—Fuel Consumption shall be determined with 
scales, flowmeters, or equivalent equipment to an accuracy of 
plus or minus 1%. 

Belt Performance Data are to be recorded by an electric dy- 
namometer, prony brake, or similar power-measuring device 
coupled through a flat belt with the belt drive of the tractor. 

The Belt Dynamometer should be properly balanced and cali- 
brated before tests, and belt slippage shall be kept below 1.5%. 

Draft Data shall preferably be taken by means of an hydraulic- 
cylinder instrument, the Gulley traction dynamometer being 
considered a desirable example of this type. The entire drawbar 
pull of the tractor under test is to be exerted either directly or 
by means of a suitable linkage in proportionate amount through 
the hydraulic cylinder to the trailing load, the pressure devel- 
oped in the cylinder being transferred to an automatic recording 
device to present a continuous draft line over periods during 
which draft data are being secured. An hydraulic diaphragm 
with recording pressuregraph or strain gauge with recording 
oscillograph may also be used to record this data. 

Engine-Crankshaft Speed is to be recorded by means of a 
positively driven counting mechanism of mechanical or elec- 
trical interruption design. 

Drive-W heel Revolutions shall be recorded by a counting mecha- 
nism of mechanical or electrical interruption design, actuated 
through positive drive from all drive wheels. (An engine revolu- 
tion counter may be used for this purpose if no slippage is pos- 
sible between the crankshaft and drive wheels.) 

Testing Course—The testing course for drawbar work shall be 
a level, well-drained surface. It is recommended that the test 
runway shall be not less than 500 ft long in a straight course 
over which the data are to be taken. A reasonable length of ap- 
proach should be maintained leading to the test runway to per- 
mit stabilization of test conditions before recording as specified 
in Conduct of Tests. (Test data for comparative purposes shall 
not be taken when track condition due to moisture content, dust, 
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frost, or other conditions is such that reliable or reproducible 
data cannot be secured.) 

Driving- Wheel Slippage—Tractor driving-wheel slippage shall 
be determined by relation of total wheel-revolution count (as 
under Instrumentation) under no load and under load in the 
same gear. The tractor driving-wheel count with no load is to 
be obtained in each gear with no drawbar load and with engine 
throttled down to its lowest definitely uniform running per- 


Agricultural Tractor Drawbars 


formance (to avoid any erratic slippage of lugs which may result 
from erratic engine operation or forward creep due to inertia 
effects) over the entire test runway. The tractor driving-wheel 
count under load is to be recorded during normal draft per- 
formance runs over the same length of runway. Wheel weight 
should be installed for the no-load run the same as for the run 
under load. ; 


SAE Standard 


Report of Agricultural Power Equipment Division approved July 1923 and last revised by Tractor Technical Committee January 1946. This 
Standard conforms with a corresponding standard published by the American Society of Agricultural Engineers. 


[Fig. 1 and the recommendations contained in the paragraphs re- 
ferring to the figure are intended to simplify the problem of con- 
necting the power take-off of a driven machine to that of a tractor. 
When these recommendations are incorporated in the design of 
power take-off drives, any power take-off drwen machine can be 
quickly connected to any make of tractor without the necessity of 
supplying special equipment.] 


The diameter of the hitch hole at the end of the tractor draw- 
bar shall be not less than 13%, in.; and in addition, an 114g in. 


hole shall be provided in the ae 4 in. ahead of the hitch | 


hole. The material in the tractor drawbar shall clear an imple- 
ment clevis (8 in. wide and having a 8 in. throat clearance) 
through a 90 deg swing right or left of the tractor-drawbar center 
line. The tractor drawbar shall be strong enough to carry a 500 
Ib vertical load at the hitch point. 

The horizontal distance B (Fig. 1) between the hitch point on 
the tractor drawbar and the rear-most point on the standard 


es 


size rubber tire, steel wheel rim lug, or fender of the tractor 
shall be not less than-4 in. 

The vertical distance C from the ground line to the top of the 
drawbar at the hitch point shall be from 12 in. to 15 in., the 
15 in. distance being the recommended dimension. 

The horizontal distance A between the hitch point on the 
tractor drawbar and the end of the splined shaft of the power 
take-off shall be 14 in., and the hitch point shall be directly in 
line with the centerline of the power take-off shaft. 

The vertical distance D between the top of the drawbar at 
the hitch point and the centerline of the power take-off splined 
shaft shall be not less than 6 in. nor more than 15 in., 8 in. be- 
ing the recommended dimension. 

The location of the tractor power take-off shaft shall be within 
the limits of 3 in. to the right or left of the center line of the 
tractor. The center line of the power take-off shaft is the recom- 
mended location. The weight imposed by the drawn machine or 
implement on the tractor drawbar at the hitch point shall not 
exceed 500 lb. 


Type t Type 2 
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Tractor and Implement 


Dise Wheels 


781 


SAE Recommended Practice 


Report of Tractor Technical Committee approved January 1949 and last revised March 1950. 


Included in this recommendation are: 

1. Wheel diameter of 16 in. with 214-in. offset, in two weights 
and three rim sizes—a total of four combinations. 

2. Wheel diameter of 16 in. with 11-in. offset, in two weights 
and four rim sizes—a total of five combinations. 

3. Wheel diameter of 15 in. with 14¢-in. offset, in one weight 
and one rim size—one combination. 

4. Wheel diameter of 12 in. with 114-in. offset, in one weight 
and one rim size—one combination, to take 5.00 x 12, 2-ply or 
4.00 x 12, 4-ply tires. 

Table 1 gives rim size, maximum tire size, and maximum load 
for 16-, 15-, and 12-in. diameter wheels. 

Features Common to 15- and 16-In. Diameter Wheels—Discs 
are designed for reversible mounting on hub. The maximum 
diameter of the hub pilot is 4.625 in. (reference dimension). 


Six holes for 14-in. hub-attaching bolts, 90 deg countersunk 
on both sides for reversibility, are provided. (These holes will 
accommodate a cone-head capscrew or stud with cone nut.) 

The attaching bolt-circle diameter is 6.005-5.995 in. The 
maximum diameter of the hub flange is 714 in. (reference di- 
mension). 

Disc is stamped “L” or “H”’, indicating light or heavy series, 
in vicinity of the valve hole, with letters of a minimum height 
of 3g in. Embossing of dise for ““L” or ““H” stamp is optional. 
Dises will not carry implement manufacturer’s stamped brand. 

Interchangeability is provided between 15- and 16-in. agri- 
cultural implement wheels and tractor wheels. 

16-In. Diameter, 214-In. Convex Offset Disc Wheels—The 
16-in. diameter, 214-in. offset wheel, with valve opening in rim 
toward convex side, is provided with six clearance holes for 


RIM MAX. TIRE MAX. LOAD 
: 6X 400E 600 X16 6 PLY 1520 
oe SERES-| I6X 450E 650 X16 6PLY 1740 
; 16X 450£ 650 X16 8 PLY 2120 
16 HEAVY SERES -| 16X 600F 7.50 X16 8 PLY 2500 


LINE WITH SPOKE AND 
BOLT HOLE 


OFFSET 
REVERSIBLE 


BOLT 
CIRCLE 


“MAX DIA 
HUB PILOT 
DIA 


7 MAX DIA HUB FLANGE 
2625 
6.005” 
5995” 


SECTION A-A-A-A 


¢ OF VALVE HOLE ON RADIAL 


A STAMP LETTER “LOR 'H” 
§ HIGH IN VICINITY OF 
VALVE HOLE 


POCKET|OPTIONAL 


CLEARANCE HOLES 
FOR 5 BOLTS TO ATTACH 


A EXTENSION WHEEL 
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TABLE 1—Rim Size, Tire Size, and Load for Tractor 14-in. bolts to attach extension wheel. These holes are on the 
and Implement Disc Wheels same bolt circle and equally spaced between the countersunk 
pias: | vecpn pbk ect bee ete hub-attaching bolt holes as shown in Fig. 1. 
Po niieaate) <P ene oP oe SIZE ee The valve hole, the disc spoke, the ‘“L” or “H” identification 
stamp, and one of the countersunk holes for hub-attaching bolts 
16 | 234 | Light(L) | 16x4.00E | 6.00 x 16, 6-ply | 1520 are on a common radial centerline. 
16 x 4.50E | 6.50 x 16, 6-ply | 1740 16-In. Diameter, 1!4-In. Convex Offset Disc Wheel—The 16-in. 
2 Ee ee Ee are wien ia trea: diameter, 14-in. offset disc is provided with four holes for 14-in. 
16 | 234 | Heavy(H) | 16x 4.50E | 6.50 x 16, 8-ply | 2120 carriage bolts for attaching wheel weights. These holes are 
1G 5 8, O0P flere ct Coe eile ta located in embossments in a plane at 90 deg to axle centerline 
16 112 | Light.) 16 x 4.00E | 6.00 x 16, 6-ply | 1520 and are equally spaced ona 1014-in. diameter circle. 
16x 4.50E| 6.50 x 16, 6-ply | 1740 The valve opens in rim toward the convex side. The valve 
hole is located midway between two of the weight holes. One 
16 1% | Heavy(H) | 16x4.50E | 6.50 x 16, 8-ply | 2120 weight hole is on common radial centerline with hub-attaching 
16 x 5.50F | 7.50 x 16, 8-ply | 2500 bolt hole as shown in Fig. 2. 
16 x 6.00F | 7.50 x 16, 8-ply | 2500 No fixed axial relation is required between the embossments 
ate. =o 2 ae for the weight-attaching bolts and the rim centerline or disc 
15 11g | Light(L) 15 x3.00D| 5.00 x15, 4-ply | 910 bifsct. 
(ears | ere (awe Uae aan 15-In. Diameter, 11¢-In. Convex Offset Disc Wheels—The 
Bi esiealcany Tags Ta) aaa 001) | ARO see ae aie! {54m diameter “T3gan. olfeet ‘disc is provided withitra nanan 
Bs RIM MAX TIRE MAX LOAD 
" ~) N68 X% 400E 6.00 X 16 6 PLY 1520 
Ce IGX450E 650 X16 6PLY 1740 
16 X 4.50E 6.50 X16 8 PLY 2120 
16" HEAVY SERIES { 16 X 5.50F 7.50 X16 8 PLY 2500 
16 X 6.00F 750 X16 8 PLY 2500 


MAX DIA HUB FLANGE 


" 
| 


4 


REFERENCE DIM——] 


RIM MAX. TIRE 


15’ LIGHT SERIES 


— 


SS 3a> STAMP LETTER “L'OR"H" 
GLEE R°HIGH IN VIGINITY 0 a ieee 
< Ep VAIVE HOLE Bie AS SHOWN 
es Z 
fe ae Se 
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15X300D 500X15-4 PLY 


3 , 


| i TS 
Sse pe 


pero FOUR SQUARE HOLES 
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910 
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RIM MAX_ TIRE 


12" LIGHT SERIES - { 12 X 3.00D 
Y, 


a- if SQ HOLES 
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OFFSET 
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\ 
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4,495 


Tu 
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S00 212-2 PLY 
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NN 
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, ae 


Gane 
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SCALLOPED-TYPE 
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Fig. 3—12-In. Diameter, 1)4-In. Orrser Disc WHEEL 


for }4-in. carriage bolts for attaching wheel weights. These holes 
are located in embossments in a plane at 90 deg to axle center- 
line and are equally spaced on a 10}4-in. diameter circle. 

The valve hole opens in rim toward the convex side. The valve 
hole is located midway between two of the weight holes. One 
weight hole is on common radial centerline with hub-attaching 
bolt hole as shown in Fig. 2. 

No fixed axial relation is required between the embossments 
for the weight-attaching bolts and the rim centerline or disc 
offset. 

Features standardized in the 15-in. disc design permit use of 

~ common wheel weights for both the 15- and 16-in. disc wheels 
with 11¢-in. offset. 


12-In. Diameter, 114-In. Offset Disc Wheels—The disc is de- 
signed for reversible mounting. The maximum diameter of hub 
pilot is 3.125 in. (reference dimension). 


Five holes for 7¢-in. hub-attaching bolts, 75 deg countersunk 
on both sides for reversibility, are provided. (These holes will 
accommodate a cone-head capscrew or stud with cone nut.) 

The attaching bolt-circle diameter is 4.505-4.495 in. The 
maximum diameter of the hub flange is 55g in. (reference di- 
mension). 

The disc is provided with four holes for 14-in. carriage bolts 
for attaching wheel weights. These holes are located in emboss- 
ments in a plane at 90 deg to axle centerline and are equally 
spaced on an 85£-in. diameter circle. 

The valve hole is located midway between two of the weight 
holes and opens toward the convex side of the disc as shown in 
Fig. 3. 

No fixed axial relation is required between the embossments 
for the weight-attaching bolts and the rim centerline or disc 
offset. 

Dise will not carry implement manufacturer’s stamped brand. 
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Hydraulic Remote-Control Farm 


Tractors and Trailing Farm Implements 


SAE Standard 


Report of Tractor Technical Committee approved January 1949. This Standard conforms with a corresponding standard published by the Ameri- 


can Society of Agricultural Engineers. 


Purpose—The purpose of this standard is to establ sh common 
mounting and clearance dimensions for hydraulic remote-control 
cylinders and trailing-type farm implements, with such other 
specifications as are necessary to accomplish the following ob- 
jectives: 

Permit use of any make or model of trailing-type farm im- 
plement adapted to hydraulic remote control with the cylinder 
furnished with any make or model farm tractor up to and in- 
cluding a maximum of 35 drawbar horsepower. 

Eliminate the necessity for supplemental hose lengths or pip- 
ing for certain types of implements, which will facilitate chang- 
ing the cylinder from one implement to another and reduce the 
possibility of introducing dirt or foreign material into the hy- 
draulie system. 

Standard Dimensions and Specifications—The hydraulic cyl- 
inder with hose shall be considered as part of the tractor hy- 
draulic remote control and shall be built to standard dimensions. 
Both single- and double-acting cylinders shall operate to raise 
the implements (or deangle disc harrows) on their extending 
stroke. Implements requiring actuating force in both directions 
should be operated by a double-acting cylinder. 


Variable-stroke control shall be incorporated in the cylinder 


1.005"max 
Prn Diam 
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Pin Diam 
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or hydraulic system and applied on the retracting stroke. Vari- 
able-stroke control is considered necessary in the application of 
hydraulic control to some implements. Because of forces in- 
volved, the use of stroke control or adjustable stops on imple- 
ments is not recommended. 

Cylinder length of stroke shall be 8 in., plus 4g, minus 0. 

Distance, center to center between attaching pins, extended 
shall be 2814 in., plus 14, minus 0. Cylinder attaching pins shall 
be 1 in. nominal diameter, with maximum oversize tolerance of 
0.005 in. Implement mountings shall provide operating clearance 
for 1.005 in. maximum diameter pins. 

Yokes shall be used on anchor-and rod ends. 

Width of throat shall-be 11/, in. minimum. 

Depth of Throat—This shall be as shown in Figs. 1 and 2. 
The anchor end of the cylinder shall provide clearance as shown 
in Fig. 1. This affords clearance for a 1 x 214-in. bar through 30 
deg included angle, equally divided, and a 1 x 3-in. bar in perpen- 
dicular position. The rod end of the cylinder shall provide clear- 
ance as shown in Fig. 2. This affords clearance for a 1 x 244-1n. 
bar through 60 deg. included angle, equally divided, and a 1 x 3- 
in. bar in perpendicular position. 

Clearance Area on Implements—Hydraulic cylinders shall op- 
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erate within the composite volume specified in Figs. 38a and 3b. 
Implements designed for remote cylinder operation shall provide 
clearance for a cylinder of the composite volume specified in 
Figs. 3a and 3b. 


Standard Hose Length—Tractor manufacturers shall provide 
sufficient length of hose so that the cylinder is operable when the 
front anchor pin is located at a 60-in. maximum spherical radius 
whose center is the SAH-ASAE Standard drawbar hitch point 
(Fig. 4). 

The implement manufacturer must locate the cylinder on the 
implement to provide allowances for cushion-spring hitches, 
maneuverability, and‘ turning so that the implement can be op- 
erated safely without stretching or breaking the hose under any 
circumstances. 

Hose Supports and Connections to Cylinders—Support re- 
quired for remote cylinder hose shall be considered as part of the 
implement. Hose connections shall be such that the hose will not 
interfere with bars extending through the yoke on either end of 
the cylinder. 

Operating Time at Rated Engine Speed—Operating time 114 
to 2 sec per 8-in. stroke at rated hydraulic pressure. Provision 
is to be made on the implement to accommodate the full stroke 
of the cylinder. 


SAE Standard 


Report of Agricultural Power Equipment Division approved July 1923 and last revised by Tractor Technical Committee January 1946. This 
Standard conforms with a corresponding standard published by the American Society of Agricultural Engineers. 


[By general understanding the standardizing activities of the 
SAE in the agricultural engineering field are primarily concerned 
with the power-supplying units, while those of the ASAE are pri- 
marily concerned with the units using power and the application 
of the power. This standard therefore lies in both fields of interest.] 


The agricultural tractor power take-off shaft (except. belt- 
pulley shafts) for all types of power take-off drives issuing from 
the tractor in any direction shall have the spline dimensions 


shown in Table 1 and a minimum clearance of 314 in. between 
the end of the spline shaft and any stationary part of the tractor, 
this clearance to be the spherical radius from the center of the 
spline shaft end. (See Tables 1 and 2 and Fig. 1.) 

The spline shaft groove is provided for use where additional 
retaining means is desired. The normal speed of the power take- 
off shaft shall be 536 rpm, +10 rpm, the direction of rotation to 
be clockwise when facing in the direction of forward travel. 
(This applies only to fore-and-aft power take-off shafts.) 

The tractor shall be equipped with a power take-off master 


786 AGRICULTURAL TRACTOR POWER. TAKE-OFF 
TABLE 1—Shaft and Hub Spline Dimensions (See Fig. 1) 
SPLINE ON SHAFT SPLINE ON HUB 
A, D, | d, W, Dr, a, Wi, 
NOMINAL DIAMETER Large Diameter Small Diameter Spline Width Large Diameter Small Diameter Spline Width 
Max | Min Max | Min Max Min Max Min. Max Min Max Min 
13% 1.373 1.371 1.108 1.098 0.340 0.338 1.375 1.374 1.170 1.168 0.344 0.342 
134 47. 1.745 1.427 1.417 0.433 0.431 1.750 1.749 1.489 1.487 0.438 0.436 


TABLE 2—General Shaft and Hub Dimensions (See Fig. 1) 


SHAFT HUB 
- 
A, = G F, 
SHAFT e roove- 
E, Pin U G, Ez, 
BIAMETER| pin-Hiole | Dia- |Ch@™ | side | prottem. |  Pin-Hole 
Diameter meter Length Radiu Diameter 
Max | Min 
13g |21g4 (0.328)| 546 | %e | 164 |1.160]1.155 2364 (0.328) 
134 |?5é4 (0.390)) 36 | 1Me | 2464 |1.470]1.465 2564 (0.390) 


Spherical 


Harden - 48-56 Rockwell C 
Clearance 


Effective Spline 
Fic. 1—AGRICULTURAL TRACTOR POWER TAKE-OFF SPLINE 


shield (Fig. 2) incorporating the attaching point for the shield 
of the driven machine as dimensioned. The strength of the 
master shield shall be sufficient to support the weight of the 
operator without taking a permanent set. The manufacturer of 


Tractor Belt Speeds and Pulley Width 


Optional 


Fig. 2—AGRICULTURAL TRACTOR POWER TAKE-OFF 
MASTER SHIELD 


the driven machine shall provide adequate shielding for that 
part of the power line drive which he furnishes and which shall 
be attachable to the standard power-shaft master shield of the 
tractor. 


SAE Standard 


Report of Tractor Division approved August 1917 and last revised January 1944. 


The standard belt speed for agricultural tractors shall be 3100 
fpm plus or minus 100 fpm. The minimum width of agricultural 


tractor belt pulleys shall be such as to provide for the use of a 
belt 6 in. in width. 


nas oedema ak ame sity a mee “a 
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Grader Cutting Edge 


SAE Standard 


Report of Construction and Industrial Machinery Technical Committee approved January 1951. 


RADIUS = 10%" ty” RECOMMENDED PRACTICE 


TABLE 1—Nominal Dimensions of Grader Cutting Edge 


THICKNESS, T, IN. A B € D 
ro) 6 14 154 %2 
% 8 1 154 EP, 
% 6 1346 15g %8o, 
58 8 16 154 %%o 


Fig. 1—Graprr Curring Epce 


* Optional intermediate hole spacing 6 in. centers for heavy- 
duty application ; 


Use countersunk 11/¢-in. square holes for 5g-in. No. 3 head plow 
bolts 


Bulldozer Cutting Edge 


SAE Standard 


Report of Construction and Industrial Machinery Technical Committee approved January 1951. 


Fig. 1—Buuupozer Currina per 


TABLE 1—Nominal Dimensions of Bulldozer Cutting Edge 


AWiichbhine Arsene meer ere chelate. serail 6 8 10 
HidgeeeVadbhe Dae ..ks ees ok act. 3 4 5 
Bolvgeizet Gry ile. as acre gie ot. 34 3% Ws 
HolesSpacing) Dine... ..2 ee. eres 6 6 6 
BMG eDISuUANCe ill. so) .c0-c orator: 37%, 3 ge 


® Plow Bolt No. 3 head. See American Standard Plow Bolts, ASA B18.9—1950. 
Physical requirements of bolt shall conform to Grade 5 of SAE Recommended Prac- 
tice for Physical Requirements for Bolts, Capscrews, Studs, and Nuts. 


788 YARDAGE RATINGS 


Yardage Ratings 


Report of Construction and Industrial Machinery Technical Committee approved December 1948. 


[Conversion of yardage ratings into capacity in terms of pay 
yards 1s considered to be the province of the contractor and engineer 
for each specific project.| 


Carry-Type Scrapers—Capacities shall be rated on the basis 
of cubie yards. Standard ratings shall include both struck and 
heaped capacities. 

Struck capacity of a scroper shall be determined by the product 
of the area of one side plate contacted by the load multiplied by 
the width between side plates. (Most scrapers have straight, 
parallel side plates and flat bottoms, and allowance shall be 
made for appreciable departure from such construction.) The 
struck capacity shall be given to the nearest 0.1 cu yd. 

When the top of the front apron, in the closed position, is 
below the top edge of the side plates, the capacity shall be limited 
either by planes following the contour of the side plates or by a 
plane at a slope of one vertical to one horizontal, whichever 
gives the smaller capacity. 

To determine the one to one slope for the limiting plane, the 
scraper shall be set in its normal carrying position with the apron 
closed. 

Mechanisms which are not a part of the side plates but which 
are adjacent to them and will retain additional load shall be 
included in the determination of struck capacity. An extension 
of the ejector or a rear plate above the side plates shall not be 
included in the determination of struck capacity. 

The volume occupied by apron arms, sheave frames, or other 
internal projections shall not be deducted from the struck ca- 
pacity. 

Heaped capacity of a scraper shall be the volume enclosed by the 
bowl and apron and four planes at a slope of one vertical to one 
horizontal, extending upward and inward from the top of the 
front apron, from the top of the ejector or rear plate and from 
the top edges of the side plates. For scrapers of less than 12 cu 
yd struck capacity, the heaped capacity shall be given to the 
nearest 14 cu yd; for scrapers of 12 cu yd struck capacity and 
larger, the heaped capacity shall be given to the nearest whole 
cubic yard. 

To determine the one to one slope for limiting planes, the 


SAE Standard 


scraper shall be set in its normal carrying position with the apron — 


closed. 
If the top edge of the side plate (or extension thereof), front 
apron, or ejector is not a straight line, a mean line through its 


configuration may be used to establish the side planes of the — 


heaped capacity. 


The possible interference of overhead structures such as — 
sheave guides and cables with the heaped capacity shall be — 


ignored. 

Both the struck and heaped capacities as defined are, with 
minor reservations, definitely measurable quantities which de- 
limit the probable loading characteristics of the vehicle. 

Truck and Wagon Bodies—Capacities shall be rated on the 


basis of cubic yards. Standard-ratings shall include both struck 


and heaped capaciives. ~ 

Struck capacity of a truck or wagon body shall be the actual 
volume enclosed by the body, struck off by a straight line passed 
along the top edge of the side plates. The struck capacity shall 
be given to the nearest 0.1 cu yd. 

For bodies with one end open, the capacity at such end shall 
be limited by a plane passing through the edge of the bottom 
plate at a slope of one vertical to one horizontal. 

Extension of end plates above the sides shall not be included 
in the struck capacity. 

Heaped capacity of a truck or wagon body shall be the volume 
enclosed by the body and by four planes at a slope of one vertical 
to one horizontal, extending upward and inward from the top 
edges of the side and end plates. For bodies of less than 12 cu 
yd struck capacity, the heaped capacity shall be given to the 


nearest 14 cu yd; for bodies of 12 cu yd struck capacity and | 
larger, the heaped capacity shall be given to the nearest whole 


cubic yard. 

For bodies with one end open, the heaped capacity at such 
end shall be limited by a continuation of the plane limiting the 
struck capacity. 

If the top edge of a side or end plate is not a straight line, a 
mean line through its configuration may be used to establish 
the sloping top plane of the heaped capacity. 

Both the struck and heaped capacities as defined are, with 
minor reservations, definitely measurable quantities which de- 
limit the probable loading characteristics of the vehicle. 
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INDUSTRIAL (TRACK-TYPE) TRACTOR DRAWBARS 789 


Industrial (Track-Type) 


Tractor Drawbars 


SAE Standard 


Report of Construction and Industrial Machinery Technical Committee approved December 1947 and last revised July 1950. 


[This Standard includes only those features which will affect the 
attaching of towed implements. As much freedom of design as possi- 
ble for such features as overall jaw height, pin length and locking 
devices, swing angle, and method of locking the bar is left to the 
tractor manufacturer.] 


TABLE 1—Dimensions for Industrial Tractor Drawbars 


(See Fig. 1) 
S F 
TRACTOR SIZE eee ui B aN a 010s, aN ; F 
Class | Group 
1 O25 | 11% | 2t6 | 2% 2 4 | 12-15 
I 2 26-35 13% | 24 | 24% 2 4 12-15 
3 36-50 13g | 216 | 24% 2 4 12-15 
1 51-75 1% | 346 | 3% 3 6 14-18 
II 2 76-100 | 134 | 3% 34 3 6 14-18 
3 101-125 | 134 | 3146 | 3% 3 6 14-18 
Ill 126-175 | 2 334 4 344 8 | 16-21 


W/th Drawhar 
tn Center 


w, wy, 
Ground Line yaw — 
NY \7 \7 OY, LY, \y \Y f \y ALY, AY \7 \f \Y AM \f XY 


Fic. 1—Dimensions For InpustTRIaAL TRACTOR DRAWBARS 


A cross index of SAE designations for materials and parts appears after the last standard in this book. 
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Rear Power Take-Off and Mounting Face 
for Industrial (Track-Type) Tractors 


Report of Construction and Industrial Machinery Technical Committee approved January 1949 and last revised January 1951. 


This Standard is intended primarily for tractors (track-type) 
designated for industrial uses, and it includes those features 
covering the mounting and driving of equipment such as cable 
power-control units, heavy-duty winches, bulldozers, hydraulic 


” 
Chink 2000 ae 8 88 
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SAE Involu/e Spline 
Diam Pitceh-10/20 


2710 Ta, Pres Angle-30° 
PD 4 06995" 4 hol No. of Teeth-// 
0.6850" oles, Mayor diam -C/ [Fit 
vane Tap 
roi ie es 17 1.0749) 2 
5660’) ates /.0709/ Holes 


ull Depth 


1200 #0 of Spline 
/800 Rpm 
ts 
xp } diam s , ¢ Power lake Take ofF\ 
END ‘S a Ci oupling 
view & diam 
Senate SAE Involute Spline 
Diam Pitch- off, 
Pres Angle -30° 
(Note 2) No. of Teeth -/0 
Mayor diam-Cl I Fit 
uo 
a Lian Tap Lt; (lelap, 
PD 0.5702" 1.0749" 
0.5660" ie ee ibles Full Depth 
1200 to of Spline 
/800 Rpm 
See 
END 
view & 
OF 
SPLINE 


Diam Pitch-8/16 
Pres Angle-30° 
No. of oth. Sto, 
Major diam -C/ I Fit 


(Note 2) 


(Continued on next page.) 


REAR POWER TAKE-OFF AND MOUNTING FACE FOR INDUSTRIAL (TRACK-TYPE) TRACTORS 


SAE Standard 


units, and separate hydraulic pumps. 
ardize mounting facilities and drive connections with the least 
possible interference with freedom of design. 


The intent is to stand- 


Fic. 1—Cuass I, Group 1 
(0-25 DrawBaR Hp) 


Note 1—Area inside of these lines to © 


bea plane surface for mounting equip- 


ment when drawbar brackets and pilot- 


hole cover are removed. Area between 
pads around groups of holes can be re- 
lieved, but no permanent tractor parts 
are to project behind this face within this 
area. 

Note 2—Seat or fuel tank shall not 
project below this line behind the trans- 
mission case. 


Fic. 2—Cuass I, Group 2 
(26-35 DrawBaR Hp) 

Note 1—Area inside of these lines to 
be a plane surface for mounting equip- 
ment when drawbar brackets and pilot- 
hole cover are removed. Area between 
pads around groups of holes can be re- 
lieved, but no permanent tractor parts 
are to project behind this face within 
this area. 

Note 2—Rear face of transmission case 
should be as close to the sprocket-shaft 
center as is practical. 

Note 3—Seat or fuel tank shall not 
project below this line behind the trans- 
mission case. 

Note 4—Minimum clearance inside of 
transmission case for equipment. 


Fie. 3—Cuass I, Group 3 
(36-50 DrawBar Hp) 

Note 1—Area inside of these lines to 
be a plane surface for mounting equip- 
ment when drawbar brackets and pilot- 
hole cover are removed. Area between 
pads around groups of holes can be re- 
lieved but no permanent tractor parts 
are to project behind this face within 
this area. 

Note 2—Rear face of transmission case 
should be as close to the sprocket-shaft 
center as is practical. 

Note 3—Seat or fuel tank shall not 
project below this line behind the trans- 
mission case. 

Note 4—Minimum clearance inside of 
transmission case for equipment. 
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792 TRACTOR AIR-CLEANER TEST CODE 


Tractor Air-Cleaner Test Code 


Report of Tractor and Equipment Division approved January 1941, 


[The procedure given in this Recommended Practice is a labora- 
tory method only. When an air cleaner has been developed to a 
satisfactory point in the laboratory, the final verification of the 
application must result only from field determinations, as special 
tests have been found necessary as a result of the particular service 
to which individual products are subjected.] 


Scope—This test procedure is intended for laboratory use in 
determining the operating characteristics of air cleaners applied 
to internal-combustion engines. Either of two procedures may 
be followed. 

(a) Absolute-Cleaner Method—The test setup for this proce- 
dure interposes an absolute cleaner between the air cleaner on 
test and the engine. This absolute cleaner catches any dust 
passed by the air cleaner and provides a direct check on all 
determinations. 

(b) Direct-Mounting Method—The test setup for this proce- 
dure involves attaching the air cleaner on test to the engine by 
its regular operating connections. 

Because of the check on the results provided by the absolute- 
cleaner method, this procedure is generally to be preferred. 
However, should. the use of an absolute cleaner be found to 
affect measurably the performance of the air cleaner, the second 
method necessarily must be followed. 

The entire procedure includes the following determinations: 

1. Determination of oil carry-over characteristics and maxi- 
mum oil level. 

Determination of minimum oil level. 

Cleaner efficiency at selected operating level. 
Cleaner efficiency at selected low oil level. 

Oil agitation characteristics. 

Cleaner resistance and horsepower loss. 
Backfire test. 

Apparatus—Absolute-Cleaner Method 

1. All parts necessary for applying cleaner to engine. 

2. Absolute cleaner with sufficient cloths. Cloths to be cut to 
size from 10 oz Canton flannel, moleskin, or felt weighing not 
less than 144 lb per sq yd. New cloths stall be laundered before 
using. The fuzzy side of moleskin or flannel shall be toward 
the air flow. The absolute cleaner must be of a size such that the 
restriction resulting from the collection of dust on cleaner 
cloths shall not affect engine operation. 

3. The dust-feeding apparatus shall be of a type arranged 
for feeding dust by air flotation. Air fed into the feeding appara- 
tus shall be passed through a suitable air dryer, since moisture 
contacting the dust causes caking and coagulation. To prevent 
the accumulation of surface dust on the inside of the dust 
chamber, which spalls off and enters the air stream in flakes, 
the dust chamber should be provided with a vibrator. 

4. Scales with sufficient capacity and sensitivity to weigh 
the duster and cleaner to the nearest 0.10 gm or equivalent. 

5. Supply of test dust. 

6. Water manometers to measure restriction at inlet and out- 
let of the air cleaner and at the engine inlet. 

7. Oil for cleaner tests (SAE 40 and 10W oil of known vis- 
cosity characteristics). 


pe OU CoLNS 


SAE Recommended Practice 


8. Compressed-air supply. 
9. Suitable data sheets. 
Direct-Mounting Method—Provide all apparatus specified for 


the absolute-cleaner method except the absolute cleaner and_ 


cloths. 
Test No. 1—Determination of Oil Carry-Over Characteristics 
and Maximum Oil Level—This test shall be run with 10W oil 


in the cleaner, with cleaner applied to engine in the regulra 


manner, and without absolute cleaner. (If an operating appli- 


cation has not been devised, attach cleaner in the simplest man- 
ner, using short connections with as few turns as possible.) 
Submit sketch of setup with report. 

1. Fill cleaner with 10W_ oil to the manufacturer’s iii 
operating level. Assemble cleanér and weigh to nearest 0.10 gm. / 

2. Attach cleaner to engine and run for 30 min at full load — 
with wide open throttle. 

Air inlet temperature should approximate summer conditions. 
Record time of start and stop, engine rpm, load, temperature of 
inlet air, and restriction through cleaner. 

3. Remove cleaner and weigh to nearest 0.10 gm. Examine 
outlet for oil carry over. Record viscosity of oil at temperature - 
of test and the oil loss by weight. 

4. If no oil carry over is observed, increase oil level in cleaner 
by some chosen arbitrary increment and repeat test. 

5. Continue at higher oil level increments, as in Step 4 until” 
oil carry over is observed in connections leading from cleaner. — 
Plot cleaner loss in weight against oil level, and from this plotted 
curve, the maximum operating oil level may be chosen. (Fig. 1 
shows a specimen curve plotted from actual tests.) 
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Fig. 1—Ciranper Loss In Wetcut Versus O11 Leven 
(SpEcIMEN CuRVE PLoTTEeD rrom AcTUAL TESTS) 


Note: The maximum oil level must necessarily be selected 
arbitrarily at some point on the determined curve since, be- 
cause of oil evaporation, zero oil loss is rarely obtained. 

6. As a check, repeat Step 2 for 60 min at chosen maximum 
oil level. 

Test No. 2—Determination of Minimum Oil Level—This 
test shall be run with SAE 40 oil in the cleaner. Use test setup 


; 


i TRACTOR AIR-CLEANER TEST CODE 793 


as in Fig. 2 with dust-feeding apparatus ahead of cleaner (with- 
' out absolute cleaner). 
1. Run engine at no load and governed speed until operating 
stability is attamed. 


Dust Feeding Apparatus 


Entering Air Picks up 
Air Floated Dust Particles 


i Air Flow 
¥ Resistance Gauge 
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Fig: 2—Arir-CLeaner Test Sretue (WitHour ABSOLUTE 
CLEANER) 


2. Determine lowest oil level at which washing of the separat- 
ing element is observed. Such observations may be made. 

(a) Through window installed in cleaner, or . 

(b) By removing cup and noting oil draining back from the 
separating compartment, or 

(c) By noting to what degree oil in the cup has been agitated. 

3. Run quantitative test at level determined in Step 2 as fol- 
lows: 

(a) Weigh cleaner with oil at above level to nearest 0.10 gm. 

(b) Run engine as in Step 1. 

(c) Feed dust at 50% of rate used in Test No. 3A, Step 9. 

(d) Remove cleaner and weigh to nearest 0.10 gm. Difference 
between weight in (a) and weight in (d) represents dust retained 
by cleaner. 

4. Repeat Step 3 at a number of oil levels varying by some 
arbitrarily chosen increment until sufficient data are obtained 
to permit of choosing the low oil level. 

Note: Fig. 3 shows the plotted results of such a series of runs, 
and from these data the minimum oil level may be selected 
arbitrarily according to the desired low-level efficiency. 
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Fie. 3—O1L Leve, Betow ManuracrurEr’s LEVEL 
Versus WEIGHT or Dirt RETAINED 


Test No. 3A—Determination of Cleaner Efficiency at Selected 
Operating Oil Level, Absolute-Cleaner Method—This test shall 
be run with SAE 40 oil in cleaner. 

1. Use test setup shown in Fig. 4 with absolute cleaner be- 
tween cleaner and engine and dust-feeding apparatus ahead of 
cleaner. 
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Fic. 4—Arr-CLeaner Test Setup wita ABSOLUTE 
CLEANER BETWEEN CLEANER AND ENGINE 


2. Connection between the various units must be dust and oil 
tight. 

3. A dimensional sketch of the setup shall be submitted with 
the report. 

4, Wash and dry cleaner as in Test No. 5, Steps 1 and 2, 

5. Fill cleaner cup with SAE 40 oil to the operating oil level 
chosen midway between the maximum oil level (Test No. 1) 
and the minimum oil level (Test No. 2). 

6. Wipe inside of absolute cleaner and assemble with thor- 
oughly clean cloths. Install dust feeder, cleaner, and absolute 
cleaner in series, but do not connect to engine. 

7. Fill dust-feeding apparatus with dust, and weigh to nearest 
0.10 gm. 

8. Start engine and run idle. 

9. Connect absolute cleaner to engine and bring engine to full 
load. At this point, entire setup is complete, but dust is not being 
floated into the air stream. When ready to start efficiency run, 
record time and start dust feed at rate of 0.50 gm (or equivalent) 
per hr for each cfm of air taken into the engine. 

10. Maintain dust feed at uniform rate throughout the test 
and, at 10-min intervals, record intake temperature, engine 
load, and restriction at both intake and discharge of cleaner. 
Run test for a period of 4 hr. 

11. At end of test, shut off dust feed, record time, and dis- 
connect entire test equipment before stopping engine. Discon- 
nect dust-feed apparatus, and weigh to nearest 0.10 gm. Carefully 
brush into the cleaner all dust in connections between dust-feed 
apparatus and cleaner. Disconnect cleaner from absolute cleaner, 
and brush in absolute cleaner all dust in connections between 
cleaner and absolute cleaner. 

12. Separately wash cleaner, separating element, cleaner cup 
with oil, and the absolute cleaner with cloths in naphtha, repeat- 
ing until no discoloration is observed. Filter all naphtha with 
dust through filter paper, dry, and determine weight increase 
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of filter paper representing separately the dust removed from the 
cleaner, separating element, the cleaner cup, and the absolute 
cleaner. 

Note: The quantity of dust removed from the cleaner separat- 
ing element with respect to that removed from the cup quan- 
titatively indicates the effectiveness of the oil washing through- 
out the separating element. 

Check the accuracy of all determinations by the following: 

Weight of dust fed = loss in weight of dust-feeding apparatus 
weight of dust recovered in cleaner + 
weight of dust recovered in absolute 

cleaner. 
The efficiency may then be calculated as follows: 


Weight of dust recovered in cleaner 


: a Weight of dust Weight of dust 
Efficienc = 100 
ciency (7%) recovered in + recovered in 
cleaner absolute cleaner 


Test No. 3B—Determination of Cleaner Efficiency at Selected 
Operating Oil Level, Direct- Mounted ‘Method—This test to be 
run with SAE 40 oil in cleaner. 

1. Use test setup shown in Fig. 2, with dust-feeding apparatus 
ahead of cleaner. 

2. Same as Test No. 3A, Step 2. 

. Same as Test No. 3A, Step 3. 

. Same as Test No. 3A, Step 4. 

. Same as Test’ No. 3A, Step 5. 

. Same as Test No. 3A, Step 7. 

Same as Test No. 3A, Step 8. 

. Connect cleaner to engine, and bring engine to full load. 
At this point, entire setup is complete, but dust is not being 
floated into the air stream. When ready to start efficiency run, 
record time and start dust feed at rate established in Test No. 
3A, Step 9. 

9. Same as Test No. 3A, Step 10. 

10. At end of test, shut off dust feed, record time, and discon- 
nect entire test equipment before stopping engine. Disconnect 
dust-feed apparatus and weigh to nearest 0.10 gm. Carefully 
brush dust in connections between: dust feeder and air cleaner 
into cleaner. 

11. Wash cleaner with oil in naphtha until no discoloration is 
observed. Filter naphtha with dust through filter paper, dry, 
and determine weight of dust on filter paper. The cleaner effi- 
ciency is then calculated as follows: 


OMDB w 


Efficiency (9%) = 100 (“eum of dust recovered from “ener 


Weight of dust fed 


It will be noted that this method affords no check on dust fed 
against total dust recovered and should be used only where the 
use of the absolute cleaner is found to affect the cleaner opera- 
tion. 

Test No. 4—Determination of Cleaner Efficiency at Low Oil 
Level—This test shall be run with SAE 40 oil in cleaner. 

1. Set up and proceed as in Test No. 3A (Steps 1-12) or Test 
No. 3B (Steps 1-11), except oil level in cleaner shall be at the 
low level chosen in Test No. 2. 

2. Run engine at governed speed without load. 

Test No. 5—Oil Agitation Characteristics—Oil agitation may 
be checked quantitatively under loads varying from no load to 
full: load and at the corresponding governed speeds as follows: 


1. Remove entire cleaner from engine, and wash out all oil 
with naphtha. 

2. Dry cleaner as follows: 

(a) Blow out the oil separating element with compressed air. 

(b) Assemble cleaner. Attach to engine and operate until 


cleaner is dried thoroughly. This may be determined by weigh- ] 


ing cleaner at 5-min intervals until the weight remains constant. 
3. Run engine at governed speed and without load, then, 


without stopping the engine, remove the oil cup and fill to chosen 
operating oil level (Test No. 3A, Step 5). Weigh cup with in- 


cluded oil to nearest 0.10 gm, and assemble to cleaner. 

4. Operate engine at governed speed and without load for a 
10-min period. 

5. Without stopping engine, remove oil cup with oil and weigh. 
The reduction in weight from Step 3 represents the oil in the 
separating compartment. 

Note: This test reveals the amount of oil in the separating 


element which causes the washing action and may be run at 
any desired load increment to establish the oil agitation charac- _ 


teristics over the load range of the engine. 

Test No. 6—Determination of Cleaner Resistance and Horse- 
power Loss (Carburetor Engine)—Set up cleaner as in Test No. 1 
(Fig. 2) without dust-feeding apparatus. 

1. Fill cleaner cup with SAE 40 oil to chosen operating oil 
level (Test No. 3A, Step 5). 

2. With throttle maintained in wide-open position and at 
constant speed, make a maximum fuel characteristic run re- 
cording horsepower, fuel consumption, and carburetor adjust- 
ment for each point determined. Plot results in curve form. 
(Specimen is shown in Fig. 5.) 
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3. Record engine rpm, temperature, and depression at car- 
buretor inlet. 

4, Remove air cleaner from line, leaving intact the remainder 
of air line from air inlet to inlet. Repeat Step 2 above and plot 
results on same sheet. 

5. Record engine rpm, temperature, and depression at car- 
buretor inlet. 

6. The difference between the plotted test results and de- 
pression determination gives the horsepower loss and cleaner 
resistance. 

Note: If the carburetor has a fixed adjustment, determine and 
record the maximum engine horsepower at rated speed. 
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SAE General Information 


Report of Tractor and Equipment Division approved January 1941. 


[For more complete discussion of this subject, refer to Proposed 
Air Cleaner Test Code, SAE Journal, July 1940, pp. 294 to 299.) 


Because of the absence of definite information and the almost 
unanimous lack of agreement on the part of those concerned, 
it has not been possible to set up a standard test dust, although 
there is probably no single element affecting to so great a degree 
the efficiency of an air cleaner as the fineness of the dust used 
for testing. Satisfactory results in the development of air cleaners 
haying a high degree of field efficiency have been obtained by 
preparing test dust as follows: 

Raw Material—The material shall be dust that settles out of 
‘the air behind or around tractors or implements operating in the 
Salt River Valley, Ariz. It is recommended that this dust be 
caught on a canvas cloth. 

Method of Manufacture 

1. Dry raw dust in oven. 

2. Sift dust through 200-mesh screen (0.0029-in. width open- 
ings). 

8. Discard dust retained on 200-mesh screen. 

4. Sift dust obtained in Step 2 through a 270-mesh screen 
(0.0021-in. width opening) until no more will go through. 

Screen Analysis (By Weight)—Analysisshould be80% through 
270-mesh sereen, 20% through 200-mesh screen but shall be 
retained on 270-mesh screen. 

Examination of these specifications reveals: 

1. The requirement of air floating results in dust in every 
way comparable with that entering the air cleaner of a tractor 
when operating in a field, since the position of the air inlet is 
such that the greater part of the dust entering the tractor inlet 
is actually air floated. 

2. The specifications of sieve size were arrived at by analyzing 
samples of dust caught in the oil cups of a number of cleaners 
operating in the extremely dusty conditions in the Southwest. 

3. Examination of air-floated dust from the Salt River Valley 
of Arizona reveals that it contains a high percentage of extremely 
fine particles, highly abrasive in nature, the size of which is diffi- 
cult to arrive at by any screening specifications. . 

' To develop the fallacy of depending solely upon a screen anal- 
ysis, an examination has been made of such dust as would pass 
through a 270-mesh wire screen. One of these samples was 
taken from dust originating in Salt River Valley, Ariz., the other 
originating in the Imperial Valley at Calexico, Calif. An exam- 
ination of this dust revealed the following properties: 


Particle Size Arizona Dust California Dust 
(microns) 1 (%) 

53 to 44 17.30 5.1 

43 to 24 54.2 42.3 

23 to 6 15.4 35.9 
5 to 0 13.1 16.7 


The foregoing analysis indicates that the Arizona dust con 
tains a total of 71.5% of particles larger in size than 23 microns 
and but 28.5% of 23 microns and smaller; whereas the California 
dust contains but 47.4% of particles of 23 microns and larger 
and 52.6% of 23 microns and smaller. Further physical differ- 
ences lie in the fact that the California dust contained prac- 
tically three times the hydroscopic moisture contained by the 
Arizona dust, and 3.2% of the fine particles in the California 
dust were of a colloidal nature, which greatly increase in volume 
when in contact with oil and tend to foul the oil-separating 
element of a cleaner to a point where it can no longer function. 
It therefore seems that any specification of test dust must, in 
addition to a particle-size specification, place a limit upon the 
amount of colloidal matter and the hydroscopic water content. 

As to the determination of dust-particle size, there are at pres- 
ent two recognized methods: 

1. The elutriation process, based upon Stokes Law covering 
the time of falling in fluid. This is a microscopic verification of the 
particle sizes, and determinations by this method reveal the 
practical accuracy of the results so obtained. 

2. The Roller particle-size analyzer, which fractionates the 
dust particles into graded sizes, based upon Stokes Law in 
connection with the flow of air. 

The results of both methods are in terms of equivalent spheres 
as given by Stokes Law. 

Testing cleaners with a dust made up largely of the finer 
particles would show less efficiency than would be obtained in 
field service, but the spread in efficiencies would be magnified. 
To some, the difference between a cleaner efficiency of 98% and 
99% represents but 1%, whereas it should be recognized that 
the cleaner testing but 98% efficient is passing twice the dust 
to the engine than does the cleaner testing 99% efficient. 

Where finer test dust is used, the cleaner showing an efficiency 
of 98% with field dust might be lowered to 80% efficiency, while 
the cleaner showing 99% efficiency with field dust might simi- 
larly be lowered in efficiency to 90%. A difference in efficiency 
between 80% and 90% is more impressive than that between 
98% and 99%; yet the ratio of dust passed to the engine is 
identical. 
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Haulage and Grader Tires 
and Off-Highway Rim Classification 


SAE Recommended Practice 


Report of Construction and Industrial Machinery Technical Committee approved January 1949. 


[Thetables giveninthis SAL Recommended Practice were prepared 
by the SAE Construction and Industrial Machinery Technical 
Commitiee as a simplification measure and are published in the 
SAE Handbook to provide a ready reference guide for designers 
in the selection of tires. 

All section, rim diameter, and ply combinations listed are in 
accordance with the standards of the Tire and Rim Association 
except those marked with an asterisk.] 


TABLE 1—Tire and Rim Combinations of Haulage-Type Tires® 


RIM DIAMETER, IN. 


SECTION 
DIAMETER 
20 24 25 29 33 
8.25 10 = = == = 
12 
9.00 10 os = — = 
12 
10.00 12 — = — — 
14 
11.00 12 = = — aS 
14 
12.00 14 16 rae = +o 
13.00 14 18 = SS = 
14.00 12 16 ca = — 
16 20 
16.00 16 16 
20 20 = = — 
24* 
18.00 16 
wok = 20 = 
24 24* 
21.00 16 
= = 20 20 = 
24 24 
24.00 = = 18 24 24 
24 
27.00 = — — _ 24 
30 
30.00 — — — — 28 
34 


_ * All figures included in body of table indicate the ply rating of the particular tire 
size shown. 
The tire manufacturer’s data book should be consulted for availability of the 
desired type of tire. 
* These do not appear in Tire and Rim Association Standards. 


— 


SECTION DIAMETER 


TABLE 2—Tire and Rim Combinations of Grader-Type Tires® 
¥ 


RIM DIAMETER, IN. 


20 

7.00 10 

7.50 = 

8.25 10 

9.00 = 

10.00 = 
11.00 = 
12.00 == 
13.00 =e 
14.00 14 
16.00 12 


24 


Flat bead 


5-deg bead 


14 : 
¥ 


® All figures included in body of table indicate the ply rating of the particular tir® 


size shown. 


The tire manufacturer’s data book should be consulted for availability of the de- 4 


sired type of tire. 


* This does not appear in Tire and Rim Association Standards. 


TABLE 3—Off-Highway Rim Classification for Haulage Tires* 


TIRE SECTION DIAMETER, IN. 


RIM WIDTH, IN, 


13.0 
15.0 
17.0 
19.5 
22.0 
22.0 


® The rim manufacturer’s data book should be consulted for availability and other 


information concerning the desired rim. 
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| Marine Propeller-Shaft Ends and Hubs SAE Standard 


Report of Motorboat and Marine Engine Division approved February 1929 and last revised by Marine Propeller Shaft and Coupling Technical 


Committee January 1950, 


Sec Y-Y 


y ‘ Fic. 1—ProprLuer-Suarr ENps 
Taper = 34 in. on diameter per ft = 1g in. per in. = 3° 34’ 47” total included angle 


TABLE la—Dimensions for Shafts from 34 to 3 In. in Diameter 


Y c 
ow SMALL 2D, tare xEYWRY WIDTH, sie DE," KEYWAY THREAD, TAPER To Ss 
Bape Car Bere OF THD, a a 
Min Max Nom Min Max Nom Min Max Diam Tpi e 
34 0.624 | 0.626 2 Heo 0.1865 | 0.1875 340 0.095 | 0.097 Yeo yA 3 Ye 146 
1% 0.726 | 0.728 234 A 0.249 | 0.250 XK 0.125 | 0.127 Yeo 56 il 1% 1% 
1 0.827 | 0.829 234 A 0.249 0.250 XK 0.125 0.127 Yeo 34 10 1Ke 134 
1K 0,929 | 0.931 3k A 0.249 0.250 kK 0.125 0.127 Vo 34 10 1K6 13% 
1% 1.030 1.032 3 Ke 0.3115 | 0.3125 3% 0.157 0.160 Veo WA 9 1% 7) 
13 aso) 1.134 31% Ke 0.3115 | 0.3125 540 0.157 0.160 Ve i 8 113/64 24% 
1% 1,233 1.235 444 34 0.374 | 0.375 Ke 0.189 | 0.192 Veg 1K a 2 2% 6 
13% 1.437 1.439 5 Yo 0.4365 | 0.4375 Yo 0.219 0.222 Yeo 1y% @ 24% 234 
2 1.640 1.642 534 % 0.499 | 0.500 \% 0.251 0.254 Ve 14 6 254 3% 
24% 1.843 1.845 644 Ke 0.561 0.5625 %o 0.281 0.284 340 134 5 3 3% 
24 2.046 | 2.048 4 % 0.6235 | 0.625 546 0.312 | 0:315 340 134 5 3 34 
234 2.257 2.259 7% 56 0.6235 | 0.625 He 0.313 0.316 340 2 4le 34% 4 
3 2.460 | 2.462 856 A 0.7485 | 0.750 46 0.311 0.314 346 214 44 3% 43¢ 
® Keyway shall be cut parallel to taper. 
b Fillets are recommended for keyways in shafts through 2 in. in diameter. Fillets are mandatory for shafts above 2 in. in diameter. 
© Threads are Unified and American Standard, Class 3A. 
TABLE 1b—Dimensions for Shafts from 34 to 3 In. in Diameter 
Nom UNDERCUT ieee epee COTTER-PIN HOLE COTTER PIN, Q NuTs® BLT ae 
SEE PIN END, PIN END, : LENGTH, 
A” be K A ze N (ani | Nom diam | Length Size ae | ew = 
4 2564 % 3% MY 1% %a 4s 34 4-18 % He 1% 
% 3¥a % Ko A 12a %a % 4 5g-11 5% % 12549 
1 1% % 4% He 13364 %a 4% 1 34-10 4 Ke 24 
1% 1%9 % a Ke 18364 %a ¥% 1 34-10 4 Keo 214 
1% 23% 4 56 % 12349 1M a 1% %-9 % eo) 21346 
13g 1X46 4% % Yeo 12%o 14 50 1% 18 1 Ke 3346 
1% 2% He % Ke 2340 14 542 14 144-7 1% 5% 314 
134 1M Ke 1 % 27364 1364 36 134 14-7 1% 4 AV 
2 1% Ke 14% 4% 24764 1364 346 2 144-6 143 % 41546 
24 13 Ke 13g % 3% 14 M“ 24 «|: 134-5 1% 1 5% 
24 Ke IG 1Ke a) 3%4 1a % 24 134-5 1% 1 6340 
234 11Ke MY 11M6 a) 344 1% “ 244 |2 4% 2 14% 62}42 
3 1156 4 116 a) AMG Ya M4 3 2-44 24 1% Ye 


® Nuts are to be semi-finished stock, American Standard B18.2. 


(Continued on next page.) 


798 


MARINE PROPELLER-SHAFT ENDS AND HUBS 


Q-Cotter Pin 


Fig. 2—PrRopetuer-SHarr Enps 
Taper of shafts to 6 in. diameter = 34 in. on diameter per ft = 46 in. per in. = 3° 34’ 47” total included angle 
Taper of shafts 6 in. and larger = 1 in. on diameter per ft = 2 in. per in. = 4° 46’ 19” total included angle 


: 


f Aa 
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TABLE 2a—Dzimensions of Shafts from 334 to 8 In, in Diameter* 


peek Steere TAPER Setar, Meee SN eer wae DEPTH,” phish ee aieee oe gic healt UNDERCUT DIAM OF 
ahi B LENGTH, RADIUS ENDOR_| BEYOND PIN END, 
A ; Raa epee Sereee THD, TAPER, L 
Min Max Nom Min Max Nom Min | Max Diam Tpi et di K 
314 | 2.663 | 2.665 934 34 10.7485] 0.750) %{6 0.311 | 0.314 a 216 4 43¢ 5% 216 3¢ 26 
314 | 2.866 | 2.868 10% 7g |0.8735| 0.875} 46 0.310 | 0.313 A 216 4 43¢ 5% 214 3¢ 216 
334 | 3.069 | 3.071 10% 7g |0.8735| 0.875) %{6% 0.310 | 0.313 lg 234 4 434 51g 236 3g 236 
4 3.272 | 3.274 115g il 0.9985) 1.000) 56 0.309 | 0.312 14 B Wea | aa 54 5% 216 34 216 
416 | 3.827 | 3.829 1034 14g {1.123 | 1.125) 3 | 0.373 | 0.376 540 34 4 55% 63¢ 234 36 234 ' 
5 4.249 | 4.251 12 14% |1.248 | 1.250) We™- | 0.434 | 0.437 346 334 4 63¢ 748 34 34 3% 
51% | 4.671 | 4.673 134% 144 {1.248 | 1.250} 1% 0.485 0.4388 46 4 4 634 734 34% 4% 36 
6 4.791 | 4.793 144 Cea eye Oa 65) eo 0.493 | 0.496 Bo 4\4 res 844 3% yy 3% 
64% | 5.187 | 5.189 1534 13g |1.373 | 1.375) &% 0.494 | 0.497 Bo 416 4 | 8% 914 43¢ wy 43¢ 
7 5.582 | 5.584 17 14% {1.498 | 1.500) %% 0.555 | 0.558 \% 5 4 9 10 4lg 4% 4g 
714 | 5.978 | 5.980 1814 14g {1.498 | 1.500) %e 0.556 | 0.559 YY 5g 4 93¢ 1034 5% 4% 5% 
8 6.374 | 6.376 | 1916 | 134 1.748 | 1.750! %{6 | 0.553 | 0.556 yy 534 4 934 1034 53, | 534 
‘ A steel shaft may be used in salt aren ha suitable aft Fairwater is areal, | so Ser ee 
Keyway shall be cut parallel to taper. 
© Threads are Unified and American Standard, Class 3A. 
TABLE 2b—Dimensions of Shafts from 334 to 8 In. in Diameter* 
oe Aira efrernes GNIS COTTER PIN, amet ois DIAM,° 
SHAFT pac as CLEARANCE, | KEYWAY, 
DIAM, aga = : 4 : Zi >,4 
A N (daly) Nom diam Length Size MoS Jap ices Min Max 
34 4% 48764 36 34 3 24-4 24 14 3.870 3.872 3K 84 
36 34 43764 3¢ 3% 3 214-4 26 1% 4.120 4.122 3¢ 9% 
334 34 46le, 3% 88 34 234-4 234 15% 4.369 4.371 34 10 
4 34 57.64 % 3% 316 3 -4 3 134 4.619 4.621 3% 10144 
413 4 = = — _ 314-4 34 1% 5.243 5,245 \% 954, 
5 4 = = -- -- 334-4 334 2 5.993 5.995 4 10% 
54 1 == — — 4 +4 4 214 6.492 6.494 yy 121 
6 1 _ — — — 414-4 44 2144 6.992 6.994 YM“ 134% 
616 1 — — oo — 416-4 46 216 7.492 7.494 A 143¢ 
ff 1 — = — —_ 5 -4 5 234 8.117 8.120 A 1554 
734 1 = — - - 54-4 5% 3 8.616 8.619 Ww 1674 
8 1 -= as = — 534-4 534 3g 9.240 9.243 ¥% 181g 


* A steel shaft may be used in salt water if a suitable aft Merwaten is ered 
Nuts are to be semi-finished stock, American Standard B18.2. 


ua The shaft sleeve shown is recommended practice, but the use of a sleeve is optional. 


(Continued on next page.) 
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Fig. 3—PropeLLER Huss 
Taper = 34 in. on diameter per ft = Mg in. per in. = 3° 34’ 47” total included angle 


WLI. 


TABLE 8a—Hubs for Shafts from 34 to 3 In. in Diameter, Inclusive, Without Sleeve* 


a het SHALL ESD, Lae Ss KEYWAY ae DEPTH, KEYWAY 
DIAM B RADIUS,° 
Min Max Nom Min Max Nom Min Max ‘ 
| 3% 0.608 | 0.610 2 Ke 0.1865 0.1875 Bho 0.098 0.100 ie, 
% 0.710 0.712 256 yy 0.249 | 0.250 y | 0.129 0.131 Yeo 
1 0.811 | 0.813 3 Y 0.249 0.250 % 0.129 0.131 ve 
1K 0.913 0.915 336 \% 0.249 0.250 K% 0.129 0.131 Yeo 
WY 1.015 | 1.017 334 54g 0.3115 0.3125 5ho 0.162 0.165 THe 
134 WANG fe 18 41g 56 0.3115 0.3125 5ho CGO Oss Grd: 4s 
1g 1/218.» |\--11.220 Aly 3% 0.374 0.375 Ke 0.195 0.198 Lie 
134 1.421 | 1.423 BY Se 0.4365 0.4875 Ue 0.226 0; 200r Nts ee 1g 
2 1.624 1.626 6 % 0.499 0.500 \y 0,259 0.262 Ye 
2% 1.827 | 1.829 634 XK 0.561 0.5625 %o 0.291 0.294 Sen 
214 2.030 2.032 76 54 0.6235 0.625 546 0.322 0.325 340 
234 2.233 2.235 84 54 0.6235 0.625 46 0.322 0.325 34o 
3 2.437 2.439 9 34 0.7485 0.750 46 0.323 0.326 340 


® For intermediate sizes and other design data, see Basic Data. 
Keyway shall be cut parallel to taper. Keyway side depth is measured normal to axis of taper. F py aie 
* Fillets are recommended for keyways in hubs for shafts through 2 in. in diameter. Fillets are mandatory in hubs for shafts above 2 in. in diameter. 


TABLE 3b—Hubs for Shafts from 3% to 8 In. in Diameter* 


SHAFTS WITHOUT SLEEVE SHAFTS WITH SLEEVE 
Di \ 3 ° - c 
Apu DGae small end, er Renny. width, Keyway side depth, ales Disecien : Shen 
B radius, 
Min Max Nom Min Max Nom | Min Max bs Min Max 
344 2.640 2.642 934 34 | 0.7485 | 0.750 46 0.323 0.326 4 3.875 3.878 % 
36 2.843 2.845 104% 7g | 0.8735 | 0.875 Heo 0.324 0.327 V 4.125 4.128 % 
334 3.046 3.048 11% 4g | 0.8735 | 0.875 6 0.324 0.327 V4 4.375 4.378 4 
4 3.249 3.251 12 al 0.9985 1.000 46 0.326 0.329 34 4.625 4.628 1% 
414 3.796 3.798 1% 1K 1.123 1.125 36 0.388 0.391 569 5.250 5, 253 1% 
5 4,218 4.220 124% 14 1.248 1.250 Ye 0.450 0.453 46 6.000 6.003 1% 
54 4.640 4.642 1334 1% 1.248 1.250 46 0.450 0.453 Ke 6.500 6.503 14 
6 4.749 4.751 15 13¢ SY} 1.375 Vy 0.517 0.520 Yo 7.000 7.003 1% 
64 5.145 5.147 1614 13 1.373 1.375 4 0.516 0.519 ho 7.500 7.503 1% 
7 5.541 5.543 17% 14 1.498 1.500 6 0.579 0.582 \y 8.125 8.128 13g 
7% 5.937 5.939 1834 1% 1.498 1.500 %e6 0.579 0.582 \y 8.625 8.628 134 
8 6.332 6.334 20 134 1.748 1.750 %6 0.582 0.585 y 9.250 9.253 13¢ 


® For intermediate sizes and other design data, see Basic Data. 
On hubs for shafts 6 in. and larger, taper is 1 in. on diameter per ft., equals Yeo in. per in., equals 4°46’19” total included angle. 
° The use of a shaft sleeve is recommended for shafts 34 in. in diameter and over. The propeller-hub counterbore is to be used only with shafts having the sleeve. 


(Continued on next page.) 
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Tolerances for SAE Marine Tapers—Surface Finish—The 
machined surfaces of propeller hubs and shafting shall be equal 
to that defined by American Standard B46 as Roughness Sym- 
bol 60, which denotes that the root mean square average height 
of surface irregularities shall not exceed 60 micro inches. 
Basic Dimensions—Taper per foot measured on the diameter 
and diameter of small end of taper shall be basic dimensions. 
Taper Tolerances for Hub Bores 
Sizes 34 to 144 im. inel., 0.7500 (+0.0000, —0.0020) in. taper 
per ft 
Sizes 13¢ to 2 in. incl., 0.7500 (+0.0000, —0.0019) in. taper 
per ft 

Sizes 214 to 3 in. incl., 0.7500 (+0.0000, —0.0015) in. taper 
per ft 

Sizes 314 to 51% in. inel., 0.7500 (+0.0000, —0:0013) in. taper 
per ft 

Sizes 6 to 8 in. inel., 1.0000 (+0.0000, —0.0013) in. taper per ft 


Taper Tolerances for Shafts 


Sizes 34 to 114 in. inel., 0.7500 (+0.0020, —0.0000) in. taper 
per ft 

Sizes 13g to 2 in. inel., 0.7500 (+0.0019, —0.0000) in. taper 
per ft 

Sizes 214 to 3 in. incl., 0.7500 (+0.0015, —0.0000) in. taper 
per ft 

Sizes 344 to 544 in. inel., 0.7500 (+0.0013, —0.0000) in. taper 
per ft 

Sizes 6 to 8 in. incl., 1.0000 (+0.0013, —0.0000) in. taper per ft 


Basic Data—Keyways—The keyway shall be cut parallel to. 


taper. At the small end of the hub length and shaft taper length, 
the keyway shall have the specified side depth. The keyway side 


depth shall be measured normal to the axis of the taper, not 
normal to the surface of the taper. 

Keys—Keys for use in filleted keyways must be chamfered so 
that the corners of the key do not touch the keyway fillets. 

Small-End Diameter of Taper for Hubs—For nominal bore 
diameters 314 to 4 in. inclusive, the small end of the taper shall 
be 0.8125 times the nominal bore diameter. 

For nominal bore diameters 414 to 514 in. inclusive, the small 
end of the taper shall be 0.84875 times the nominal bore diam- 
eter. 

For nominal bore diameters 6 to 8 in. inclusive, the small end 
of the taper shall be 0.79167 times the nominal bore diameter. 

Small-End Diameter of Taper for Shafts—For nominal shaft 
diameters 34 to 214 in. inclusive, the small end of the taper 
shall be 0.8125 times the nominal shaft diameter plus 0.01562 in. 

For nominal shaft diameters 234 to 4 in. inclusive, the small 
end of the taper shall be 0.8125 times the nominal shaft diam- 
eter plus 0.02344 in. 

For nominal shaft diameters 444 to 514 in. inclusive, the small — 
end of the taper shall be 0.84375 times the nominal shaft diam- 
eter plus 0.03125 in. 

For nominal shaft diameters 6 to 8 in. inclusive, the small end 
of the taper shall be 0.79167 times the nominal shaft diameter 
plus 0.04167 in. 

Intermediate-Size Tapers—The required small-end taper diam- 
eter of hub bore and shaft end for intermediate diameters not 
covered by this Standard shall be calculated from data given 
above using the next smaller standard taper data. 

The keyway for intermediate-size hub bore and shaft end 
shall be that specified for the next smallest standard bore and 
shaft. 
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Marine Propeller-Shaft Couplings SAE Standard 


Report of Motorboat Division approved February 1929 and last revised by Marine Propeller Shaft and Coupling Technical Committee January 
1950. 


Clearance line ? 
of Housing > XK min 


Holes N equally spaced, 
Diam § 

(Note 2) 

H Jn line with Keywa 


to Axis 
o SSN Bt 
1 ‘ KE Y 
Notel}— -—K —-- A} -3"4-——- = 
we ae | 76| P Concentric max 
ky Gea he with Bore A 
6° SSN within 002" e 
we N Reverse 
Gear 
Shaft end Coupling 


Flange face not to run out F, 
more than .002” total Indicator lange 
reading at edge 


Taper .75"per ft on diam 


Fic. 1—Tyrr I Prope,ier-SHarr Coupiine, InterNAu Pitot, TAPER Bore 
Nore 1—Tapered hub is optional 
Norr 2—No. 1 flange coupling bolt is to be 34—24 x 114 with plain nut and lockwasher. 
No. 2 flange coupling bolt is te be %.—20 x 114 with plain nut and lockwasher. 
No. 3 flange coupling bolt is to be 44—20 x 134 with plain nut and lockwasher. 
No. 4 flange coupling bolt is to be 5g—18 x 2 with plain nut and lockwasher. 


TABLE la—Propeller-Shaft Couplings, Type I, Internal Pilot—Taper Bore*® 


SAE SHAFT 
- Flange DIAM D E F G H if Ke Ki L N 
No. MAX 
1 1% 4 344 3¢ lK%e 6 134 24 1.856 2% 4 
2 1% 434 3% 1546 1% 46 24% 234 2.252 356 6 
3 2 534 434 %6 3346 36 234 3% 2.844 454 6 
4 3 4 6 54 3 3¢ 36 46 4.500 616 6 
SAE P (prLot) Z (PILOT) 
Flange S Q R W xX iy 
Max — Min Max Min 
1 2564 2.002 2.000 1 2 3% 54 24% 2.000 1.998 
2 29% 4 2.502 2.500 1% 26 1540 ll, 234 2.500 2.498 
3 83/4 3.002 3.000 144 4 Ke 34 314 3.000 2.998 
4 4K, 3.752 3.750 2 4 56 1546 4 3.750 3.748 


® For intermediate sizes, see SAE Standard on Marine Propeller-Shaft Ends and Hubs, Basic Data. 
Tapered hub is optional. 


TABLE 1b—Taper-Bore Dimensions*® 


SAE SHAFT BORE AT A B ce 
Flange DIAM | 
avemaber NOMINAL Min Max Min Max Min Max 
34 ~ 0.608 0.610 0.1865 0.1875 0.098 0.100 
1 % 0.710 0.712 0.2490 0.2500 0.129 0.131 
1 0.811 0.813 0.2490 0.2500 0.129 0.131 
1% 0.913 0.915 0.2490 0.2500 0.129 0.131 
1% 1.015 1.017 0.3115 0.3125 0.162 0.165 
2 13¢ 1.116 1.118 0.3115 0.3125 0.161 0.164 
1% 1,218 1.220 0.3740 0.3750 0.195 0.198 
3 134 1.421 1.423 0.4365 0.4375 0.226 0.229 
2 1.624 _ 1.626 0.4990 0.5000 0.259 0.262 
244 1.827 1.829 0.5610 0.5625 0.291 0.294 
24 2.030 2.032 0.6235 0.6250 0.322 0.325 
4 234 2283 22235 0.6235 0.6250 0.322 0.325 
3 2.487 2.439 0.7485 0.7500 0.323 0.326 


* For intermediate sizes, see SAE Standard on Marine Propeller-Shaft Ends and Hubs, Basic Data. 
Keyway shall be cut parallel to taper. 


(Continued on next page.) 
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Holes N equally spaced; Clearance line ; 
Diam § of Housing min 
(Note /) roa 
e| | 
Break 
corner 
te coe i 
K P Concentric E D is 16 ry) 


with BoreA | © 


T Tap 2 Holes 
for Set Screws 
Note 2) Gear 


Flange Face hot to run out 
more than.002" total Indicator 
reading at edge 


Fig. 2—Tyrr I Propetier-SHarr Courtine, Inrernau Pivot, Straiast Bore 
Nortr 1—No. 1S flange coupling bolt is to be 3,—24 x 114 with plain nut and lockwasher. 
No. 2S flange coupling bolt is to be %{g—20 x 144 with plain nut and lockwasher. 
No. 3S flange coupling bolt is to be }44—20 x 134 with plain nut and lockwasher. 
No. 4S flange coupling bolt is to be 9—18 x 2 with plain nut and lockwasher. 
Nore 2—KEither cone or dogpoint setscrews with spotting of shaft is recommended. 


TABLE 2a—Propeller-Shaft Couplings, Type I, Internal Pilot—Straight Bore® 


SAE SHAFT 
Flange DIAM D E F K if M N Ss 
No. MAX 
1S 1K 4 34 36 24 2% 14 4 2% 
2S 11g 434 3% 1942 234 334 1% 6 2%a 
3S 2 534 434 6 3% 456 1% 6 3364 
4S 3 74 6 os 416 6% | 254 6 44 
SAE P (pILor) Z (PILOT) 
Flange ag WW »¢ Y 
No. Max Min Max Min 
is 2.002 2.000 36-16 3 5 24% 2.000 1.998 
2S 2.502 2.500 Ye-l4 1549 lg 234 2.500 2.498 
3S 3.002 3.000 4-13 %6 34 34 3.000 2.998 
4S 3.752 3.750 5g-11 56 146 46 3.750 3.748 
® For intermediate sizes, see SAE Standard on Marine Propeller-Shaft Ends and Hubs, Basic Data. 
TABLE 2b—Straight-Bore Dimensions* 
SAE SHAFT A Bb G 
Flange DIAM 
Number ONL Min Max Min Max Min Max 
4% 0.749 0.750 0.1885 0.1905 0.8378 0.8428 
% 0.874 0.875 0.2510 0.2530 0.9878 0.9928 
1S 1 0.999 1.000 0.2510 0.2530 1.1151 1.1201 
14 1.124 1.125 0.2510 0.2530 1.2419 1.2469 
14 1.249 1.250 0.3135 0.3155 1.3924 1.3974 
2S 13g 1.374 1.375 0.3135 0.3155 1.5192 1.5242 
14 1.499 1.500 0.3760 0.3780 1.6697 1.6747 
3S 134 1.749 1.750 0.4385 0.4405 1.9470 1.9520 
2 1.999 2.000 0.5010 0.5030 2.2243 2.2293 
24 2.249 2.250 0.5635 0.5655 2.5015 2.5065 
4S 246 2.499 2.500 0.6260 0.6280 2.7789 2.7839 
234 2.749 2.750 0.6260 0.6280 3.0335 3.0385 
3 2.999 3.000 0.7510 0.7530 3.3334 3.3384 


a 


Based on Woodruff-key tolerances. 


x For intermediate sizes, see SAE Standard on Marine Propeller-Shaft Ends and Hubs, Basic Data. 
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P Concentric 
with Bore A 
within 002" 


é x45 °Chamfer 


Flange Face not to run out 


Clearance line 
of Housing 


more than .002” total Indicator 


reading at edge 


T Jap 2 Holes 
for Set Screws 


pth 
ouplin 
Flange’ 


Fig. 3—Tyrr II Propetier-SHarr Courtine, ExTerNaAL Pitot, STRAIGHT Bore 
Notst 1—No. 400 flange coupling bolt is to be 3g—24 x 114 with plain nut and lockwasher. 
No. 500 flange coupling bolt is to be %g—20 x 154 with plain nut and lockwasher. 
No. 600 flange coupling bolt is to be 144—20 x 1% with plain nut and lockwasher. 
No. 725 flange coupling bolt is to be 54—18 x 214 with plain nut and lockwasher. 
Nore 2—Either cone or dogpoint setscrews with spotting of shaft is recommended. 


TABLE 3a—Propeller-Shaft Couplings, Type II, External Pilot—Straight Bore 


SAE Flange No. SHAFT DIAM MAX D E F K L M N S 
400 4 4 3% ¥% 2 1% 1% 4 2564 
500 13% 5 4 Ke 234 254 154 4 2% 
600 24 6 5 54 34 334 1% 6 3364 
725 3 7% 6 4% 46 46 2564 6 4V64 

P (prot) Z (PILOT) 
SAE Flange No. Ts Ww xs Y 
Max Min Max Min 
400 2.000 1.998 3g-16 4% 56 2 2.002 2.000 
500 2.500 2.498 6-14 Ke llf¢ 234 2.502 2.500 
600 3.250 3.248 4-13 58 34 34 3.252 3.250 
725 4.250 4.248 5-11 34 1/6 416 4,252 4.250 
TABLE 3b—Sitraight-Bore Dimensions 
SHAFT DIAM fs tage c 
SAE Flange No. OMA 
Min Max Min Max Min Max 
4 0.749 0.750 0.1885 0.1905 0.8378 0.8428 
% 0.874 0.875 0.2510 0.2530 0.9878 0.9928 
400 die 0.999 1.000 0.2510 0.2530 1.1151 1.1201 
1% 1.124 1.125 0.2510 0.2530 1.2419 1.2469 
1% 1.249 1.250 0.3185 0.3155 1.3924 1.3974 
13% 1.374 1.375 0.3135 0.3155 1.5162 1.5242 
500 1% 1.499 1.500 0.3760 0.3780 1.6697 1.6747 
15g 1.624 1.625 0.4385 0.4405 1.8197 1.8247 
134 1.749 1.750 0.4885 0.4405 1.9470 1.9520 
1% 1.874 1.875 0.5010 0.5030 2.0970 2.1020 
600 2 1.999 2.000 0.5010 0.5030 2.2243 2.2293 
24% 2.249 2.250 0.5635 0.5655 2.5015 2.5065 
216 2.499 2.500 0.6260 0.6280 2.7789 2.7839 
725 234 2.749 2.750 0.6260 0.6280 3.0335 3.0385 
3 2.999 3.000 0.7510 0.7530 3.3334 3.3384 


® Based on Woodrufi-key tolerances. 
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Outboard-Motorboat 
Transoms 


SAE Recommended Practice 


Report of Motorboat and Marine Engine Division approved January 1935 and last revised by Marine Propeller Shaft and Coupling Technical 


Committee October 1950. This SAE 


ecommended Practice conforms with the standard adopted by a joint committee of the Outboard Boat 


Manufacturers Association and the Outboard Motor Manufacturers Association in cooperation with the Outboard Boating Club of America. 


Lower Unit Clearances—For engines rated up to and includ- 
ing 12 hp, use dotted line (Fig. 1). For engines rated over 12 hp, 
use solid line. 

Transom Width, W—For engines rated up to and including 
12 hp, W is 634 in. For engines rated over 12 hp, W is 9 in. 


Automotive Nomenclature 


Lower Unit Clearance 
/" Squares 


Fig. 1—Ovutsoarp-MorTorsoat TRANSOM DIMENSIONS 


SAE Standard 


Report of Nomenclature Division approved August 1916 and last revised by Passenger Car Division January 1941. 


Principles and Rules Governing Automotive Nomenclature 


1. Names shall be functional in that they describe the service 
the part performs, the purpose for which it is used, or its loca- 
tion in an assembled unit. 

2. The noun shall appear first in the name, followed by the 
minimum number of modifiers necessary to definitely define the 
function of the part. Commonly compounded words shall be 
broken down into their component parts to assure consistency 
in the application of this rule. 

3. The complete functional name shall incorporate a word 
designating the group, division, or major assembly to which the 
part belongs. Exception to this rule shall be made where the 
basic term without group designation has come to have a rec- 
ognized application through general usage. 

4. Names shall be consistent, and precedent once established 
in a department or a company should govern the naming of sim- 
ilar and related parts. 

5. Unless absolutely necessary for definiteness, compounded 
names shall not be used even though the part has a dual or 
multiple function. 


6. Where terms front and rear are used, front should always 
be toward the front end of the car. Where parts are numbered, 
No. 1 should be toward the front of the car: For instance, No. 1 
cylinder is that nearest the radiator (in a conventional construc- 
tion). Right and left are as indicated when sitting in the car fac- 
ing forward. 


Examples of Automotive Nomenclature 


Deflector, clutch gear bearing oil 
Race, transmission rear bearing 
Shim, transmission rear bearing retainer 
Boot, universal joint 

Retainer, universal joint boot 
Armature, generator 

Shaft, generator armature 
Pinion, differential 

Washer, second speed gear thrust 
Pin, aileron mounting hinge 
Cowling, left motor nacelle 
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ENGINEERING PROBLEM Industrial 
ENGINEERING 


Consultant 


A Mobile Heavy Duty High 
Pressure Lubricant Dispenser 
that will handle lubricating oil or 
grease of either light or heavy 
viscosity or consistency. 


Primarily to be designed to 
meet a Military need, it must 
also be adaptable to any field 
where mobile lubrication service 


is desired. 
Manufacturers Representative 


THE WILLIAM HARRIGAN CO. 
RUTHERFORD, NEW JERSEY 

pressor or airlines are to be used. TelephéiieRothorford 2-0011 

New York Washington, D. C. Detroit 


It shall be driven off the power 
take-off of the vehicle as no com- 


ENGINEERING SOLUTION 


Engineering Project No. 303 
Two Heavy Duty High Pressure 
Lubricant Dispensers with indi- 
vidual hose reels and control 
valves mounted on a Willys- 
Overland Jeep. 


Harrigan Patents and Patent 
Applications Pending, covering 
mobile, portable and stationary 
Heavy Duty Lubricant Dis- 
pensers assigned to Chieftain 
Industries, Inc., 25 Broad Street, 
New York, N. Y. 
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SPECIAL lpleavy-]Duwry 
ALECTRICAL AQUIPMENT 


DIRECT CURRENT 
GENERATORS 

60 watts to 2100 watts. 

Shown above: 14 volt, 50 

ampere model. Other 

types available for any 

tequirements. 


VOLTAGE 
REGULATORS 
Vibrating and Carbon 
Pile Types. Hold voltages 
accurately to close limits, 


ALTERNATOR 
SYSTEMS 
For AC-DC current. Sys- 
tems are rated at 7, 14, 
28 and 37% volts, with 
capacities from 50 to 175 
amperes. 


_———y os 2 


CRANKING MOTORS ; SWITCHES 
From 2 HP to 27 HP. All of heavy duty Hand and Magnetic. For standard and for 
construction for quick dependable starting. series-parallel systems.. 


For complete specifications, write Dept. 28, 
The Leece-Neville Company, Cleveland 14, Ohio 
Quality Electrical Equipment for Over 40 Years : 


(oem eo ae 7 OS 
A ES A ESE SA SS ee 
ne SE 
SS RS ee 
SE RS RE Ee 
a Sa SRS RR 
a RS a a EE EES 
RESO SGT ST a 
a se Rt REET IE 
PE RT ROT SE 
SaaS Ease EEE SS 
SS rr Oe 
eee eer ee tT 
SS a 
[a SE RR 
ep 
SS RS SE 
ca VO 
RR RI 
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DIVERSIFIED PRODUCTION 


GASKET & MANUFACTURING 


DETROIT 23, MICHIGAN 


Fasteners must not fail. They are assigned im- 
portant functions in the assembly of all types of 
products. And it is up to the fasteners to meet 
this responsibility. 

By way of assuring the successful performance 
of SPEED NUTS, Tinnerman Products has per- 
fected a system of vigilant quality control. | 

A key step in these control procedures is deter- 
mining the average installation torque for each 
SPEED NUT. This is established by the Mechanized 
Torque Tester, a special “torture rack” designed 
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Calling the Pressure” 


on SPEED NUTS 


... to assure highest quality fasteners 


for your products 


by Tinnerman engineers. The torque values set up 
by this tester assure the extreme holding power 
and great vibration resistance of SPEED NUTS. 

This is only part of the Tinnerman quality con- 
trol program. The entire procedure has been de- 
scribed in a new illustrated booklet, ‘“The Story 
of Quality’—write for-your copy. TINNERMAN 
Propucts, INc., Dept. 12, Box 6688, Cleveland 
1, Ohio. In Canada: Dominion Fasteners Ltd., 
Hamilton. In Great Britain: Simmonds Aero- 
cessories, Ltd., Treforest, Wales. 


Test plates containing. 
SPEED NUT and screw 
are inserted in Torque 
Tester.Rotating screw- 
driver bit engages 
‘screw. Dials register 
inch-pounds of instal- 


lation, back-off and 
destruction torque. - 


Trenton, Michigan 


ERS ose eek 
seers Ve a Tins 
—— 
ON owe 


MANUFACTURERS OF 
HOT AND COLD ROLLED 
STAINLESS AND CARBON 
SHEET AND STRIP STEEL 


=< 
© 
<i 
oe 
© 
a. 
Cc 
© 
C) 
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Lu 
Lu 
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= 
- 
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Top Flight Engineering, Fine Craftsmanship and Modern Production Methods 
Combine in the Manufacture of American Bosch Quality Products for Industry and the Nation 


American Bosch 


MAGNETOS © GENERATORS « VOLTAGE REGULATORS « IGNITION COILS = ~* 
ELECTRIC WINDSHIELD WIPERS © DIESEL FUEL INJECTION EQUIPMENT 


AMERICAN BOSCH CORPORATION e SPRINGFIELD 7 e MASS. 
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DESIGNATION GIVEN IN SAE 
STANDARD, SAE RECOMMENDED 


DESIGNATION (X STANDS FOR 


MATERIALS AND PARTS PAGE 
PRACTICE, OR SAE GENERAL THE VARIOUS DIGITS) 
INFORMATION REPORT 
STEELS—COMPOSITIONS 
Plain Carbon....................| Chemical Compositions for SAE 39 SAE 10XX 
Carbon Steels* 
Free-Cutting....................| Chemical Compositions for SAE 40 SAE 11XX 
Carbon Steels* 
Manganese Alloy................. Chemical Compositions for SAE Al- 40 SAE 13 XX 
loy Steels? 
INickelCANOY,, 7) Hee. cakes = + ....| Chemical Compositions for SAE Al- 4] SAE 23 XX 
loy Steels 41 SAE 25XX 
Nickel-Chromium-Alloy........... Chemical Compositions for SAE Al- Al SAE 31XX 
loy Steels* 4l SAE 33 XX 
Chemical Compositions for SAE 70 SAE 303 XX 
Wrought Stainless Steels® 
Molybdenum Alloy................ Chemical Compositions for SAE Al- 41 SAE 40 XX 
loy Steels* 
Chromium-Molybdenum Alloy..... Chemical Compositions for SAE Al- 42 SAE 41 XX 
loy Steels* 
Nickel - Chromium - Molybdenum 
TION cbse too ca fn eae tas Por ..| Chemical Compositions for SAE Al- 42 SAE 48 XX 
loy Steels® 43 SAE 86XX 
43 SAE 87XX 
43 SAE 93 XX 
43 SAE 98 XX 
Nickel-Molybdenum Alloy......... Chemical Compositions for SAE Al- 42 SAE 46XX 
loy Steels? cs 42 SAE 48 XX 
Chromium Alloy.................| Chemical Compositions for SAE Al- 42 SAE 504X 
loy Steels 42 SAE 51XX 
70 SAE 5 X100 
Corrosion-Resistant Casting Alloy} Chemical Compositions for SAE 149 SAE 60XXX 
i at Corrosion- and Heat-Resistant 
Ferrous Castings 
Chromium-Vanadium Alloy. ......| Chemical Compositions for SAE Al- 43 SAE 6150 
loy Steels 
Heat-Resistant Casting Alloy.....| Chemical Compositions for SAE 149 SAE 70XXX 
Corrosion- and Heat-Resistant 
Ferrous Castings 
Nickel - Chromium - Molybdenum) Chemical Compositions for SAE Al- 43 SAE 86XX 
IN TON 5 ata gece roe are loy Steels* 43 SAE 87XX 
Silicon-Manganese Alloy.........| Chemical Compositions for SAE Al- 43 SAE 92XX 


loy Steels?” 


(Continued) 


* See also Tentative Permissible Variations from Specified Chemical Ranges and Limits for Steels, pages 72 and 73; General Characteristics and Heat-Treatments of 


Steels, pages 78-89; and Estimated Mechanical Properties of Hot-Rolled and Cold-Finished Carbon Steel Bars, pages 91 and 92. 
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WHY ASSEMBLY pene AGREE 


1Yo1 pAte HANDBOOK. 


ivan D.| K vs on, 


The 
Only Complete Line 


Permits you to choose the right fast- 
ener for thé job. No need to fit the job 
to some one type of fastener. The many 
P-K* standard types make it easier to 
meet your production schedules in 
these days of limited fastener supplies. 


y Lares a MARK: 
REG. U.S. PAT. y Lares a 


«+. When specifying SELF-TAPPING SCREWS 


Simplifying your job of digging for 
data is a continuing project at Parker- 
Kalon. P-K service literature is highly 
valued by all assembly planners for its 
clear, complete, concise information, 
exactly keyed to their needs. 


P-K SCREW SIZE CHART 


Wall hanger, 18” x 24”, 
illustrates in actual sizes 
standard P-K Self-tapping 
Screws and other fasteners. 


HEX HEAD Zt 


P-K CATALOG 
AND ENGINEERING 
DATA BOOK 


Illustrates and describes the 
entire P-K line. Tells ‘where, 
when, how, and why” P-K 
Fasteners are used to re- 


duce costs, improve assem- 
blies... 88 pages. 


P-K ENGINEERING 
STANDARDS 


A 48-page booklet of 
standard head and thread 
dimension drawings of P-K 
Screws, other data. 


Te dagieel 


Ta.s.a. DESIGNATION — TYPE B 


Parker-Kalon Corporation, 


As originators and leading producers of 
hardened Self-tapping Screws, Parker- 
Kalon has an unequaled 30-year ex- 
perience covering millions of applica- 
tions. Based on this experience, a P-K 
Assembly Engineer’s advice can almost 
invariably help you save time, lower 
costs, improve product strength. 


A P-K Assembly Engineer 
will call at your request. For 


service literature, write: 


200 Varick St., New York 14. 


PARKER-KALON, SELF-TAPPING SCREWS 


Cohen 


HARDENED SCREWNAILS AND MASONRY NAILS 


*TRADE MARKS REG. U.S. PAT. OFF. 


OK Fieotlédld ~ coo FORGED SOCKET SCREWS, WING NUTS, THUMB SCREWS 
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DESIGNATIONS GIVEN IN SAE 

STANDARD, SAE RECOMMENDED 

MATERIALS AND PARTS PAGE 
PRACTICE, OR SAE GENERAL 


INFORMATION REPORT 


STEELS—COMPOSITIONS—Cont. 
Nickel - Chromium - Molybdenum 
LLG rari Riees tee oth clap sta sts 33 > a ,.| Chemical Compositions of SAE Al- 43 
loy Steels 43 
STEELS—H BANDS..............| Hardenability Bands for H Steels 45, 48 
45, 49 
45, 51 
45, 46, 51-58 
46, 58-60 
46, 61 
46, 47, 61-67 
47, 67-69 
_ STEELS — HIGH - STRENGTH, 
LOW-ALLOY. ..............| High-Strength, Low-Alloy Steel, 74 
SAE 950 
STEELS—INCLUSION CLASSIFI- 
CATIONS. Eiswiosve%s .......| Determination of Inclusions in 131 
Steels 
FERROUS CASTINGS 
Gray Iron.......................| Automotive Gray Iron Castings 140 
140 
Malleable Iron................... Automotive Malleable Iron Castings 142 
142 
Pearlitic Malleable Iron........... Pearlitic Malleable Iron Castings 143 
143 
143 
= 148 
143 
Plain-Carbon and Low-Alloy Steel] Automotive Steel Castings 145 
145 
145 
145 
145 
High-Strength Steel Compositions} Automotive Steel Castings 146 
146 
146 
146 
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DESIGNATION (X STANDS FOR 
THE VARIOUS DIGITS) 


SAE 93 XX 
SAE 98 XX 


SAE 13 XX H 
SAE 2XXX H 
SAE 3XXX H 
SAE 4XXX H 
SAE 51XX H 
SAE 6150 H 

SAE 8XXX H 
SAE 9XXX H 


SAE 950 


T, H, d, vd, org 


number 


ke a B, C, or D 
number 


number 


(for example, 7° -23-B) 


SAE 11X 
SAE 12X 


Grade 32510 
Grade 35018 


Grade 43010 
Grade 48005 
Grade 53004 
Grade 60003 
Grade 70002 


SAE Grade 0022 
SAE Grade 0030 
SAE Grade 0050 
SAE Grade 080 
SAE Grade 090 


SAE Grade 0105 
SAE Grade 0120 
SAE Grade 0150 
SAE Grade 0175 
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SHARONSTEEL 


Pig Iron . . . Open Hearth and Electric Furnace ‘grades of Steel. . . Ingots, 
Blooms, Slabs, Billets, Sheet Bar, Tube Rounds... U. M. Plates .. . Hot Rolled 
Strip and Sheets—Black, Pickled—Coils and Cut Lengths ... Low Carbon, 


High Carbon and Razor Blade Analyses . . . Cooperage Hoop... Cold Rolled 
Strip .. . Cold Rolled Spring Steel . . . Terne Coated Strip . . . Galvanite ... 
Stainless Steel Strip—Hot Rolled and Cold Rolled... Alloy Steel — Open 
Hearth and Electric Furnace grades... . High Tensile Low Alloy Strip .. . 
Anti-Checking Irons. 


SHARON STEEL CORPORATION 
Shaun, Fenniyoaua 


PRODUCTS OF SHARON STEEL CORPORATION AND SUBSIDIARIES: THE NILES ROLLING MILL COMPANY, NILES, OHIO; DETRCiT TUBE AND STEEL DIVISION, DETROIT, 
MICHIGAN; BRAINARD STEEL COMPANY, WARREN, OHIO; SHARONSTEEL PRODUCTS COMPANY, DETROIT, MICHIGAN, AND FARRELL, PENNA.; CARPENTERTOWN COAL 
& COKE CO., MT. PLEASANT, PENNA.; FAIRMONT COKE WORKS, FAIRMONT, W. VA.; MORGANTOWN COKE WORKS, MORGANTOWN, W. VA.; JOANNE COAL 


COMPANY, RACHEL, W. VA. Hot and Cold Rolled Stainless Strip Steel—Alloy Strip Steel—High Carbon Strip Steel—Galvanite Special Coated Products—Cooperage Hoop— - 


Electrical Steel Sheets—Hot Rolled Annealed and Deoxidized Sheets—Galvanized Sheets—Enameling Grade Steel—Welded Tubing—Galvanized and Fabricated Steel Strip— 
Steel Strapping, Tools and Accessories. 
DISTRLCT SALES OFFICES: Chicago, IIl., Cincinnati, O., Cleveland, O., Dayton, O., Detroit, Mich., Indianapolis, Ind., Milwaukee, Wis., New York, N. Y., Philadelphia, Penna., 
Rochester, N. Y., Los Angeles, Calif., San Francisco, Calif., Montreal, Que., Toronto, Ont. 


Supplies bearings with the ‘‘Cream’”’ of the 
Oil . . . from the top of the Crankcase 


FLOAT- 


The sludge, filings and heavy abrasives which cause serious engine 
wear and inefficiency naturally precipitate to the bottom of the 
crankcase, FLOAT-O, installed at the pump intake, draws hori- 
zontally from the clean oil found at the top .. . it does not 
disturb the harmful substances found at the bottom of the crank- 
case, With FLOAT-O only this ''cream" of the oil sump is distributed 
to the bearings. This is true during starting and all running con- 
ditions. FLOAT-O is also a definite guarantee against ice-locking. 
Indorsed and approved by the leading research engineers of the 
industry, FLOAT-O insures quicker starting, smoother operation 
and longer life for engines. 


TAYLOR SALES ENGINEERING CORP. 
ELKHART, INDIANA 


Detroit Office—807 Fisher Bldg. Tel. Trinity 1-8070 


FLOAT-O USERS 


Aktie bolaget-Volvo 

Buda 

Buick 

Cadillac 

J. 1. Case Co. 

Chrysler 

Chrysler Marines 

Chrysler Corp. of Canada 

Continental Motors 

Cummings Engine Co. 

DeSoto 

Dodge Cars and Trucks 

Ford Motor Co. 

Gen’! Motors Corp. 
Diesel Engine Div. 

Gen’! Motors of Canada Ltd. 

Gen’! Motors Truck & Coach 

Hudson Motors 

International Harvester Co. 

Kaiser- Frazer 

Kohler 

Massey-Harris Co. 

Morris Motors, Ltd. 

Nordberg 

Oliver Corp. 

Packard 

Plymouth 

Reo Motors 

Seagrave Corp. 

Sterling Engine 

Studebaker 

Waukesha Motors 

White Motors 

Willys-Overland 

Wolseley Motors, Ltd. 


Se 
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SAE DESIGNATIONS 
- DESIGNATION GIVEN IN SAE 
ee STANDARD, SAE RECOMMENDED ate DESIGNATION (X STANDS FOR 
PRACTICE, OR SAE GENERAL THE VARIOUS DIGITS) 
INFORMATION REPORT 
FERROUS CASTINGS—Cont. 
High- Strength Steel specified by|’ 1, 2,3, 4, or 5 
hardenability. NOE ee as, Bt ,.| Automotive Steel Castings lage" 
oi 147 SAE 01XX H—Xx 
sth ee | 
‘A, B, C, or D 
composition 
(for example; 
SAE 0105 H-2C) 
Corrosion-Resistant Steel......... Chemical Compositions of SAE Cor- 149 SAE 60.X XX 
rosion- and Heat-Resistant Fer- 
rous Castings e 
Heat-Resistant Steel.............. Chemical Compositions of SAE Cor- 149 SAE T0XXX - 
rosion- and Heat-Resistant Fer- : 
rous Castings 
ELECTRODES FOR ARC WELD- 
TNIG Rete cere eet sits sd ol ee oa, Are-Welding Electrodes 158 E45XX 
158-161 E 60XX 
158 E70XX 
158 E 80xXX 
158 E 90XX 
E 100XX 
SHOT AND GRIT 
(IPEONIN Se ireias tare steccie ele sare esha Shot for Peening 162 P6,P X,...,P9 
162 P ii, P XX,..., P93 
162 Pili, P X¥XX,..., P 157 
CLC ANI rte Boch sieytarriiios ses ou Shot and Grit for Cleaning 163 163 70 660 
163 163 1XX 780 
163 163 230 930 
163 163 3XX 1110 
163 163 460 1320 
163 550 
164 G10,G XX,..., G 80 
164 G 120 
164 G 200 
164 G 325 
SURFACE FINISH 
SAE Roughness Height Values... .| Surface Finish 165 Dy Xq 2 e129) 
165 HOS XX he 900 
165 100, XXX, ..., 800 
165 1000 
SAE Waviness Height Values....:. ‘Surface Finish 165 0.00002, 0.0000X, . . ., 0.00008 
. : 165 0.0001, 0.000.X, . . ., 0.0008 
= 165 0.001, 0.00 X, .. ., 0.008 
165 0.010, 0.015, 0.020 
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no more GAMBLING on 


[4 actual size; Selector is in 3 colors] 


Here's how it works: 


To use the Selector, all you need know is the 
characteristics that come with the job: type and 
condition of material to be worked, the number 
of pieces to be produced, the method of working, 
and the condition of the equipment to be used. 


FOUR STEPS —and you've got the right answer! 

1. Move arrow to major class covering appli- 
cation 

2. Select sub-group which best fits applica- 
tion 

3. Note major tool characteristics (under ar- 
row) and other characteristics in cut-outs 
for each grade in sub-group 

4. Select tool steel indicated 


That’s all there is to it! 


Here's an example: 
Application —Deep 
drawing die for steel 


Major Class—Metal 
Forming — Cold 


Sub-Group — Special 
Purpose 


Tool Characteristics— 
Wear Resistance 


Tool Steel—Airdi 150 


One turn of the dial 
does it! 


And you’re sure you‘re 
right!! 


first name in special purpose steels 


Since the first announcement, hundreds of tool steel 
users have received their CRUCIBLE TOOL STEEL SE- 
LECTORS.: The comments received indicate that this 
handy method of picking the right tool steel right 
from the start is going over big. 


“Handiest selector I’ve ever seen” 
“No more gambling on tool steel selection” 
“You're right, the application should dictate 
the choice of the tool steel”. .. and many, many more 
favorable comments. 


You’ll want your CRUCIBLE TOOL STEEL SELECTOR. It 
uses the only logical method of tool steel-selection— 
begin with the application to pick the right steel! And 
the answer you get with one turn of the Selector dial 
will prove satisfactory in every case, for the CRUCIBLE 
TOOL STEEL SELECTOR covers 22 tool steels which fit 
98% of all Tool Steel applications. ALL the tool steels 
on the Selector are in Warehouse Stock...that means 
when you get the answer, you can get the steel... fast! 


Write for your Selector today! We want you to have 
it, because we know you’ve never seen anything that 
approaches your tool steel problems so simply and 
logically. Just fill out the coupon and mail. Act now! 
CRUCIBLE STEEL COMPANY OF AMERICA, Chrysler 
Building, New York 17, N. Y. 


Crucible Steel Company of America 
Dept. SAE, Chrysler Building, 405 Lexington Avenue 
New York 17, N. Y. 


Gentlemen: 
Sure! | want my CRUCIBLE TOOL STEEL SELECTOR! 


Company. 
Street. 


I 
l 
| 
l 
] 
I Namie Se ee Se ile 
l 
| 
] 
l 


City. State. 


Le ea ee 


Branch Offices and Warehouses: ATLANTA ° BALTIMORE © BOSTON © BUFFALO © CH 
: ARLOTTE © CHICAGO © CINCINNATI © CLEVELAND © DENVER ° DETROIT 
HOUSTON © INDIANAPOLIS * LOS ANGELES * MILWAUKEE NEWARK * NEW HAVEN © NEW YORK °® PHILADELPHIA © PITTSBURGH * PROVIDENCE * ROCKFORD 
SAN FRANCISCO * SEATTLE © SPRINGFIELD, MASS. © ST. LOUIS * SYRACUSE TORONTO, ONT. * WASHINGTON, D. C. 
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SAE DESIGNATIONS 


MATERIALS AND PARTS 


COPPER ALLOYS 


Casting Alloys... 0. .c.0-.: 2.54... 


Wrought Alloys.................. 


ALUMINUM ALLOYS 


Casting Alloys.......+...:....... 


Wrought Alloys.................. 


' MAGNESIUM ALLOYS 


CastingvAlloys se c)../iec oes .gs sense 


Wrought Alloys.................. 


DESIGNATION GIVEN IN SAE 


STANDARD, SAE RECOMMENDED 


PRACTICE, OR SAE GENERAL 
INFORMATION REPORT 


Copper-Base Casting Alloys 


Wrought Copper-Base Alloys 


Aluminum Casting Alloys 


Wrought Aluminum Alloys 


Magnesium Casting Alloys 


Wrought Magnesium Alloys 
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DESIGNATION (X STANDS FOR 


PAGE 
THE VARIOUS DIGITS) 
173 173 SAE 40 SAE 63 
173 173 SAE 41 SAE 64 
173 173 SAE 43 SAE 640 
173 173 SAE 430A SAE 65 
173 173 SAE 430B SAE 66 
173 173 SAE 62 SAE 660 
173 173 SAE 620 SAE 67 
173 173 SAE 621 SAE 68A 
173 173 SAE 622 SAE 68B 
174 174, 178 SAE 70A SAE 75 
174 174,179 SAE 70B SAE 76 
174 174,179 SAE 70C SAE 77A 
174,175 174,179 SAE 701A  SAE77C 
174,175 174,180 SAE 701B SAE 79A 
174,175 174,180 SAE 701C — SAE 79B 
174, 175 174 SAE 71 SAE 791 
174, 176 174 SAE 72 SAE 795 
174,177 174, 181 SAE 73 SAE 80A 
174,177 174, 181 SAE 74A SAE 80B 
174,177 174, 181 SAE 74B SAE 81 
174,177 174, 182 SAE 74C SAE 83 
174,177 174, 182 SAE 74D SAE 88 
192,193 192, 196 SAE 30X SAE 34 
192,193 192, 197 SAE 310 SAE 36 
192,194,195 192, 197 SAE 32X SAE 38 
192,196 192, 197 SAE 33 SAE 380 
192, 196 SAE 33X 
198 198, 201 SAE 20 SAE 270 
198,199 198, 202 SAE 201 SAE 280 
198, 199 198, 202 SAE 24 SAE 281 
198,200 198, 202 SAE 240 SAE 282 
198,200 198, 202 SAE 25 SAE 29 
198,201 198, 203 SAE 26 SAE 290 
198, 201 SAE 260 
208 SAE 50 
208 SAE 500 
208 SAE 501 
208 SAE 501A 
208, 209 SAE 502 
208, 209 SAE 503 
209 SAE 51 
209 SAE 510 
209, 210 SAE 52 
209, 210 SAE 52X 
209, 210 SAE 53 
209, 210 SAE 53 X 
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LOWER Your 
Production COSTS / 


Light, strong, durable Precision Die Castings can 
lower your production costs and enable you to 

turn out a finer finished,.more saleable product. 
Die cast to hold closer tolerances, Precision Die Cast- 

ings often eliminate many expensive assembly 
operations, when designed to your special needs. 


PRECISION CASTINGS CO., INC. 


210 Walnut St., Fayetteville, N.Y. 
Syracuse, N. Y. Cleveland, Ohio Kalamazoo, Mich, Chicago, Ill. 


British Affiliation — Wolverhampton Die Casting Co., Wolverhampton, England 


Sete = < 


NEW SUNOCO DYNALUBE 


New premium, heavy duty mofor oil 
meets or exceeds manufacturers’ 
recommendations for all 1951 cars. 


ROAD TESTED 
AND CERTIFIED 


In 4,650 mile test-run from Quebec to Key West and back, under 
AAA supervision, 4 stock:model cars used NEW SUNOCO DYNA- 
LUBE. On the average, cars traveled more than 2,000 miles before 
a drop of oil had to be added. AAA certified results show that NEW 
SUNOCO DYNALUBE gives: 


LONG MILEAGE © ENGINE CLEANLINESS » LONG ENGINE LIFE 7 pYNALU BE ty 
i 


By the makers of BLUE SUNOCO gasoline 


SUN OIL COMPANY 


Philadelphia, Pa. 
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MATERIALS AND PARTS 


DESIGNATION GIVEN IN SAE 
STANDARD, SAE RECOMMENDED 


DESIGNATION (X STANDS FOR 


PRACTICE, OR SAH GENERAL FAgE THE VARIOUS DIGITS) 
INFORMATION REPORT 
miVerAtLOYor = |............| Zinc Die-Casting Alloys 212, 213 ~ "SAE 903 
212, 213 SAE 921 
212, 213 SAE. 925 
BEARING ALLOYS | 
Babbitt Alloys. 09.2 ..2..-.6.4..-. Babbitt Bearing Alloys 220, 220 SAE 10 SAE 13 
Ea 220 220 SAE 11 SAE 14 
220 220 SAE 12 SAE 15 
CadminmvAlloys. 23.) 282k ee Main and Connecting-Rod Bearing 220 SAE 18 
Alloys 220 SAE 180 
Copper-Lead Alloys............... Main and Connecting-Rod Bearing 220° BS SAE 48 
Alloys = 220 SAE 480 
. 220 SAE 49 
Gopper Alloys 2%. Sfe..3) 3265-6. Main and Connecting-Rod Bearing’ 221 . 221 SAE 791 SAE 795 
Alloys ~ 221 221° SAE 792 SAE 797 
ee 221 221. “- SAE 793 SAE 798 
221 221 SAE 794 SAE 799 
SOLDERS SLscilc: GRR CREE ea oe Solders 225 225 SAE 1A SAE 4A 
225 225 SAE1B . SAE 4B 
225 225 .. SAE 2A SAE 5A 
225 225 - SAE 2B SAE 5B 
225 225 SAE 3A SAE 6A 
225 225 SAE 3B SAE.6B 
ELECTROPLATING THICK- pais 
IMD OSS SRS 6 oa en Electroplating Practice 227 DS 
: ; cae Pek So ole Deets, 227 FS FZ FC 
22700 227) 227 KS KZ KC 
2272227 227, Qs QZ Qc 
RUBBER COMPOUNDS Classifications and Physical Re- 
quirements for Rubber Com- 
_pounds (SAE R 10) 
Crude or Reclaimed (No Oil-Re- 
sistance Requirement).......... 230 /R 310, R XXX,..., RN 916 
(Sometimes with suffixes) 
Synthetic with Maximum Oil Re- 
BISTANIGO RR tree pce pce fey a asters 231 SA 405, SA XXX,..., SA 910 
(Sometimes with suffixes) 
Synthetic with Good Oil Resistance <"..932 +| SB 410, SB. XXX,..., SB 910 
Bigc (Sometimes with:suffixes) 
Synthetic with Medium Oil Resist- : Pee 
POPES SSS WS ai 0 tio, Rene ece te ie (a a a 233 SC 405, SC, XXX,..., SC 920 
(Sometimes withsuffixes) 
RUBBER HOSES 
Coolant System Hoses...........| Coolant System Hoses (SAE R 20) 234-238 SAE R 21-SAE R 24 
Fuel and Oil Hoses............... Fuel and Oil Hoses (SAE R 30) 239-243 SAE R 31-SAE R 34 


H 
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CANNED HORSEPOWER! 


‘ 


Take a 50-ton hot metal press and add a pair of Greer Accumula- 
tors to the system. The result is incredible! The 50-horsepower 
motor that formerly ran the press is replaced by a 14-horsepower 
motor which does nothing but pump oil to the accumulator. Full 
power at every stroke—restored between cycles. 

Improved performance is the other part of the story. Greer 
Accumulators are used as “shock-absorbers” in many hydraulic 
systems—cushioning pulses of powerful pumps, for example. 

What else can these mighty midgets do? They can compensate 
for pressure valve leaks, dispense fluids, provide auxiliary or emer- 
gency power sources, pressure transfer barriers and power supply 
for secondary circuits. 

If you have anything to do with any hydraulic system, it will 
pay you to look carefully into Greer Accumulators. 


ACTUAL CASE HISTORY FROM OUR FILES 
“Incorporating a Greer Accumulator in our 31,000 
pound manipulator saved 9 hours machining time, 1 
hour of assembly time, 20% floor space and reduced the 
actual cost of manufacture”, writes S. T. Morgan, chief 
engineer, Edgar E. Brosius Co. Inc. Pittsburgh. 


Will they do even more than this for you? Get the facts 
from our engineers! Call or write for Greer Bulletin 300. 


U.S. PATENTS UNDER OLEAR LICENSES 


GREER HYDRAULICS INC. » 454 EIGHTEENTH STREET » BROOKLYN 15, NEW YORK 


Sales Representatives in All Principal Cities * District Office: 407 South Dearborn Street, Chicago 5 
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DESIGNATION GIVEN IN SAE 
STANDARD, SAE RECOMMENDED DESIGNATION (X STANDS FOR 
MATERIALS AND PARTS PAGE 
PRACTICE, OR SAE GENERAL THE VARIOUS DIGITS) 


INFORMATION REPORT 


RUBBER HOSES—Cont. 


Brake Hosesitis ysctistiss oh. os ..| Automotive Brake Hoses (SAE R 244-246 SAE R 41-SAE R 43 
40) 
Windshield Wiper Hose........... Windshield Wiper Hose (SAE R 50) 247 SAE R 50 


RUBBER CUPS FOR HYDRAULIC 
ACTUATING CYLINDERS.......} Natural Rubber Cups for Hydraulic 247-252 SAE R 60 
Actuating Cylinders (SAE R 60) 


HYDRAULIC BRAKE FLUID....... Hydraulic Brake Fluid (SAE R 70) 254 SAE R 71 
| 257 SAE R 72 


| LUBRICANT VISCOSITIES 


Crankcase Oils..................| Crankcase Oil Classification 259 SAE 5W 
259 SAE 10W 
259 SAE 20W 
259 SAE 20 
259 SAE 30 
259 SAE 40 
259 SAE 50 
Transmission and Axle Lubricants} Transmission- and Axle-Lubricant 263 SAE 80 
Classification 263 SAE 90 
263 SAE 140 
263 SAE 250 
REET Si lee a tie yates os Felts 269-270 F-1, F-X,..., F-7 
: 270-271 F-10, F- XX, ..., F-55 
THREADED FASTENERSG.......... Physical Requirements for Bolts, 
Capscrews, Studs, and Nuts 
Commercial Bolts................ 137-139 Grade 1 
Low-Carbon Bolts............... 137-139 Grade 2 
Medium-Carbon, Cold-Worked, 
Hexagon-Head Bolts and Studs 187-1389 Grade 3 
Medium-Carbon, Cold-Worked 
Studs Only. ......05: a a 137-139 Grade 4 
Medium-Carbon, Quenched- and- 
Tempered Bolts................. 137-139 Grade 5 
Medium-Carbon, Quenched- and- 
Tempered, High-Strength Bolts 137-139 Grade 6 
Medium-Carbon Alloy "Naas 
and-Tempered Bolts. tS ah 137-139 Grade 7 
SPPENEOM Mere ference cise oes ivne wieds Parallel-Side Splines for Soft- 565 4A, 4B, 4C 
Broached Holes in Fittings 
566 6A, 6B, 6C 
‘ 566 10A, 10B, 10C 
567 16A, 16B, 16C 
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When Tubi You can CUT COSTS « 
WANA SPEED PRODUCTION [amESneea 
» IMPROVE QUALITY use-Kote 


FINISH 
with 


GM Fuse-Kote is the name 
given to the exclusive protec- 
tive finish or coating applied 
to welded GM Steel Tubing. 
It means greater safety, new 
ease and speed in forming and 
sizing, improved corrosion 
resistance, and oxide-free sur- 
In the automotive field . . . and in the closely related fields of  faceforweldingand soldering. 
refrigeration, heating and air conditioning ... GM Steel Tubing 

has proved its ability to meet or exceed the toughest strength, SEND FoR FREE BROCHURE 
ductility, cleanliness and pressure requirements—and still pro- “ook Ahead with GM Tubing” — 
vide faster production at lower cost. In addition, Rochester That’s the title of our new illus- 
Products offers complete fabricating facilities, including the trated brochure 


services of experienced GM engineers. that tots Oye 
Tubing is first in 
the field for lasting 
quality, adaptabil- 
ity and low cost. @s 
Send today for your ws 
free copy. 


EXCLUSIVE GM 


Problems are 


TOUGH... 


ft) 
Ye" to ¥e” O.D. 
SINGLE and DOUBLE WALLS OF STEEL 


SS 


ROCHESTER PRODUCTS 


DIVISION OF GENERAL MOTORS 
Rochester, N. Y., U.S.A. 


b 

: 
a 
; 


VMs PRECISION VERNIER TOOLS 
e 


— rr ni ia en am =< 


pracy andes ltt © 


6” AMIC QUICK ACTION CALIPERS 
3¢21B, INCH GRADUATION ONLY, 1/1000” Readings 
4£22B, INCH AND METRIC GRADUATION, 1/1000” and 1/10mm Readings 


DELIVERY —OUT OF STOCK 
WE ARE MANUFACTURERS OF: AMIC PRECISION VERNIER CALIPERS: 6”, 10”, 12”, and 24” 
AMIC VERNIER HEIGHT GAGES: 10”, 18”, 24” 


AMIC DEPTH GAGES: 6”, 12’ — POCKET CALIPERS: 3”, 5” 
Tool Steel and Stainless Steel 


AMIC FEELER AND THICKNESS GAGES: 


No. 210 — 26 Leaves, No. 211 — 10 Leaves, No. 212 — 9 Leaves 3” Blades, tapered, 1%” length 
No. 213 — 26 Leaves, No. 214 — 10 Leaves, No. 215 — 9 Leaves 3” Blades, straight, 142” length 


AMIC PRECISION STEEL TAPES 
No. 350 — 50 Foot Measuring Length — No. 300 — 100 Foot Measuring Length 


AMERICAN MEASURING INSTRUMENTS CORP. 


240 WEST 40th STREET - head IC NEW YORK 18, N. Y. 
Telephone: PEnnsylvania 6-0687 Cable Address: AMICTOOL 
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DESIGNATION GIVEN IN SAE 
STANDARD, SAE RECOMMENDED 
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DESIGNATION (X STANDS FOR 


MATERIALS AND PARTS 3 : PAGE 
, 2 ; : PRACTICE, OR SAF GENERAL THE VARIOUS DIGITS) 
INFORMATION REPORT 
BEARINGS, ANTIFRICTION 
Ball Bearings, Type BC.......... Antifriction Ball and Roller Bearings 6BC02, .. ., 150BC03 


Ball Bearings, Type BN.......... 
Ball Bearings, Type Bly saucssngsces 
Ball Bearings, Type BA............ 
Ball Bearings, Type BS............ 
Ball Bearings, Type BT............ 
Ball Bearings, Type BIC........... 
Ball Bearings, Type BM........... 
Ball Bearings, Type BE..... Cae. : 


Ball Bearings, Type BD...... eee 


Ball Bearings,-Type BAF........ be 
Ball Hemings Typé BCB.....:.... 
Ball Bearings, Type BWF.......... 
Ball Bearings, Type TK............ 
Ball Thrust Bearings, Type TA.... 
Ball Thrust Bearings, Type TB.... 
Ball Thrust Bearings, Type SIN ee 
Cylindrical Roller Bearings, Type 


PRING Heys a: - + ete wee se 


SID) 2 cn We on 20.8 aoe eee 


Needle Bearings, Type NCD....... 
Loose Rollers, Type L............. 


Taper Roller Bearings............ _ 


Antifriction Ball and Roller Bearings 
Antinetion Ball and Roller Bearings 
Antifriction Ball and Roller Bearings 
Antifriction Ball and Roller Bearings 


Antifriction Ball and Roller Bearings 


Antifriction Ball and Roller Bearings| 


Antifriction Ball and Roller Bearings 


Antifriction Ball and Roller Bearings 


Antifriction Ball and Roller Bearings 
Wheel Ball Bearings 

“Wheel Ball Bearings 

Fan and Water-Pump Ball Bearings 
Clutch-Release Ball Bearings 


Ball Thrust Bearings 


Ball Thrust Bearings 


Clutch-Release Ball Bearings 
Cylindrical Roller Bearings 
Cylindrical Roller Bearings 


Cylindrical Roller Bearings 
Needle Roller Bearings 
Needle Roller Bearings 


Taper Roller Bearings 


(Continued) 


579, 581, 582 


579, 581, 582 


579, 581, 582 


579, 581, 582 


579, 581-583 
579, 581, 583 
583 

579, 583 
579, 584 
579, 584 
579, 586 
579, 586 
579, 587 
580, 588 
580, 599 
580, 600 


580, 589 


580, 590 © 


580, 591 


580, 591 
580, 591 
580, 591 


593-596 
593-597 
593-597 


597 
580, 598 
580; 598 
593 


10BN02, . . ., 60BNO3 
20BL02, . . ., 90BL03 
10BA02, . . ., 100BA02 
12BS02, . . ., 75BS23 
20BT02, . . ., soBTO2 
2BICO0, : . ., 24BICO0O 
2BM02, . . ., 17BM003 
10BE32, .. ., 110BE32 
10BD33, . . ., 110BD32 
12BAF401, ..., 22BAF462 
35BCB082, . . ., 45BCB088 
BWF229, . . ., BWF340 
22TK306, .. ., 44TK302 
10TA025, . . ., 140T A026 
8TB030, . . ., 56TB030 


306TN342, .. ., 337TN332 
17RN02, . . ., 150RN03 
35SD02, .. ., 150SD23 


40SW23, .. ., 150SW23 
6NCD1212, . . ., 30NCD2440 
0312119, . . ., 0938L88 


XXX-XXX 
XXXX-XXXX 
XXXXX-XXXXX 
AXXXX-AXXXX 
EEXXXXXX-XXXXXX 
NAXXX-XXXD 
NAXXXXX=XXXXXD 
(See Standard) 
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For Specialty Wires — 
A SPECIALTY MILL 


Wires as fine as .003” made to 
meet your exacting specifications 
by Johnson specialists, quality } 
producers of: fi 


MUSIC SPRING WIRE. 

AIRCRAFT CABLE WIRE. 

BRUSH WIRE FOR HAND AND POWER BRUSHES. 
HOSE REINFORCEMENT WIRE (BRAIDED TYPE). 
VACUUM HOSE WIRE. 

FLAT AND HALF OVAL SPECIAL SPRING WIRE. 
OIL TEMPERED SPRING WIRE. 

HARD DRAWN SPRING WIRE. 

HIGH CARBON ROPE WIRE. ; 
HIGH TENSILE GALVANIZED STEEL WIRE. a 


Bright drawn, tinned, galvanized, 
liquor finish, copper coated, bronze 
plated, alloy coated. 


STEEL AND WIRE COMPANY, INC. 


WORCESTER 1, MASS. 


New York Philadelphia Cleveland Detroit Akron Chicago ‘ 
Atlanta Houston Tulsa Los Angeles Toronto 


ENGINE COOLING 
RADIATORS 


OIL COOLERS 


FINNED COPPER 
RADIATION 


THE GaO MANUFACTURING CO. 
NEW HAVEN, CONN. 
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MATERIALS AND PARTS 


SAE DESIGNATIONS 


DESIGNATION GIVEN IN SAE 
STANDARD, SAE RECOMMENDED 
PRACTICE, OR SAE GENERAL 
INFORMATION REPORT 


LOCK NUTS FORBALL AND CYLIN- 
DRICAL ROLLER BEARINGS .... 


LOCK NUTS FOR TAPER ROLLER 


BEARINGS......... 


LOCK WASHERS FOR BALL AND 
ROLLER BEARINGS............. 


CABLE—INSULATED 


CABLE TERMINAL—STUD OR 


SCREW AND HOLE OR SLOT 


CABLE TERMINALS 


Straight-Type Eyelet Terminals... 


Offset-Type Eylet Terminals. ..... 


Straight-Type Spade Terminals. ... 


Side-Type Spade Terminals....... 


Side-Type Eyelet Terminals....... 


End-Type Starting-Cable Termi- 


Ball- and Roller-Bearing Lock Nuts 


and Washers 


Ball- and Roller-Bearing Lock Nuts 


and Washers 


Ball- and Roller-Bearing Lock Nuts 


and Washers 


Insulated Cable 


Cable Terminals 


Cable Terminals 


Cable Terminals 


Cable Terminals 


Cable Terminals 


Cable Terminals 


Cable Terminals 


Electric Fuses 


825 


DESIGNATION (X STANDS FOR 


PAGE 
VARIOUS DIGITS) 
575-577 N-00-N-14 
575-577 AN-15, ..., AN-40 
575-577 8-N-00-8-N-14 
575-577 8-AN-15, ..., 8-AN-140 
575-577 W-00,..., W-40 
575-577 W-102, ..., W-140 
645 SAE 0000 
645 SAE 000 
645 SAE 00 
645 SAE 0 
645 SAE 1, ..., SAE 20 
652 SAE 1-SAE 9 
652 SAE A00 X 
652 SAE B10 X 
652 SAE B20 X 
652 SAE B30 X 
653 SAE C40 X 
653 SAE H00X 
653 SAE H10X 
653 SAE H20X 
654 SAE M10X 
654 SAE M20X 
655 SAE K10X 
655 SAE K20 X 
655 SAE K30X 
656 SAE N40X 
656 SAE N50 X 
656 SAE N60 Xa 
656 SAE N60 Xb 
661 661 4 14 
661 661 6 20 
661 661 9 30 
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SAE DESIGNATIONS 


DESIGNATION GIVEN IN SAE 
STANDARD, SAE RECOMMENDED 
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DESIGNATION (X STANDS FOR 


MATERIALS AND PARTS PAGE 
PRACTICE, OR SAE GENERAL THE VARIOUS DIGITS) 
INFORMATION REPORT 
IBATAIGORTR Sie tls sicix rt wc yrtre: coy ne Storage Batteries 663 663 663 1H 3H 7G 
663 663 ~=—-663 1M 4D. 8D 
663°. 663 663 2H” 4G 868G 
663-663 2M 4H 
6638 663 2E 6D 
663 663 2F 6G 
663 663 2L 7D 
FLYWHEEL HOUSINGS............ Engine Flywheel Housings 722 SAE 00 
EngineMountings 721, 722 SAE 0. 
721, 722 SAE 1-SAE 6 
ENGINE-ARM DIMENSIONS....... Engine Mountings 721 1 
721 3 
721 4 
721 5 
721 2T 
V-BELTS AND PULLEYS........... V-Belts and Pulleys 735 735 56 A 
735 735 lV, 1 
735 34 
MARINE PROPELLER-SHAFT : 
COUPLING FLANGES............ Marine Propeller-Shaft Couplings 801 802 803 1 1s 400 
801 802 803 2 2S 6500 
801 802 803 3 3S _ 600 
801 802 803 4 4S 1726 
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cost WHE 
ls as te, FROM Cost WHEN MADE F 
1.714 TIMKEN TUBING—¢ tga: 
Cc. : 
ee a forging Per Cc 
Dan eae $0.4228 oe cs waisid 3: 
se ONO ree hn -$0.293 
unit (brows Pet ae 
ode UCtion cost Per 


ace Machined on 
ucking automatic) , 


TOTAL COST PER YNip_ 
$1.714 
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is t (with mill-length 
s ng on 4-spindle 5” 
aPacity 4utomatic 


Screw Machine) , -$1 177 


$1.2912 


TOTAL COST PER yniy_ 
$1.47 


Why this sleeve costs only $1.47 
instead of $1.71 


wax made from forgings, this part cost $1.71 per 
piece. By switching to Timken® seamless tubing, 
the manufacturer was able to cut his cost down to $1.47 
per piece. Here’s why this saving was possible: 1. Unit 
for unit, Timken seamless tubing was far less expensive 
than forgings. 2. The mill lengths of tubing could be 
broached and machined on an automatic screw ma- 
chine, whereas the forgings had to be broached and 
then machined on a chucking automatic. Actual cost 
figures are shown above. 


Timken tubing also offers cost advantages over bar 


YEARS AHEAD=THROUGH EXPERIENCE AND RESEARCH 


stock, as well as forgings. With tubing you can often 
start right in with finish boring. The center hole is 
already there. Metal is conserved. Scrap loss is reduced 
—machining time saved. 

And you get better quality too. Timken tubing gives 
you fine forged quality that’s always uniform from tube 
to tube and heat to heat. For help in choosing the most 
economical tube size for your job, use our Tube Engi- 
neering Service. The Timken Roller Bearing Company, 
Steel and Tube Division, Canton 6, Ohio. Cable ad- 
dress: ‘““TIMROSCO.” 


TIMKEN 


TRADE-MARK REG. U.S, PAT. OFF, 


Fine Alloy 


STEEL 


and Seamless Tubes 


analyses—and alloy and stainless seamless steel tubing. 


Specialists in alloy steel—including hot rolled and cold finished alloy 
steel bars—a complete range of stainless, graphitic and standard tool 
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poet Exchangers, 
il, Water, Liquid 
and Gas Coolers aes 


Truck, Bus, and 


Locomotive Cab Stamped Tank 


=F FOR EFFICIENT HEAT TRANSFER a 


in any Automotive Application 


From small car heater cores that can 
be held in the hand to the huge VAD 
Vertical Air Discharge coolers and 
condensers that dwarf a man, Young 
Engineers have developed a complete 
line of products capable of handling 
any heat transfer requirement. Such 
versatility makes available a single 
source for your heat transfer needs... 
assures products that are engineered 


Locomotive Radiators 


“Mono-Weld”’ Sectional 


pc corlete with. to work perfectly together. Catalog a eee 
148, available upon request, illustrates 
the broad range of the Young line. 


Heav. Vertical Discharge 
Rice Coolers and Condensers 
‘Water Coolers 
and General 
Requirement 
Coolers 


T M. Reg. U. S. Pat. Off. 


YOUNG RADIATOR COMPANY 


GENERAL OFFICES * DEPARTMENT 141 + RACINE, WISCONSIN 
FACTORIES AT RACINE, WISCONSIN, AND MATTOON, ILLINOIS 


AUTOMOTIVE, 


IMPORTANT 
NEW FEATURES 


New All Weather 
Cap Design 


New High Speed 
Breaker Lever 


New Radio Suppressor 
Rotor 


New Moisture-Sealed 
Vacuum Unit 


DIVISION, GENERAL MOTORS CORPORATION 
ANDERSON, INDIANA 


TRACTOR AND MARINE ELECTRICAL 
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p 7he New 
DELCO-REMY 
DISTRIBUTOR 


Offers... 


ADVANCED DESIGN 
BETTER IGNITION 


Sharing in the latest engine developments, Delco-Remy now offers 
a new distributor of advanced design . . . built for the higher 
voltages required by the new engines ... providing better ignition 
under wet weather conditions. 


An entirely new overhanging cap, of greater height and larger 
diameter, gives increased distance between high tension areas and 
ground ... permits higher ignition voltages . . . reduces losses 
due to condensed moisture... sheds road splash. Further improve- 
ments in performance and durability come from the new high 
speed breaker lever, radio suppressor rotor, and moisture-sealed 
vacuum unit. % 


The new distributor is a great stride forward . . . another fine 
example of the leadership and of the constant search for a better 
way. that has made the name Delco-Remy known and respected 
everywhere. 


EQUIPMENT 


" 
Q 
. 
{ 


1951 SAE HANDBOOK 


DIVISIONS 
BUMPERS 
Standard Steel Spring Co. 


Coraopolis, Pa. 
Newton Falls, Ohio: 


UNIVERSAL JOINTS 


Blood Bros. Machine Co. 
Allegan, Mich. 


PRECISION SPRINGS 


Muelhausen Spring Div. 
Logansport, Ind. - 


FLAT LEAF SPRINGS 


Standard Steel Spring Co. 
Gary, Ind. 
New Castle, Pa. 


OPEN STEEL FLOOR’ 
GRATING 


Standard Steel Spring Co. 
Gary, Ind. rf 


dh 
SEAT CUSHIONS— 
BACK SPRINGS, 


Falls Spring and Wire Div. 
Detroit, Mich.— Kansas City, Mo. 
Great Lakes Spring Div. 
Chicago, Ill. 

Standard Steel Spring Co. 

Los Angeles, Calif. 

Trenton, N. J.- 


TUBULAR SEAT FRAMES 
Falls Spring and Wire Div. 
Detroit, Mich. 
Great Lakes Spring Div. 
Chicago, Ill. eee 


MECHANICAL SPRINGS 


Chelsea Spring Div. 
Chelsea, Mich. - 


TUBULAR PRODUCTS 
Falls Spring and Wire Div. 
Detroit, Mich. 
CORRONIZING 


Standard Steel Spring Co. 
Coraopolis, Pa. 
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@ 
UCTURAL PARTS FOZ 


HERE are some of reer nnaal 


the many produced by Powder Metallurgy by 


BOUND BROOK 
BOUND BROOK 


“COMPO’ Porous Bronze 
‘“POWDIRON) Sintered Iron 
Also Copper, Brass, 
' and Many Other Alloys 


@ All physical properties actually meet Bound 
Brook claims. 


@ Dimensional tolerances are held and parts 
can be vacuum-impregnated with tested lubri- 
cants, if desired. 


a “COMPO” 
B OAD BROO OIL-LESS BEARING CO.| eerarers 
CONSULT OUR ENGINEERS BOUND BROOK, N. J. ° 


BOUND BROOK 
e 


BEARINGS e BUSHINGS @ WASHERS e@ PARTS e EST. 1883 


AUTOMOBILE FRAMES 


HEAT TREATED TRUCK, 
TRAILER & BUS FRAMES 


— @e-— 


MISCELLANEOUS STAMPINGS 


PARISH UNIVERSAL BODY SECTIONS 


FOR TRUCK and TRAILER BODIES 


PARISH PRESSED STEEL CO. 


SUBSIDIARY OF DANA CORP. 


READING, PENNA. 


Western Representative: F. Somers Peterson, 524 Folsom St., San Francisco, Calif. 
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Organizations Referred to in SAE Handbook — 


ACI 


lloy Castings Institute 

2 Third Avenue 

Mineola, L. I., N. Y. 

EK. A. Schoefer, Exéc. Secy.) 


AES 


\merican Electroplaters’ Society 
». O. Box 168 

enkintown, Pa. 

A. Kenneth Graham, Secy.) 


AFA 


\merican Foundrymen’s Association 
22 West Adams Street 

Yhicago 6, Il. 

W. W. Maloney, Secy.) 


AGMA 


\merican Gear Manufacturers’ Association 
impire Building 

ittsburgh 22, Pa. 

Newbold C. Goin, Exec. Secy.) 


AISI 


\merican Iron and Steel Institute 
50 Fifth Avenue 

New York 1, N. Y. 

Walter 8. Tower, Pres.) 


API 


\merican Petroleum Institute 
10 West 50th Street 
New York 20, N. Y. 
‘W. R. Boyd, Pres.) 


ASM 


American Society for Metals 
301 Euclid Avenue 
Sleveland 3, Ohio 

‘W. H. Eisenman, Secy.) 


ASTM 


American Society for Testing Materials 
1916 Race Street 

Philadelphia 3, Pa. 

C. L. Warwick, Exec. Secy.) 


ASAE 


American Society of Agricultural Engineers 
Box 229 

st. Joseph, Mich. - 

Raymond Olney, Secy.) 


ASME 


American Society of Mechanical Engineers 
29 West 39th Street 

New York 18, N. Y. 

(C. E. Davies, Secy.) 


ASSE 


American Society of Safety Engineers 
20 North Wacker Drive 

Chicago 6, Ill. 

(Albert Caddell, Secy.) 


ASA 


American Standards Association 
70 East 45th Street 

New York 17, N. Y. 

(George F. Hussey, Secy.) 


ATA 


American Trucking Associations 
1424 16th Street 

Washington 6, D. C. 

(John V. Lawrence, Managing Dir.) 


AWS 


American Welding Society 
29 West 39th Street 

New York 18, N. Y. 
(Harry E. Jordan, Secy.) 


AFBMA 


Anti-Friction Bearing Manufacturers Association 
60 East 42nd Street 
New York 17, N. Y. 
(H. O. Smith, Secy.) 


ALAM 


Association of Licensed Automobile Manufacturers 
(defunct) 


AMA 


Automobile Manufacturers Association 
New Center Building 

Detroit 2, Mich. 

(William J. Cronin, Managing Dir.) 


CRC 


Coordinating Research Council 
30 Rockefeller Plaza 

New York 20, N. Y. 

(M. K. McLeod, Mgr.) 


(Continued) 
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i Anaconda Copper & Copper Alloys 


Tue AMERICAN BRASS COMPANY produces copper and copper 
alloyed with zinc, tin, nickel, lead, aluminum, manganese, silicon, cad- 
mium, chromium, selenium and other elements in all combinations 
that can be wrought into commercial shapes. Several of the more im- 
portant engineering alloys are as-follows: 


EVERDUR* This group of high-strength, cor- 
rosion-resistant alloys is composed basically 
of copper, silicon and other elements. They 
were developed for structural and engineering 
uses which require metal with high tensile 
strength and good fabricating properties com- 
bined with an immunity to rust and corrosion 
resistance equivalent to copper. Everdur is 
available in practically all commercial shapes, 
welding rods and special products. 


PHOSPHOR BRONZE This term is as- 
signed to copper-tin alloys in which the ox- 
ides have been eliminated by the addition of 
phosphorus. The component parts, when cor- 
rectly adjusted, produce fine-grain, homo- 
geneous metal, possessing high tensile strength, 
high elastic limit, high resistance to fatigue, 
high resistance to corrosion, low coefficient of 
friction and high resistance to wear. Anaconda 
Phosphor Bronze Alloys containing from 4% 
to 10.5% tin have unusually good spring 
properties and are available in a wide range 
of tempers. 


COPPER-NICKEL ALLOYS The Ameri- 
can Brass Company produces Nickel Silver in 
a wide range of alloys containing copper, 
nickel and zinc in various proportions, with 
nickel content ranging from 5% to 30%. Sev- 
eral of the alloys have small quantities of lead 
added to improve their machining qualities. 
Cupro Nickel Alloys, composed of copper and 
nickel, are highly ductile, malleable and cor- 
rosion-resistant and are produced with a 


*Reg. U.S. Pat. Off. 


nickel content of 2.5% to 30%. Ambrac* 
Metal is a copper-nickel alloy with a small 
percentage of zinc, originated and sold ex- 
clusively by The American Brass Company. 


AMBRALOY is a trade name used to desig- 
nate copper-aluminum alloys manufactured 
by The American Brass Company. General 
characteristics of these alloys are good cor- 
rosion resistance, high strength, resistance to 
oxidation at elevated temperatures, and 5% to 
10% less weight than other common brass 
and bronze alloys. 


In this group is an alloy specifically developed 
for use in aircraft engines and sold under the 
registered trade name, Avialite*. It is fur- 
nished in the form of rods for machining and 
also as die pressed forgings. When so specified 
on the order, it is manufactured to meet the 
requirements of S. A. E. Specification 701, 
Grade B. Specific automotive uses are for 
valve seats and guides, spark plug inserts, 
various bushings, nuts, gears and other fab- 
ricated parts. 


CHROMIUM COPPER 999 is an Anaconda 
Alloy which can be improved in physical 
properties and conductivity by heat treat- 
ment. The composition of this metal is copper 
99.05%, chromium 0.85%, silicon 0.10%. 
Chromium Copper has high electrical con- 
ductivity, which it retains to a remarkable 
degree at elevated temperatures. It is fur- 
nished in the form of strips, rods, bars and 
wire. 


Compositions, forms available, physical properties and constants for Standard Anaconda 


Metals are given in Publication B-32, 
Copies will be mailed on request. 


AnaconDA 


mine to cons: 


Specification references are in Publication B-34. 


THE AMERICAN BRASS COMPANY 


General Offices: WATERBURY 20, CONNECTICUT 
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ORGANIZATIONS REFERRED TO IN SAE HANDBOOK 


CABRA 


Copper and Brass Research Association 
420 Lexington Avenue 

New York 17, N. Y. 

(T. E. Veltfort, Mgr.) 


Federal Specifications Board 

Room 6008, Federal Supply Services 
7th and D Streets, S.W. 
Washington 25, D. C. 


Felt Association, Inc. 

74 Trinity Place 

New York 6, N. Y. 
(Herbert S. Blake, Secy.) 


IES 


Illuminating Engineermg Society 
51 Madison Avenue 

New York 10, N. Y. 

(A. Dexter Hinckley, Exec. Secy.) 


ICC 


Interstate Commerce Commission 
I. C. C. Building 

12th & Constitution Avenue, N. W. 
Washington 25, D. C. 


NASC 


National Aircraft Standards Committee 
610 Shoreham Building 
Washington 5, D. C. 


NACE 


National Association of Corrosion Engineers 
Southern Standard Building 

Houston 2, Texas 

(A. B. Campbell, Exec. Secy.) 


NBS 


National Bureau of Standards 
U.S. Department of Commerce 
Washington 25, D. C. 


National Committee on Uniform Traffic Laws and Ordinances 
National Safety Council 

425 North Michigan Avenue 

Chicago 11, Ill. 

(Ned H. Dearborn, Pres.) 


NFPA 


National Fire Protection Association 
60 Batterymarch Street 

Boston 10, Mass. 

(Percy Bugbee, Gen. Mgr.) 


NMTBA 


Naticnal Machine Tool Builders’ Association 
10525 Carnegie Avenue 

Cleveland 6, Ohio 

(Tell Berna, General Mgr.) 


OBMA 


Outboard Boat Manufacturers Association 
807 North Michigan Avenue 

Chicago 1, Ill. 

(Arnon N. Benson, Exec. Dir.) 


OBCA 


Outboard Boating Club of America 
307 North Michigan Avenue 
Chicago 1, Ill. 

(Arnon N. Benson, Exec. Dir.) 


OMMA 


Outboard Motor Manufacturers Association 
307 North Michigan Avenue 

Chicago 1, Ill. 

(Arnon N. Benson, Exec. Dir.) 


RMA 


Radio Manufacturers Association 
1317 F Street 

Washington 4, D. C. 

(Bond Geddes, Exec. V.-P.) 


RMA 


Rubber Manufacturers Association 
444 Madison Avenue 

New York 22, N. Y. 

(A. L. Viles, Pres.) 


SFSA 


Steel Founders Society of America 
920 Midland Building 

Cleveland 15, Ohio 

(F. Kermit Donaldson, Exec. V.-P.) 


TRA 


Tire and Rim Association 
First National Tower 
Akron 8, Ohio 

(C. G. Hoover, Exec. V.-P.) 
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more than 60,000,000 K. S. Electric Tele- 
gages (water temperature, fuel level and 
oil pressure) have been produced for the 
keenly competitive, highly critical auto- 
motive market. 


To maintain this leadership and progres- 
sively improve these instruments King-Seeley 
carries on a consistent program of engi- 
neering research and development. Among 
these improvements is the design change 
which enables the Telegage to withstand 
continuous vibration in two planes for eight 
hours at vibration rates ranging from 0 to 
4,000 per minute. 


Another is the introduction of spun glass 
insulation for heater wires to protect the 
circuit against damage from current surges 
and shorts. 


Still another is compensation for voltage 
variation. Such variation may range from 
5 to 9 volts without interfering with the 
accurate performance of the Telegage. 


operated under a carefully organized 
Quality Control System which has materially 
improved the standards of workmanship 
and the uniformity of Telegages. 


Besides the conventional inspections all tank 
unit diaphragm stock is tested to 1,000,000 
cycles and stock for oil pressure diaphragms 


to 10,000,000 cycles. All stock has to pass 
these tests to be accepted. 


As Research discovers better designs, better 
manufacturing methods and better ma- 
terials, these also will be incorporated in 
the K. S. Telegage. 
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UTO-LITE serves the nation’s needs . . . with more 
than 400 products used as original factory equipment 
on many leading makes of America’s finest cars, trucks 
and tractors. By building products of the highest quality 


and dependability . . . Auto-Lite has grown to be the 
world’s largest independent manufacturer of automotive 
electrical equipment ... and the best advertised name in 


the automotive after market. Today’s buyers of cars 
and trucks know “You’re Always Right With Auto-Lite.” 


THE ELECTRIC AUTO-LITE COMPANY 
Toledo 1 Ohio 


WORLD’S LARGEST INDEPENDENT MANUFACTURER OF AUTOMOTIVE ELECTRICAL EQUIPMENT 
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Plus Perférmance 


SL 
éfor temperature control 
' of engines with pressurized 
cooling systems: for 
today’s and tomorrow’s 
cars and trucks 


“DNV” Thermostats 


DOLE DV THERMOSTATS used in leading makes — 3 
have proved their dependability and capacity to operate posi- 
tively against the higher pump pressures in modern sealed 
cooling systems. 


DOLE DV THERMOSTATS are also more efficient for 


the modern cars with open cooling systems. 


In a word, DOLE DV THERMOSTATS help all 
cars of advanced design to give top perform- 
ance—quick warm-up, savings of gaso- 
line, oil and motor wear. Plus, of 
course, quick heat from 
the car heater. 


ay Se eh ie j _ TSE PIG igs oe oe o -- 


DOLE DV 2 


Dole Thermostats are 
available in various 
sizes and models to 
meet all installation 
requirements. 


ae DOLE DV 3 el CONTROL WITH DOLE 


THE DOLE VALVE COMPANY © 1901-1941 Carroll Avenue, Chicago 12, Illinois © Detroit ¢ Los Angeles ¢ Philadelphia 


a. a ee ee 
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from Product Design 


i 


OU call on years of sound engineering and pro- 
duction experience at Breeze. In addition to the 
wide range of precision products listed below, Breeze offers en- 
gineering services for the design and development of any type 
of specialized electrical or mechanical device for aircraft, engines, 
or communications equipment, Write for details on Breeze prod- 
ucts or services. 


RADIO IGNITION SHIELDING 


Complete harness assemblies 
with detachable unit leads or 
rewirable leads. Igniter or ig- 
nition assemblies for jet and 
reciprocating aircraft engines 
and ground vehicles. 


777 7m 
KD 
= a: = ‘ 
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“SAERO-SEAL’’ HOSE CLAMPS 
Precision worm drive — for air- 


craft, automotive, marine, and _ 


industrial use. Vibration-proof 
will not work loose. Use 
again and again. Corrosion- 
resistant stainless steel bands, 


ACTUATING SYSTEMS 


Electrical and mechanical screw 
jacks and gear trains to ac- 
tugte aircraft controls, valve 
closures, landing gear, or vir- 
tually any other type of equip- 
ment. Thermally protected. 


SPECIALIZED CONNECTORS 


For electronic, aircraft, ord- 
mance, and communications 
equipment. Watertight or pres- 
sure sealed types, panel types, 
quick disconnects, cable clamps 
and associated equipment. 


FLEXIBLE METAL TUBING 


For electrical shielding, armor- 
ing, fluid lines, conduits and 
ducts, pressure lines, and high 
and low temperature applica- 
tions. Material, shapes, and 
sizes to specification. 


WELDED DIAPHRAGM 
BELLOWS 


“Job engineered” to meet your 
requirements and make pos- 
sible the use of bellows in 
applications where they could 
not previously be considered, 


Breeze products meet the latest government specifications. 


CORPORATIONS, 


INC. 


41F South Sixth St., Newark, New Jersey 


ANOTHER BREEZE PRODUCT 
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THE 


Cleveland 
Graphite 


Bronze comeany 
World’s Largest Producer 


Bearings and Bushings by 


CLEVELAND ¢ DETROIT « NEW YORK * CHICAGO 
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Ca n Be R ; @ h f a t Yo ur E i bow HYDRAULIC BRAKE 
When You Need Help 


Thermoid’s research, development, and production facilities: are 
available to help automotive engineers find better, more economical 
ways of improving the performance of cars, trucks, buses, or tractors. 


Thermoid is one of the automotive industry’s leading sources of : 
Brake Linings, Clutch Facings, Hydraulic Brake Cylinders, Fan 
Belts, Radiator Hose, Heater and miscellaneous Hose, Car Carpets, 


and other quality products. FAN BELTS 


Thermoid has a long, close, and friendly association with the 
automotive industry. Design and production engineers who use 
Thermoid’s facilities find they can rely on our ability and experience. 


It is because of Thermoid’s continuing development of new methods 
and its efforts to steadily improve quality that Thermoid consis- 
tently maintains a progressive leadership in the field. 


Your inquiry is invited. 


HEATER AND 


CAR CARPETS MISCELLANEOUS HOSE 


RADIATOR 
HOSE 


ao” 


— 


hermol 


Thermoid Company + Main Office and Factory: Trenton, N. J. 
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Vast facilities and tremendous know-how are 
at your command when Guide Lamp makes 
parts, assemblies or sub-assemblies for your 
automotive lighting needs. Guide Lamp has the 
equipment to mass produce items you need, 
and to turn them out exactly as you want them. 


Naturally, Guide Lamp should know your needs 
as quickly as possible. Then Guide Lamp can 
get its tacilities and know-how to work for you 
. .. to provide all the parts and assemblies you 
want when you want them. 


Your inquiry will bring you full details. 
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| FLINTKOTE 
Check List for <| AUTOMOTIVE 
PRODUCTS 


¢ Rubber and Asphalt Adhesives e Anti-squeak Compounds 


e Sound Deadening Felts e Crack Sealers 

e Spray-on Deadeners e Mastics 

® Body Protective Coatings e Rubber Cements 
e Underbody Coatings 


—-< 


cede ee 


For your special requirements, we maintain development specialists and 
research facilities. Ask for complete information 


THE FLINTKOTE CO., Industrial Products Division, 
30 Rockefeller Plaza, New York 20, N. Y. 
14201 Schaefer Highway, Detroit 27, Mich. 


oessaeys] FLINTKOTE Products for Industry 


Specialists in engineered synthetics ie | 
and flexible industrial parts . e 


CORPORATION Flexible Hose Assemblies z 


Belleville 9, N. J. 


for hydraulic, lubrication, fuel, and 
refrigeration systems. 


Precision moldings and extrusions 
from synthetic compounds such as . 


Teflon, Kel-F, Compar 


Contact us for detailed information. 


; 
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Put this team to work for you 


UNITED-CARR * UCINITE 


ELECTRICAL ASSEMBLIES 
LAMP SOCKETS, COURTESY 


MAKERS 


WEATHER - STRIPPING, CHANNEL, LIGHTS, DOOR SWITCHES, 
TUBING AND WIRING, GLASS PARKING LIGHTS. INTERIOR 
RUN, AND MOULDING FASTENERS. AND EXTERIOR LIGHTING. 


Take advantage of the specialized skill and expe- 


rience of these two highly efficient organizations... 
United-Carr,a leader in the development and manu- 
facture of metal fasteners... Ucinite, ready to supply 
‘your needs for electrical assemblies with precisely 


engineered combinations of metal and plastics. 


UNITED-CARR FASTENER CORPORATION 
and THE UCINITE COMPANY oovision) 
2832 E. Grand Bivd., Detroit 11, Michigan 
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12 MACHINES 


How many different Bearings? . 


There may be 20, 40 or more yariations and combinations of alloys and designs in 
the sleeve bearings. One engine may require different bearing alloys for main bear- 
ings, connecting rod bearings, camshaft bearings, piston pin bushings and water 
pump bushings. That’s one reason why, as long-time specialists in research, design 
and manufacture of sleeve bearings, we specialize in variety. Our six manufacturing 
plants produce sleeve bearings and bushings in a wide range of material combina- 
tions and sizes, in quantities from dozens to millions. 


FREE ENGINEERING BULLETIN! Your business letterhead request places your name 
on the mailing list to receive all issues of the new “Sleeve Bearing Topics’—giving 
accurate, up-to-date information for the design, selection and application of sleeve 
bearings, bushings and similar precision parts. Write now so that your file will be 
complete! 


FEDERAL-MOGUL CORPORATION, 11048 Shoemaker, Detroit 13, Michigan 


FEDERAL- MOGUL 


OVER FIFTY YEARS OF CONTINUOUS BEARING EXPERIENCE 
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Smeg the-world 


Wherever vehicles move on pneumatic tires 
SCHRADER products are there 


No other single item as small, is as universally interchangeable as the Schrader 
Valve Core. Schrader Tire Valves and Caps are the accepted standard with man- 
ufacturers because maintenance and replacement can be done instantly anywhere 
on the face of the earth! 


To maintain this confidence, Schrader jealously guards its position as the world’s 
number one producer of tire valves and accessories for original equipment and 
replacement. 


Warehouse stocks and dealer stocks of Schrader Products in hardware style 
package units are maintained throughout the world. And wherever there’s a Schra- 
der dealer—there too, you'll find tire maintenance know-how. 


That’s why tire manufacturers have looked to Schrader for their standard valves 
and air service accessories since the advent of pneumatic tires. Our engineers have 
a wealth of technical experience that is yours to use. When you think of air—call 
on us. 


A. SCHRADER’S SON, Division of Scovill Manufacturing Company, Incorporated, BROOKLYN 17, N. Y. 


FIRST NAME IN TIRE VALVES 
Rea Eger ore. FOR ORIGINAL EQUIPMENT AND REPLACEMENT 


a 
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LONG TORQUE CONVERTER 


Here’s velvet-smooth power transfer, with torque 
multiplication of better than 2 to 1 at stall. Air- 
cooled for trouble-free service. Assembly units 
fabricated almost entirely from stampings for 


low-cost production. 


LONG RADIATORS 


Long radiators and maximum heat 
exchange have been synonymous 
throughout the automotive world since 
1903. Fin-and-tube design and con- 
struction provide clean, unobstructed 
water courses. Capacities range from 
passenger car models to heaviest-duty 
commercial vehicle types. 


LONG CLUTCHES 


Effortless operation, dependable per- 
formance in stop-and-go traffic driving. 
At highway speeds, semi- centrifugal 
design gives increased torque capacity 
... less slippage, less wear. Long 
clutches have equipped millions of cars, 


trucks, buses and tractors since 1922. 


LONG MANUFACTURING DIVISION 
BORG-WARNER CORPORATION 
DETROIT 12 and WINDSOR, ONTARIO 


TORQUE CONVERTERS « CLUTCHES ¢ RADIATORS ¢ OIL COOLERS 
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What sales appeal never changes ?. 


RROGRESS moves fast in the automotive 
industry. Each year has seen a new array 
of exciting sales features. 


Back in 1905, a power tire pump captured 
many a customer’s fancy. In 1907, nickel-plated 
trim became the rage. Adjustable front seats 
set car buyers agog in 1926. Lately it’s been 
automatic transmissions of various types. The 
emphasis has shifted from one sales feature to 
another. But through it all there has run one 
basic sales appeal—and that’s value. Today, 
customers are becoming more conscious of value 
than ever. Especially where it counts the most 
—in moving parts—the “‘vital zone’. 


In buying parts for the ‘“‘vital zone’’, this 
simple guide to value may be helpful: 


Vale quality + service + public acceptance 
price 

It shows that price is only one factor in value, 
and must be weighed in relation to the factors 
above the line. Timken® bearings give you far 
more above the line than any other tapered 
roller bearing (see chart at right below). And 
in terms of value features, Timken bearing 
prices are lowest today. So by this formula or 
any other, your best value in tapered roller 
bearings is Timken! The Timken Roller Bear- 
ing Company, Canton 6, Ohio. 


ONLY TIMKEN BEARINGS 
GIVE YOU 
ALL THESE VALUE FEATURES 


QUALITY 

1. Design leadership 

2. Steel made in our own mill 
3. Precision manufacture 

4, Rigid quality control 

5. 50 years experience 


SERVICE 
WE MAKE OUR OWN STEEL— because it is the FIRST CHOICE FOR PINIONS! All but two makes 6. Unequalled engineering service 
only way we can get the consistently high quality of cars use Timken tapered roller bearings on the 7. Unequalled research and devel- / 
steel required for Timken bearings. And because pinion, toughest bearing application in the car. t facilities f 
a 5 5 a ated a 5 opmen acilities for your use 
it gives us quality control from start to finish. And in many other places in the vital zone such ¥, Vee 
The Timken Company is the only bearing man- as wheels, transmissions, differential, etc., Tim- 8. Installation service in the field 
ufacturer in America that makes its own steel. ken bearings give value where value counts. 


9. Widest range of sizes 
10. Most dependable source of supply 


PUBLIC ACCEPTANCE 
ite i IM KEN \ A | E 11. First choice throughout industry 
} S or 12. Best-known name in bearings 


Cees goes 13. Widespread advertising 


TAPERED ROLLER BEARINGS 


NOT JUST A BALL CD NOT JUST A ROLLER C— THE TIMKEN TAPERED ROLLER O—> BEARING TAKES RADIAL AND THRUST —G@))— LOADS OR ANY COMBINATION — . 
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REDUCE YOUR NUMBER OF PARTS 
and Permit a Logical Grouping of Working Units 


FLEXIBLE 

SHAFTING 

MADE IN 
STANDARD SIZES 


863 


Flexible 
SHAFT ASSEMBLIES 


Due to our wide experience in developing flexible shafts for carry- 
ing power around any corner, we can give you immediate help in 
solving your alignment problem. Circle Ess Flexible Shafts are 
today serving in the machinery, electronics, automotive, and 
aircraft industries where, in numerous cases, many new problems 
were solved. 


It is not necessary for you to use e i i i joi 
OR TO YOUR : xpensive arrangements of mitre gears, universal joints, spur gears 
ie a and other space wasting constructions. The answer to simplified arrangement, inexpensive, efficient 
SPECIFICATION. performance, is in the transmittal of power around bends with Circle Ess Flexible Shafts. 


e Mechanical and electrical controls may be placed in a position for economical yet highly efficient 


construction and still be operated from a readily accessible point through use of a flexible shaft 
assembly. 


and under or over necessary obstacles. It has many ad- 
vantages over the solid shaft—it eliminates mitre gears. 
bevel gears, universal joints, and the costly production 
time that is spent in aligning solid shafts. Pictured is a 
section of Power Drive Flexible Shafting showing construc- 
tion of superimposed layers of wire wound in opposite 
directions. 


REMOTE CONTROL SHAFTS 


This type is used when a driven element needs to be moved 
only a fraction of a turn or several complete turns. Also 
used when it is necessary to both rotate and reciprocate, 
such as the opening and closing of valves. The designer is 
free to place the controls of a product in a position that is 
centrally located and accessible. Picture shows construction 
of superimposed layers of wire wound in opposite direc- 
tions. 


OUR ENGINEERING DEPARTMENT is az Your Service 


We wish to extend to every plant executive and plant 
engineer, the facilities of our engineering department 
so that they may have the full use and benefit of the 
vast amount of practical Circle Ess data which has 
been compiled over many years. Our engineers, with 


FE. W. STEWART MEC. CORPORATION 


specialized experience, are ready to help you in select- 
ing the proper material for your needs and should 
it be necessary, our complete laboratory facilities are 
available to test your equipment to obtain design 
data. 


Write for our book “FLEXIBLE SHAFT ASSEMBLIES” 


It has valuable information for 
all automobile and other man- 
ufacturers where power drives 
or remote controls are re- 
quired. 


4311-13 RAVENSWOOD AVE. CHICAGO 13, ILL. 


WEST COAST BRANCH: 431 VENICE BLVD., 


LOS ANGELES 15, CAL. 
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